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Abstract

Background: Mild acquired cognitive impairment (MACI) is a new term used to describe a subgroup of patients with mild
cognitive impairment (MCI) who are expected to reach a stable cognitive level over time. This patient group is generally young
and have acquired MCI from a head injury or mild stroke. Although the past decade has seen alarge amount of research on how
to use information and communication technology (ICT) to support self-management of patients with chronic diseases, MACI
has not received much attention. Therefore, there isalack of information about what tools have been created and evaluated that
are suitable for self-management of MACI patients, and alack of clear direction on how best to proceed with ICT tools to support
self-management of MACI patients.

Objective: This paper aims to provide direction for further research and development of tools that can support health care
professionalsin assisting MACI patients with self-management. An overview of studiesreporting on the design and/or evaluation
of ICT tools for assisting MACI patients in self-management is presented. We also analyze the evidence of benefit provided by
these tools, and how their functionality matches MACI patients' needs to determine areas of interest for further research and
development.

Methods: A review of the existing literature about available assistive ICT tools for MACI patients was conducted using 8
different medical, scientific, engineering, and physiotherapy library databases. The functionality of tools was analyzed using an
analytical framework based on the International Classification of Functioning, Disability and Health (ICF) and a subset of common
and important problems for patients with MACI created by MACI expertsin Sweden.

Results: A total of 55 search phrases applied in the 8 databases returned 5969 articles. After review, 7 articles met theinclusion
criteria. Most articles reported case reports and exploratory research. Out of the 7 articles, 4 (57%) studies had less than 10
participants, 5 (71%) technologies were memory aids, and 6 studies were mobile technologies. All 7 studies fit the profile for
patients with MACI as described by our analytical framework. However, several areas in the framework important for meeting
patient needs were not covered by the functionality in any of the ICT tools.

Conclusions: Thisstudy shows alack of ICT tools devel oped and evaluated for supporting self-management of MACI patients.
Our analytical framework was a valuable tool for providing an overview of how the functionality of these tools matched patient
needs. There are anumber of important areas for MACI patients that are not covered by the functionality of existing tools, such
as support for interpersonal interactions and relationships. Further research on ICT tools to support self-management for patients
with MACI is needed.
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Introduction

Information and communication technology (ICT) is a means
to cope with the increasing number of patients with chronic
diseases in our aging society [1]. For individuals with chronic
illness affecting cognitive capacities either directly (eg,
dementia) or indirectly (eg, diabetes), ICT has become a
fundamental part in their daily lives by providing awide range
of useful services and tools to use at home, work, or anywhere
else[2-5].

Intensive research isongoing regarding ICT support for patients
with moderate or severe cognitive impairments. One group that
has not received much attention, however, is people with mild
acquired cognitive impairments (MACI).

Mild Acquired Cognitive Impair ments

The new term MACI is used to differentiate patients with mild
cognitive impairments (MCI) after acquired brain injury, such
as traumatic brain injury (TBI), stroke, or other medical
conditions or treatments, who are expected to reach a stable
cognitive level over time from patients with a slowly
deteriorating cognitive impairment, such as Alzheimer disease
or schizophrenia[6].

The clinical definition of MACI isin line with the American
Congress of Rehabilitation Medicine Special Interest Group on
Mild TBI definition of mild TBI [7]: minor motor
dysfunction/no motor dysfunction; appear to function well in
social situations occasionally requiring support; may have a
number of different cognitive disabilities, mostly within the
area of attention, concentration, and memory; and may have a
number of concomitant emotional problems. In order to be
classified as having MACI a patient must meet the following 3
criteria: (1) the patient fitsthe general definition of having MCl,
(2) the patient acquired this MCI as the result of a known
medical condition, and (3) the patient's cognitive state is
expected to improve over time with treatment.

The largest etiological groups within MACI are patients with
TBI, stroke, and brain injuries [8]. Each year, more than 1.5
million people in the United States suffer from TBI [9]. Mild
TBI and concussion are the most frequent combat-related
injuries. Brain injuries are also common at al levels of athletic
competition and have been noted as a serious long-term health
problem for retired professional American footbal players
[10,11]. Although the majority of peoplewith mild TBI resume
normal functioning fairly quickly, approximately 5% to 15%
report persistent cognitive and emotional symptoms [12,13].

Mild cognitive disability isasignificant health problem and can
result from a number of conditions. It may result in problems
performing daily functions, such as reduced efficiency and
reduced pace when performing activities. Problems may be
persistent and decrease the overall effectiveness of the patient

http://www.jmir.org/2012/6/e159/

in the performance of routine activities of daily living, while
also decreasing their capacity to adapt to novel or problematic
situations [14,15].

Theinitial symptoms of mild TBI also apply to MACI patients
and include dizziness, nausea, and impaired concentration that
will typically decline during the first 3 months after the injury
[16,17]. However, subgroups of patients develop persistent
symptoms [18]. Patients can have multiple cognitive and/or
behavioral and emotional disabilities, such as depression, low
self-esteem, anxiety, lack of initiative, inability to maintain
previous work pace, cognitive problems, and poor stress
tolerance [19]. For this group, daily life becomes a challenge
and the condition brings reduction in life satisfaction [20].

Treatment and Self-management of Mild Acquired
Cognitive Impairments

Patientswith MACI are often of working age and can have quite
complex and challenging problems; therefore, it is hoped that
with the right tool, strategy, and treatment these patients may
returnto normal lifeand work. There are anumber of challenges
in treating these patients. Treatment strategies intended for
moderate and severe acquired brain injuries are irrelevant for
patients with MACI [13]. For example, the technologies
developed to support MCI patients have focused primarily on
Alzheimer disease and related problems, such as dementia.
Treatment for MACI patientsis quite different from those with
moderate or severe injuries or Alzheimer disease for a variety
of reasons. One issue is that patients with MACI need to be
treated to handle awider variety of situationsthan patientswith
moderate or severeinjuriesor Alzheimer disease. For example,
they often need help to deal with interpersona-emotional
impairments, socia situations, the work context, and with
productivity-related skills [6,13]. Patients with MACI also do
not have observable disabilities, such as motor and speech
problems.

Treatment of MACI focuses on regaining lost skillsand learning
waysto compensate for |ost abilitiesto allow patientsto function
wdll inall appropriate contexts and situations. For these reasons,
thetreatment optionsare also quitevaried, and patientsgenerally
need individualized programs tailored to their capabilities,
backgrounds, and interests. Treatment programs deliver
assessment and reassurance by cognitive rehabilitation and
stress management, and assist patients to return to work [21].
Studies have aso shown that simple support in terms of
education and group therapy appeared to provide extensive help
for individuals with MACI with respect to their individual
conditions and disabilities[21].

Becausethe goal of MACI treatment is often to help the patient
become more independent and manage different life situations
more effectively, an important aspect of the treatment is support
for self-management. Self-management can be defined as “the
individual ability to manage the symptoms, treatment, physical
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and psychosocia consequences, and lifestyle changes inherent
in living with a chronic condition and disability” [22]. In this
paper, our target is how to utilize ICT to enable the health care
system so that it can support patients with MACI in
self-management, for example, by recommending and/or
providing the appropriate ICT tools to patients that can assist
them. Self-management is a broad concept; therefore, the
development of tools that support self-management must be
conducted from a broad perspective [23]. Self-management
programs have to emphasize the patients central roles in
managing their illness and include both the medical and social
aspects of living to manage along-term chronic condition [24].

New possibilities are offered by ICT to enhance treatment,
including support for group therapy and improved individual
follow-up of rehabilitation support for optimal self-management,
where individually adapted information and self-management
tools can be combined with the integrated knowledge obtained
within the framework of group treatments. Currently it isunclear
what the best strategies are to support treatment of MACI with
ICT. There are no concrete design guidelines that can aid
designers in the development of new ICT tools to support
patients with MACI in self-management and treatment.

The goa of this paper is to provide a contribution to the
direction of future research on ICT tools that can be used by
health care professionals who are seeking to assist MACI
patients in self-management. The development of these tools
will require multiple perspectives to be considered, including
the perspective of the patient in managing and coping with their
condition, and of the health care workers who treat the patient
and will need to understand the potential of thesetoolsand how
to recommend them to specific patients.

We present an overview of studiesreporting on the design and/or
evaluation of ICT tools for assising MACI patients in
self-management. We also provide an analysis of the features
of these tools using the International Classification of
Functioning, Disability and Health (ICF) checklist [25] as a

http://www.jmir.org/2012/6/e159/
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framework becauseit isfrequently used by MACI rehabilitation
professionals and medical experts for clinical assessment of
MACI patients. Since the ICF checklist is comprehensive, we
used a subset of the most common and important problems for
MACI patients, determined by an MACI expert located in
Sweden (AB) for our analysis.

Specifically, we will explore the following research questions:
(1) What functionality has aready been explored and/or
evaluated regarding ICT tools that can be used to assist MACI
patientsin self-management? (2) What level of evidence exists
that this functionality can provide benefits for MACI patients?
(3) What gaps exist with respect to the functionality and the
assessment framework used by rehabilitation professionals
treating MACI patients?

We seek to aid health informatics by clarifying what
functionality should or should not be recommended for assisting
patients with MACI in self-management, what functionality
appears promising but needs further evaluation before clear
recommendations can be made, and what functionality may
have been ignored in previous studies and should be targeted
in design studies of future ICT tools to assist with MACI.

Methods

Review of the Literature

A review of the existing literature about available assistive ICT
for people with MACI was conducted. This study was based
on areview of the scientific literature published between 1995
and 2011 and retrieved between June and September 2011. The
sources of theliterature were the following el ectronic databases:
MEDLINE (PubMed), Association for Computing Machinery
(ACM) Digital Library, ScienceDirect, Ovid, Physiotherapy
Evidence Database (PEDro), SpringerLink, ISl Web of Science
(Science Citation Index Expanded), and the Ingtitute of Electrical
and Electronics Engineers (IEEE) XploreDigitd Library. Table
1 shows the inclusion and exclusion criteria.
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Table 1. Inclusion and exclusion criteriafor literature review of information and communication technologies (ICT) used for minor acquired cognitive
impairments (MACI).

Criteria Study characteristics Study participants
Inclusion Origina articles Mild/moderate cognitive impairments and dysfunctions
English language Mild/moderate acquired cognitive impairment and dysfunction
Adult participants only Severeinjury but the mild/moderate outcome after certain period of
time
Where the technology was either created, evaluated or appli- Non-progressive diseases
cable for MACI patients
Studies focused on technol ogies and tool s that are devel oped
to support patients’ self-management (involving patient's
responsibility for managing some aspects of their condition
together with care professionals)
Exclusion Conceptua frameworks and literature reviews Severe cognitive impairments and dysfunctions

Studies focused on technologies that are devel oped for pa-

Aphasia

tients with amore severe cognitive decrease than for MACI

patients

Studies focused on technol ogies and toolsthat are devel oped

for assessment and diagnostic purposes

Studiesthat included participantswith mild cognitiveimpair-

ments but with severe physical dysfunctions

Alzheimer disease

Schizophrenia

Psychotic disorder
Developmental cognitive disabilities

Since MACI isanew term, it was not possible to rely on using
it alone as a keyword. Thus, we expanded our search terms to
include more broad cognitive and traumatic impairmentsto see
if studies on these issues also included technologies relevant
for MACI patients. The search terms cognitive impairment, mild
cognitive impairment, mild acquired cognitive impairment,
traumatic brain injury, mild traumatic brain injury, mild head
injury, mild acquired brain injury, memory disorder, concussion,
post-concussive, and mild acquired cognitive dysfunction
combined with assistive technology, informatics, and
information technology were used (55 search phrasesin total).
All citationswereimported into reference management software
(Endnote X4) to manage bibliographies and references and to
remove duplications. The software also helped to identify and
follow the authors who published relevant articlesin the field.

Using theinclusion and exclusion criteria, theretrieved articles
titles were read by the first author (AE) to eliminate the
irrelevant articles. In the next phase, three authors (AE, JS, and
SK) went through the abstracts and the full text if there was
uncertainty about inclusion. The third author (AB) was also
involved in the selection process in cases where there was
ambiguity for the study from rehabilitation and medical point
of view to make surethat the selection met theinclusion criteria
After final selection, the information was extracted from the
full texts.

Analytical Framework

One strategy for analyzing thefeatures of ICT toolsto determine
how well they fit patient self-management needs is to conduct
the analysis based on current evidence-based practice [26]. In
the absence of well-established clinical guidelinesfor treatment
of MACI patients, we used the ICF checklist to build an

http://www.jmir.org/2012/6/e159/

analytical framework to classify impairmentsthat MACI patients
may have [25]. The ICF offers an international and
interprofessional scientific base for understanding and studying
health and it has been used to understand the ability of ICT to
assist at functional/cognitive, activity, and participation levels.
The ICF checklist is comprehensive; therefore, we also
conducted our analysis on a subset of the ICF checklist
consisting of the most common and important problems for
MACI patients as determined by an MACI expert located in
Sweden (AB). The resulting framework was used to identify
gaps between the features of existing technologies and the
variety of impairments encountered by patients, from the
perspective of health care professionals assisting with
self-management of their condition.

The ICF also provides a checklist of major categories as a
practical tool to elicit and record information on the functioning
and disability of anindividual [25]. These categories arerelated
to the following components: body functions, body structure,
activity and participation, environmental factors, and personal
factors. This original checklist had to be filled by the extent
(severity) of the impairments, difficulties, barriers, and
facilitators. The extent of impairmentsfor some MACI patients
would be mild, for some moderate, and in rare cases, a severe
impairment might be observed in certain aspects[25].

Results

Review of the Literature

A total of 5969 publications were identified by initial keyword
searches and 2075 were eliminated dueto duplication. A further
2370 articleswere excluded after reading thetitles. The abstracts
of 1524 articles were assessed. After exclusion of irrelevant
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articles, 762 articles were reviewed by reading the full text. In
theend, 7 articles met the inclusion criteria. Because MACI is
anew term, there is no standard way of bibliographic indexing
for thisfiled yet, which required the authorsto read the full text
of alarge number of articles. Figure 1 provides an overview of
the journals and databases with numbers of selected and
eliminated articles.

Table 2. General details about the studies that met the inclusion criteria.

Eghdam et al

A total of 7 publications met the inclusion criteria. Table 2
displays the studies and systems names, countries of
implementation or test, year of publication, type of publication,
and references.

The analysis of identified articles showed that 2 of 7 articles
(29%) were authored in the United States, 3 of 7 (43%) in
Europe, and 2 of 7 (29%) in Asia.

Title Project Year Country Type of articles Journal/Conference

Designing acognitiveaid for the Cognitive Aid forthe 2003 United States ~ Conference proceedings Association for Computing

home: a case-study approach. Home Machinery (ACM)’s Specid

[27] Interest Group on Accessible
Computing (SIGACCESS)

Aninteractive assistive system  Mobile Extensible 2003 Germany Conference proceedings SIGACCESS

for prospective memory deficit  Memory Aid System

compensation-architecture and

functionality [28]

A tele-cognitive rehabilitation  --- 2006 Hong Kong Conference proceedings International technical confer-

platform for persons with brain ence of the Institute of Electri-

injuries [29] cal and Electronics Engineers
(IEEE) Region 10, the Asia
Pacific Region

A cooking support system for A cooking support sys- 2009  Japan Conference proceedings The ACM multimedia 2009

peoplewith higher braindysfunc- tem workshop on Multimedia for

tion [30] cooking and eating activities

Persond digital assistant (PDA) Timeand Task Manag- 2010 Spain Conference proceedings Computers Helping Peoplewith

software aimed at improving er (GTT) Special Needs

workplace adaptation for people

with cognitive disabilities [31]

Computer based cognitive train- Computer based cogni- 2010 Greece Conference proceedings Pervasive Technologies Related

ing for patients with mild cogni- tivetraining to Assistive Environments

tiveimpairment (MCI) [32]

Electronicremindingtechnology Electronicreminding 2011 United States  Journa The Journal of Head Trauma

following traumatic braininjury:
effectson timely task completion
(33]

Rehabilitation

http://www.jmir.org/2012/6/e159/
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Figure 1. Flow diagram of the study selection process.

Study Details

Studies identified
ScienceDirect (n=2579)
Pubmed (n=63)

ISI Web of Science (n=85)
|EEE (n=616)
Springer link (n=2338)
ACM (n= 287)
AMED, PEDro, OVID (n= 1)

Sum (n= 5969)

Eghdam et al

A 4

Potentially relevant studies screened
on titles (n=3894)

v

Excluded because of duplication (n=2075)

A 4

Studies retrieved with potentially
appropriate abstracts (n=1524)

Excluded based on title review (n=2370)
e Does not meet inclusion criteria (See Table 1)

A 4

Potentially relevant studies screened
based on full text (n= 762)

Excluded based on abstracts review {n= 762)
e Does not meet inclusion criteria (See Table 1)

v

Studies ultimately included in the
review (n=7)

Excluded based on full text review {(n=755)
e Does not meet inclusion criteria (See Table 1)

Study Type, Methodology, and Level of Evidence

As shown in Table 3, study types were distinguished as
prototypes (early stage of system design that is built to test a

http://www.jmir.org/2012/6/e159/

process, concept, or human interaction to support user-focused
research) or case reports (individual patient or group of patients
have tested/evaluated the system or product). We found the
level of evidence was very low. Of the 7 studies, 5 (71%) had
poor methodologies and did not describe their design process
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and evaluations using arobust methodology. Table 3 illustrates
that patients were involved in the design process in only 2
studies [27,31] and only 1 of them [27] used the actual

Table 3. Study type and research method.

Eghdam et al

user-centered design method [34,35]. Most of the studies were
designed based on existing systems and guidelines and also
considering the requests for such services.

Reference Study type Research method Design process

[27] Prototype devel opment Case study (design and cre- User-centered design

ation)

[28] Case report Exploratory research Design process was not clear (based on existing electronic
memory aid systems and requisites of amemory aid)

[29] Case report Exploratory research Design processwas not clear (cognitive rehabilitation strategies
for problem solving training were implemented with flash
communication software)

[30] Case report Case study (design and cre- Design process was not clear

ation)

[31] Case report (method is not clear) Exploratory research Document review, collection of information about tasks, prob-
lems and needs, prototyping, evaluation, redesign, implementa-
tion. (incremental development)

[32] Case report Exploratory research Not described

[33] Case report Exploratory research Not described

Participants (Patients)

Table 4 shows the demographic information of participantsin
the 7 studies. Most were patients with TBI and MCI, and the
studies fit the criteria of patients with mild to moderate
impairments. One of the identified studies had a more
moderately injured patient as a user where the technology

Table 4. Demographic information about study participants.

described had the potential to be used by MACI patients [29].
In another study, the patient group was somewhat unclear. The
authors described their work as being relevant for dementiaand
problems affecting the elderly in the introduction section, but
the methodology described participantsin the study as 59 MCI
patients [32].

Reference Participants/system users Number of partici-  Severity of cognitiveim-
pants pairment
[27] Mild traumatic brain injury 1 Mild/moderate
[28] Persons with mild to moderate memory problems 9 Mild/moderate
[29] People from Hong Kong, aged from 18 to 55, demonstrated basic attention and 25 Mild/moderate
communication abilities, had gone through inpatient euro-rehabilitation, were medi-
caly stable
[30] 39-year-old femal e, aphasic with cognitive and memory disorders, often had difficulty 1 Moderate
with multistep tasks
[31] Workers with mild cognitive impairment 8 Mild cognitive impair-
ment
[32] Mild cognitive impairment patients 59 Mild cognitive impair-
ment/dementia
[33] Traumatic brain injury patients and self-determined complaints of memory impairment 36 Mild/moderate

Study Features and Functionality

The development and implementation of assistive technologies
in health care is usually intended to improve medical care and
self-management [36]. Thetargeted studieswere selected based
on improving patients independence and supporting their
self-management. After initialy reviewing the studies, there
appeared to be some trends in the functionality included in the
tools. The authors divided this functionality into the following
subcategories as reflected by these trends. improving

http://www.jmir.org/2012/6/e159/

independence, memory, problem solving, working, and task
completion.

All stationary devices were personal computers and mobile
devices were smartphones, personal digital assistants (PDAS)
[37], and/or wearable devices. There was one special prototype
with its own hardware design used as a digita frame.
Considering the number of mobile systems, alarge percentage
of the systems' input methods were through touch screens, but
also buttons, PC input devices, and, in one case, aNintendo Wii
remote [30] (See Table 5).
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Table 5. Study features and functionality.
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Reference  Functionality Improvementaim  Type Setting Technology Interaction Component
type hardware type
[27] Increase individuas Independence Memory aid Mobile Mobile-based  Display (see- A display that
functional indepen- ing) can be mobile
dencein the home envi- or mounted on
ronment by providing wall
time and location based
prompts
[28] To support patients Memory Memory aid Mobile Mobile and Touch Mobile
with deficitsin the Web-based
prospective memory af-
ter abrain injury
[29] Problem-solving skill ~ Problem-solving Rehabilitation Stationary de-  Web-based PCinputde- PC
straining skills vices vices
[30] Cooking support Activitiesof daily =~ Education and Stationary de- Computer based Nintendo Wii  PC
life, Undertaking training vices remote
multiple task
[31] Learning support, ac-  Support in areas Memory aid Mobile Mobile-based  Touch PDA
quiring job skills, risk  such aslearning
prevention tasks, acquiring job
skills, risk preven-
tion
[32] Verba-arithmetic-log-  To investigate the Memory aid Stationary de- Computerbased PCinputde- PC
ic-spatial and memory  effectiveness of a vices vices
exercises computer based
training on visual
spatial abilities, visu-
al attention, execu-
tive function and vi-
sua memory
[33] Producing higher rates  Timely task comple- Memory aid Mobile Mobile-based  Touch PDA
of timely task comple-  tion
tion

Analysis of Functionality Based on Analytical
Framework

All identified studies were analyzed based on the analytical
framework described previously in the methods section. The
identified studies covered a few impairments from the ICF
checklist for MACI patients, but most of the itemsin the ICT
checklist were not addressed by the functionality of any of the

http://www.jmir.org/2012/6/e159/

RenderX

systems that have been published. Figure 2 shows the ICF
checklist and indicates which areas on the checklist correspond
with thefunctionality of toolsincluded in the study. The colored
elements are the subset of the most common and important
problems for MACI patients. The reference number next to
some of the elements (green items) indicates which of the
included studies contain functionality that deals with that
element.
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Figure 2. International Classification of Functioning, Disability and Health (ICF) checklist.

Discussion

One of the most salient findings of the review portion of the
study was that there is a general lack of published studies that
report on the use of ICT to support self-management for MACI
patients. The number of relevant articles found was very low
(7 studies). The small number of studies that met the criteria
for thereview was not aresult of ageneral lack of focus within
the research community on studying ICT tools to aid patients
with cognitive impairment. The problem was rather that a high
number of studies reporting on ICT tools for self-management
of patients with cognitive impairments were developed for
patients with severe impairments, Alzheimer disease, and/or
age-related deficiencies. Patients with MACI have different
needs than these patients and have received far less attention
from the research community.

Functionality Included in the Tools

With respect to the functionality of the tools that did meet the
review criteria, we found the | CF checklist and a subset of the
most common and important problemsfaced by MACI patients,
identified and used by experienced rehabilitation professionals
and MACI medical experts in Sweden, to be valuable as an
analytical framework for investigating how their functionality
meets patient needs and treatment options from the perspective
of hedth care professionals that would assist them in
self-management. All of thetoolsthat met theinclusion criteria
were focused on helping to support patients in managing daily
activities, and all of them met the common and important
problems criteria. This suggeststhat theline of research of tools
to support MACI has been focused on highly relevant problems.
More specificaly, all of the studies helped aid patients with at
least one of 3 things: (1) memory deficits [27,28,31-33], (2)
undertaking multiple tasks at the same time [30], and (3)
problem solving [29].

Although our analysis included health care professionals
perspectives on patients' needs by including MACI experts
experience and knowledgeto identify relevant patient problems
on the ICF checkligt, in the future it would be interesting to
improve the analytical framework by collecting data directly
from patients to see whether thisinformation differs from that

http://www.jmir.org/2012/6/e159/

provided by MACI experts. This could be useful for further
analyzing ICT self-management and treatment tools and for
other aspects of MACI treatment because thisisanew areathat
needs further development. It could also be used as a basis for
considering how to design tools that could be used for
self-management of patients outside of the context of
collaboration with health care professionals that we have
targeted in this paper.

Study Methodology and Evidence of Benefit

Although the studies focused on issues that seemed important
for MACI patients, ageneral limitation with the studiesis that
they did not report eval uations using arobust methodol ogy that
could provide a high degree of evidence on the usefulness of
the tools investigated. We had hoped to be able to provide a
discussion about whether or not the tools that were devel oped
thus far were beneficial for patients. However, the quality of
the studies was so low that it was not possible to do that at this
time,

For example, only 1 study reported an evaluation of a system
that included a control group and the findings were statistically
significant in favor of the group using the tool versus the group
that did not use the tool [32]. The rest of the articles either
reported a case study or were exploratory in nature, and thus
had afocus onidentifying design issuesrather than on providing
clear evidence of benefits to patientsfor the tool being studied.
Although the preliminary results do seem positive for the tools
included in these studies, additional studies are needed to
determine benefits for patients.

Another methodological limitation of the reported studies is
that they often did not describe their own design process very
clearly. In most cases, we could not comprehend the entire
design process utilized. However, one of the studies did report
the utilization of user-centered design methods by developing
a prototype based on patients' preferences as identified during
participatory design, and the system’s capabilities[27]. Thisis
consistent with suggestions that design processes for ICT
servicesthat will be utilized by patients should require usersto
be involved in the design process. Representative users should
actively participate, early and continuously throughout the entire
development process and throughout the system lifecycle
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[38,39]. User-centered design will addressthe challenges about
design approaches in health informatics, usability problems,
visons for further development, and the necessary
improvementsin practical user-centered guidelinesfor designing
ICT tools [40]. In the future, studies should clearly report on
the design methodology and involve the users in the design
process.

Gapsin the Functionality of the Tools

One of the goals of this paper was to identify unexplored
functionality that could be useful for supporting MACI patients
with self-management by finding issues on the subset of
common and important problems taken from the | CF checklist
that did not appear in any of the studies. A total of 34 items
appeared on the subset, but only 4 of these items (13%) were
covered in the functionality of the tools identified during the
study. Therefore, the study indicatesthat thereis much progress
still to be made in the area and that new tools are worth
exploring in order to expand the number of different ways that
MACI patients can be supported with ICT.

The development and evaluation of additional tools provides
the possibility to fill in the gaps for impairments noted in the
ICF checklist that are not covered by the existing tools. The
items on the list are also quite general and the MACI patients
impairmentsarevery individual. Thismeansthat not al patients
with an impairment that qualifies under a specific ICF
subcategory will be able to obtain benefits from all ICT tools
targeting that category.

Areas on the subset of common and important problems that
are not covered by the tools in the study can be viewed as
interesting areas for future investigations. Oneissue that seems
highly relevant, for example, isthat none of the tool s supported
interpersonal interactions and relationships although family
support, social interaction, and relationships with friends, which
are important issues for patients with MACI [13]. It may be
interesting to explore the usage of the Internet and social media
for these purposes [41]. Also, the long-term information
exchange between patient, families, and caregivers, and the
long-term effect of using such technologies and follow-ups are
unexplored areas. None of the studies investigated utilized
Medicine 2.0 [42] (ie, the use of specific Web tools for
supporting and personalizing the health care collaboration and
education) and these are interesting new areas that are being
utilized to support social needs of patients.

Additional |ssues

In addition to looking at how theindividualized needs of MACI
patients not addressed in the reported studies can be supported
in the future, there is also the opportunity to benefit from
investigating how to combine and/or configure different tools
to meet the individualized needs of patients. Although it may
be possible to address avariety of impairments associated with
many different elements on the ICF checklist by one
multifunctional toal, it is likely that multiple useful tools will
be developed and evaluated independently, and that guidelines
for how best to combine different tool sto meet different patient
needs will need to be devel oped.
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Itispossiblethat therewill bealargeroleto play in thisprocess
through the use of open market tools rather than new tools
specifically developed for MACI patients. The impairment of
MACI patientsisusualy limited and they are capable of using
computers, smartphones, and the Internet on their own. There
also isawide range of different applications available on open
market platforms, such as smartphones and tablets, that might
be able to address many of the challenges faced by MACI
patients. Thus, it isinteresting to seeif providing patients with
combinations of open market tools strategically selected to serve
their individualized needs will provide benefits.

In addition to thinking about how the functionality of tools
matches with the |CF checklist and the subset of common and
important problems, there are some other notable issues that
can be taken from the review that can help to guide future
research. One issue, for example, is that the advancement of
development tools and platforms now makes it possible for
developers and software/hardware designers to computerize
existing rehabilitation approaches. However, recent articles
have not exploited this opportunity. It would be interesting to
conduct studies that focus on how existing rehabilitation
frameworks can be adapted to ICT toolsto provide patientswith
improved self-management possibilities.

Limitations

Thisresearch provided an overview of peer-reviewed literature
on this topic and the required design and direction for future
research. However, this research was limited to al published
articles before September 2011 because the reading of alarge
amount of full text was needed due to inconsistent bibliographic
indexing of thisfairly new field of research. We aso might have
missed assistive technologies, system developments, and
implementations that were not published in the scientific
journals, as well as the most recent developments.

Conclusion

In our review of ICT tools that can be used for health care
professionals to support self-management of MACI patients,
only 7 relevant studieswerefound. The existing studies provide
an overview of some ways in which patients can be aided with
memory problems, problem solving abilities, and handling
multiple tasks. However, further studies are needed on how to
support patients with these problems because the methodol ogies
used for eval uating these tool s were insufficient to provide clear
clinical recommendations. The existing studies also did not
describetheir design methodol ogy in detail; future studies could
provide additional value by reporting such details.

Thefunctionality of all of thetoolsthat met theinclusion criteria
for the review fell within the subset of the ICF checklist
consisting of the most common and important problems for
MACI patients. This provides some validation for using these
criteriaas an analytical framework because all the other groups
independently ended up focusing on the same problems that
have been identified by the medical experts. Further efforts to
refine and standardize these criteria are needed because MACI
isanew term and the criteria were developed from only afew
experts in one country.
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In addition to further exploring tools with functionality like there is a large opportunity for the research community to
those in the studiesidentified in the review, thelist of common  investigate improved support for MACI with ICT. In addition
and important problems is useful for highlighting gaps where  to the development of custom tools, evaluation of open market
new tools can be developed to potentially aid patientsin ways toolswould bevaluable, aswell asinvestigating how to combine
not supported by existing tools. There are a large number of multipletools to provide individualized support for patients.
itemsonthelist that are not covered by existing tools. Therefore,
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Abstract

Background: Although web-based interventions for promoting health and health-related behavior can be effective, poor
adherence is a common issue that needs to be addressed. Technology as a means to communicate the content in web-based
interventions has been neglected in research. Indeed, technology is often seen as a black-box, a mere tool that has no effect or
value and servesonly asavehicleto deliver intervention content. In this paper we examine technol ogy from aholistic perspective.
We seeit as avital and inseparable aspect of web-based interventions to help explain and understand adherence.

Objective: This study aims to review the literature on web-based health interventions to investigate whether intervention
characteristics and persuasive design affect adherence to a web-based intervention.

Methods: We conducted a systematic review of studies into web-based health interventions. Per intervention, intervention
characteristics, persuasive technology elements and adherence were coded. We performed a multiple regression analysis to
investigate whether these variables could predict adherence.

Results: Weincluded 101 articles on 83 interventions. The typical web-based intervention is meant to be used once aweek, is
modular in set-up, is updated once aweek, lasts for 10 weeks, includesinteraction with the system and a counselor and peerson
the web, includes some persuasive technology elements, and about 50% of the participants adhere to the intervention. Regarding
persuasive technology, we see that primary task support elements are most commonly employed (mean 2.9 out of apossible 7.0).
Diaogue support and social support are less commonly employed (mean 1.5 and 1.2 out of a possible 7.0, respectively). When
comparing the interventions of the different health care areas, we find significant differences in intended usage (p = .004), setup
(p < .001), updates (p < .001), frequency of interaction with a counselor (p < .001), the system (p = .003) and peers (p = .017),
duration (F = 6.068, p = .004), adherence (F = 4.833, p = .010) and the number of primary task support elements (F =5.631, p=
.005). Our fina regression model explained 55% of the variance in adherence. In this model, a RCT study as opposed to an
observational study, increased interaction with a counselor, more frequent intended usage, more frequent updates and more
extensive employment of dialogue support significantly predicted better adherence.

Conclusions:  Using intervention characteristics and persuasive technology elements, a substantial amount of variance in
adherence can be explained. Although there are differences between health care areas on intervention characteristics, health care
area per se does not predict adherence. Rather, the differences in technology and interaction predict adherence. The results of
this study can be used to make an informed decision about how to design a web-based intervention to which patients are more
likely to adhere.

(J Med Internet Res 2012;14(6):€152) doi:10.2196/jmir.2104
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Introduction

Web-based interventionsfor promoting health and health-related
behaviors are seen in many variations and health care areas.
According to Barak et al. [1] aweb-based intervention is:

...a primarily self-guided intervention program that
isexecuted by means of a prescriptive online program
operated through a website and used by consumers
seeking health- and mental health—related assistance.
The intervention program itself attempts to create
positive change and or improve/enhance knowledge,
awareness, and understanding via the provision of
sound health-related material and use of interactive
web-based components.

A web-based intervention can involve therapy that lasts for a
predetermined, fixed period of time. However, it can also be a
continuous program with no specific end date that supports
self-management among patients with a chronic condition. It
is made up of different, inseparable aspects which, according
to Barak et a [1], are asfollows: program content, multimedia
choices, interactive online activities, and guidance and
supportive feedback.

Evidence exists to support the effectiveness of web-based
interventions. Research has shown these interventions to be
effectivein different areas of health care[2-7]. However, many
evaluations of eHealth interventions report either no positive
effectsat all or only limited ones [8-12]. One of the issues that
is frequently addressed is the problem of non-adherence [11,
13-17], which refers to the fact that not all participants use or
keep using the intervention in the desired way. Research
suggests that non-optimal exposure to the intervention lessens
the effect of these interventions [18, 19]. Gaining an insight
into the factors that influence adherence should therefore be
one of themain focus areasin any research study into web-based
interventions. In this context, it is important to stress the
difference between the terms “adherence” or “non-usage
attrition” and “dropout.” Dropout, or dropout attrition, refers
to participantsin astudy who do not fulfill the research protocol
(eg, filling out questionnaires). Thisis not afocus area of this
study. Adherence, or non-usage attrition, refers to the extent to
whichindividuals experience the content of an intervention [13,
15]. Thisisthe focus of our study.

When looking at literature about adherence to a therapeutic
regimen [20, 21], adherence is seen as the extent to which the
patient’s behavior matches the recommendationsthat have been
agreed upon with the prescriber. The term is often seen as a
reaction to the term “compliance,” which has a more coercive
connotation. Consequently, in adherence, the patient plays an
active role in achieving this behavior [21]. At the same time,
thereisalso anorm or recommendation from aprescriber, which
the patient triesto match. Thisrecommendation ismissing from
the definitions of both adherence and non-usage attrition [13,
15]. In this study, we elaborate on the definition by introducing
the concept of “intended usage.” Intended usage is the extent
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to which individuals should experience the content (of the
intervention) to derive maximum benefit from the intervention,
as defined or implied by its creators. This matches the norm or
recommendation from the definition of adherence to a
therapeutic regimen. By comparing the observed usage of an
individual to the intended usage of a web-based intervention,
we can establish whether or not this individual adheres to the
intervention. In this context, adherence is a process that cannot
be assessed solely by measuring usage at the beginning and end
of the intervention. Rather, it has to be assessed throughout the
entire process to establish whether or not an individual adheres
to the intervention at each and every step of the way. Finally,
by comparing the observed usage of each individual to the
intended usage of the web-based intervention, the percentage
of individualsthat adhere to the intervention can be calculated.
This results in a more objective measurement of adherence,
which can then be compared to other interventions, even if the
intended usage is different.

Adherence to web-based interventions has been the subject of
research for some time. Many studies focus on whether and
which respondents’ characteristics can explain variations in
adherence [11, 13, 16, 22]. Although this is a very important
line of study, it seems to take the technology of web-based
interventions for granted. Technology as a means to
communicate the content has been neglected in research. Indeed,
this technology is often seen as a black box: a mere tool that
has no effect or value and serves only as a vehicle for the
delivery of intervention content. In line with arecent viewpoint
paper, we propose to examine the technology from a holistic
perspective and see it as a vital and inseparable aspect of the
web-based intervention [12]. This approach has been
recommended in recent literature [10, 11, 13, 23] and has been
the key point in the field of persuasive technology [24], where
there are examples of studies on the persuasive capacities of
technology to support web-based interventions in the health
care domain [25-28].

Recently, two systematic reviews on the influence of
intervention factors on adherence to web-based interventions
were published [29, 30]. Although both reviews provide valuable
insights, we feel that there are shortcomings that limit the
applicability of theseresultsfor our objectives. First, with regard
to adherence, the study of Brouwer [29] takes exposure to
interventions delivered viatheinternet asthe outcome measure.
Exposure is seen as the number of times the user or patient
logged on, the time spent on site, page views, etc, but these are
static measurements unrelated to the usage intended by these
interventions. This gives limited insights into the process of
usage and adherence, which makes it difficult to compare
different interventions and specify how well certain interventions
aredoing. A review by Schubart [30] fail sto distinguish between
dropout and adherence. This approach limits the applicability
of theresults because, in real-lifeimplementation of web-based
interventions, there is no research protocol to adhere to, only
the intervention. The results of Schubart’s review [30] cannot
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be generalized to these situations because we do not know
whether engagement is due to the research or the intervention.

Furthermore, regarding the intervention factors, both studies
use an ad hoc classification of these factors without atheoretical
foundation, which makes it difficult to generalize and explain
the results. We consider aweb-based intervention as consisting
of content, interaction, and technology. And, athough these
aspects are inseparable, they can be looked at in a structured
manner. Both earlier reviews use a classification that, in our
opinion, has substantial overlap in the goalsto be achieved with
these aspects. For example, in the review by Brouwer [29], a
digtinction is made between interactive behavior change
strategies and interactive elements. It is stated that the goal of
interactive elements is to “improve the attractiveness of the
intervention or to provide the option for moreinformation,” but
thisis not mutually exclusive with interactive behavior change
strategies. For example, aquiz is seen asan interactive el ement,
but in our opinion it can also be used as a means of receiving
tailored feedback or as a way to self-monitor your knowledge
or behavior. Allocating a quiz to one of these categories is
therefore problematic. The categorization of intervention factors
in the review by Schubart [30] lacks depth and tries to
encompass in one single categorization both modality (ie, the
channel through which content is delivered; for example, email
or telephone) and strategy (eg, feedback).

The current study attempts to overcome these shortcomings by
employing a more objective and comparable measurement of
adherence to web-based interventions and a classification of
technology based on persuasive technology literature.

Fromthefield of persuasivetechnology welearn that technology
has the capacity to be persuasive through its role as a tool, a
medium, and a creator of experiences [24]. Fogg's definition
of persuasive technology limits this field to human-computer
interaction and does not include computer-mediated
communication (ie, including interaction with a person).
However, we fedl that it is unnecessary and undesirable to
separate these two aspects of technology, particularly in the
area of health care, because a web-based intervention is made
up of different, inseparable aspects. We therefore propose a
broader application of the term “persuasive technology” to
include both human-computer interaction and
computer-mediated communication. Accordingly, regarding
the aspects of a web-based intervention, we propose a more
pragmatic conceptual division between technology (ie, all the
features of the web-based intervention, including multimedia
and online activities) and interaction (ie, al interactions between
the user or patient and the intervention, a counselor, or peers),
which isdlightly different from the aspects proposed by Barak.

http://www.jmir.org/2012/6/e152/

Kelders et al

Following Fogg's work, Oinas-Kukkonen introduces a
framework to classify technology in its persuasive functions
[31]. This persuasive system design (PSD) model, which is
used, for example, in a study by Lehto and colleagues [32],
classifies features of the technology as primary task support,
dialogue support, socia support, and credibility support. By
applying this model to web-based interventions, we can
systematically look at how persuasive system design categories
are used and investigate their possible influence on adherence.

This study investigates whether intervention characteristicsand
persuasive design affect adherence to aweb-based intervention.
Web-based interventions are applied in various hedth care
domains and intuitively it seems that there are differences
between web-based interventions aimed at peoplewith achronic
condition, at lifestyle change, or at mental health, because of
the target group, involvement with a health care professional,
and duration of the interventions. However, the underlying
principles may well bethe same. Therefore, from anintervention
perspective, thereis no absolute need to seethese areas asbeing
so different from each other that they cannot be compared.
Consequently, it isinteresting to see whether the preconceptions
about the differences can be confirmed and whether there is
added value for researchers and designers in one area to look
at interventions from a different area.

Our systematic review aims to answer the following research
questions: (1) What are the key characteristics of web-based
interventions in terms of technology and interaction? (2) Are
there any differences in intervention characteristics between
web-based interventions aimed at chronic conditions, lifestyle,
or mental health? (3) What percentage of participants adhereto
web-based interventions? (4) Which characteristics of web-based
interventions related to technology and interaction are linked
to better adherence? These insights can help us understand and
reduce the impact of non-adherence.

Methods

Search Strategy

We conducted a comprehensive literature search using the
following bibliographic databases: Web of Knowledge,
EBSCOhost, PiCarta, SciVerse Scopus, and ScienceDirect. We
used a combination of the constructs “web-based,
“intervention,” “adherence,” and “health.” For each construct,
we used several keywords (see Multimedia Appendix 1) to
ensure a broad coverage of published studies in our review.
Following this search strategy, we identified 14,264 articles
published up to 2011 Oct 26 (see Figure 1 for the full flow
diagram of article selection).
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Figure 1. Flow diagram of study selection.
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Eligibility Criteria

The review is limited to studies of web-based interventionsin
the health care domain. The criteria used for including a study
were: (1) it involved a web-based intervention for promoting
health through behavioral change; (2) the web-based intervention
was intended to be visited and used on more than one occasion;
(3) the research included an assessment of the effect of the
intervention; (4) the study reported objective, quantifiable
measurements of usage for the intervention; and (5) the study
was published in either English or Dutch. Exclusion criteria

http://www.jmir.org/2012/6/e152/

RenderX

were as follows: (1) dropout attrition and non-adherence were
indistinguishable; (2) the intervention was aimed at care
providersor relatives of the“ patient;” (3) the description of the
intervention did not include information about the applied
persuasive features of the technology; and (4) the web-based
intervention was not primarily intended to be used through a
computer or laptop at the user’s or patient’s home. In addition,
we only included peer-reviewed, published articles.
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Study Selection and Data Collection

The study selection was done in three steps. First, the titles of
all retrieved articleswere screened for eligibility by two authors
(SK and RK). Second, the abstracts of al initialy relevant
articles were screened for eligibility by the same authors.
Finally, the full text of al remaining publications was checked
for inclusion by two authors (SK and RK or SK and vG). In
cases where the suitability of astudy cameinto question during
one of the steps, it wasincluded in the next step. Disagreements
about including the full text publication were discussed until
agreement was reached. To check whether any €ligible
publications had been overlooked during the initia search
process, the reference lists of all systematic reviews that were
identified inthe original search were checked to find additional
publications that met our inclusion criteria.

The characteristics of al of theinterventionsthat wereincluded
were coded by two researchers (SK and RK) using a data
extraction form based on a protocol for the systematic review
of eHealth technologies[33]. Where possible, datawas extracted
using the CONSORT-EHEALTH checklist [12]. For the
extraction, we relied on information that was available in the
published literature. The basis of the data extraction was the
intervention, not the study itself. This meant that for some
interventions data from more than one article was used.
Furthermore, when astudy described more than one web-based
intervention (eg, acomparison of two web-based interventions),
all web-based interventions were coded separately.

Data Items
The following characteristics were coded:

I ntervention Name

The name of the intervention was recorded. If the intervention
had no name, the intervention was named after the first author
of the primary article about the intervention.

Behavior or Condition

The targeted behavior or condition of each intervention was
recorded. Furthermore, we recorded the area of health care
targeted by the intervention (chronic condition, lifestyle, or
mental health).

Studies and Study Design

For each intervention, the studies that were used to code the
characteristics of the intervention were recorded. Furthermore,
we also recorded whether these studies were randomized
controlled trials (RCTs) or observational studies without
randomized control groups.

I ntended Usage

Intended usage was defined as the extent to which the devel opers
of the intervention felt that the intervention should be used to
achievethe desired effect ([12] 5ix). When thisinformation was
not reported, it was inferred from the description of the
intervention. For example, interventions requiring patients to
monitor their behavior and receive feedback once a week to
achieve the desired effect were coded as intended to be used
once aweek.
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Actual Usage

All reported information regarding the usage of theintervention
(related to its intended usage) was collected, including the
number of times the user or patient logged on and the number
of modules completed ([12] 6aii).

Adherence

A percentage of adherence was calculated to enable us to
compare the different interventions. We did this by calculating
the percentage of participants that adhered to the intervention.
For example, when the intended use of an intervention was
“complete 8 modules” and 60 out of 100 participants completed
8 modules, the adherence was 60%. For each intervention that
wasincluded, we calculated one overall adherence percentage.
When more studies about the same intervention yielded different
adherence percentages, we calculated the overal adherence
percentage using a weighted average, based on the number of
participantsin each study. Furthermore, when the study included
awaiting list and the respondents in this waiting list received
access to the intervention at a later stage, the adherence was
calculated based on usage data for al participants, including
the waiting list group.

Updates

Thefregquency of content updatesfor the web-based intervention
for a participant was recorded. This could be based on new
information being uploaded for all participants or on a new
lesson becoming available for a specific participant.

Duration
The duration of the intervention in weeks was recorded.

Setup

For each intervention, we created a record indicating whether
the setup was modular (ie, content is delivered in a sequential
order, whereby new content is made available when the user
reaches a certain point) or free (ie, all the content of the
intervention is available to the user from the start).

I nteraction

All information about the interaction with participants was
recorded ([12] 5viii, 5x, and 5xi). Thisinteraction could be with
the system (eg, automatic email reminders or a web-based
automated response to filling out an exercise), with acounselor
(eg, through email, telephone, or face-to-face meetings), or with
peers (eg, through adiscussion board, chat group, or face-to-face
group sessions).

Modality

We recorded when interaction with the system, counselor, or
peers took place through a different modality than web-based
(face-to-face meeting, telephone, or SMS). An exception was
made when the study protocol included a face-to-face meeting
or telephone intake. This was not coded as interaction through
a different modality because it was not part of the actual
intervention.

Persuasive Technology in the I ntervention
The applied principles of persuasive technology within the
interventions were coded according to the PSD framework of

JMed Internet Res 2012 | vol. 14 | iss. 6 €152 | p.21
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Oinas-Kukkonen and Harjumaa [31]. We omitted system
credibility support because of an observed lack of reporting of
these principlesin the studies that wereincluded. The elements
from the PSD framework on primary task, dialogue, and social
support, with the definitions and the coding scheme we used,
are presented in Table 1. The coding scheme is somewhat
modified for the purpose of this study and to account for the
computer-mediated communication included. However, when
coding the persuasive technol ogy elements, the technology was
central, not the content of the interaction. Therefore, when
computer-mediated communi cation was present, the content of
this communication was not coded as persuasive technology.
For example, when a feedback message from a care provider
contained praise, thiswas not coded as dial ogue support. When
the technology provided a praising message after the user had
successfully filled out adiary entry, then it was coded. For each
intervention, the elements that were present were coded,
irrespective of whether the designers of the intervention
deliberately included these elements as persuasive technology
elements. To check for differencesin interpretation when coding
the persuasive technol ogy elements, 10 interventionswere coded
by 2 researchers (SK and LvG). The interrater reliability,
measured by Cohen’s kappa, was 0.91.

Analyses

All data on each intervention was entered in SPSS version 19.0
(IBM Corporation, Somers, NY, USA), and we treated each
intervention as a separate case. Descriptive data of the combined
dataof all included interventionson all variableswere calculated
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using SPSS. Differencesin variables between health care areas
were calculated using Fisher’'s exact tests (because of the small
expectation values) and one-way analyses of variance. To
investigate whether the characteristics of the included
interventions could predict the observed adherence, we
performed a hierarchical multiple linear regression analysis,
using a block-wise “enter” method. Thefirst block was related
to the context of the web-based intervention and included the
health care area (coded as dummy variables) and the study
design (RCT vs observational), which other researchers have
proposed to influence adherence or the effect of web-based
interventions[7, 29, 34]. The second block relatesto our concept
of interaction as one of the aspects of aweb-based intervention
and consists of the frequency of interaction with a counselor,
the system, and peers, as well as the modality employed. The
third and fourth blocks relate to our concept of technology in a
web-based intervention, where the third block contains the
intervention characteristicsintended usage, setup, updates, and
duration, and thelast block containsthe categories of persuasive
system design. It is important to note that we chose to include
the categories, and not the separate elements in the multiple
regression, because (1) the results could be biased when some
elements are hardly used and these elements are entered as
predictors; (2) entering all 21 elements increases the chance of
atypel error; and (3) the PSD model has grouped the elements
ontheir key benefits (when the benefits of the specific elements
in a category are similar, then looking at the specific elements
could cause the overall influence of the category to be missed).
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Table 1. PSD framework elements coding scheme.
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Principle and definition according to PSD framework [31]

Coded as element included when
the web-based intervention:

Example

Primary Task Support
Reduction

Tunneling

Tailoring

Personalization

Self-monitoring

Simulation

Rehearsal

Dialogue Support

Praise

Rewards

Reminders

Suggestion

A system that reduces complex
behavior into simpletaskshelps
users perform the target behav-
ior, and it may increase the

benefit/cost ratio of abehavior.

Using the system to guide users
through a process or experience
provides opportunities to per-
suade along the way.

Information provided by the
systemwill be more persuasive
if itistailored to the potential
needs, interests, personality,
usage context, or other factors
relevant to a user group.

A system that offers personal -
ized content or serviceshasa
greater capability for persua-
sion.

A system that keeps track of
one's own performance or sta-
tus supports the user in achiev-
ing goals.

Systems that provide simula-
tions can persuade by enabling
users to observe immediately
the link between cause and ef-
fect.

A system providing meanswith
which to rehearse a behavior
can enable people to change
their attitudes or behavior inthe
real world.

By offering praise, a system
can make users more open to
persuasion.

Systems that reward target be-
haviors may have great persua-
sive powers.

If a system reminds users of
their target behavior, the users
will more likely achieve their
goals.

Systemsoffering fitting sugges-
tions will have greater persua-
sive powers.

Specificaly dividesthe target behav-
ior into small, smple steps

Delivers content in a step-by-step
format with a predefined order

Provides content that is adapted to
factors relevant to a user group, or
when acounsel or provides feedback
based on information filled out by
a participant

Provides content that is adapted to
one user (ie, the name of the user is
mentioned and/or the user can adapt
apart of the intervention)

Provides the ahility to track and
view the user’s behavior, perfor-
mance or status

Provides the ability to observe the
cause-and-effect relationship of rel-
evant behavior

Providesthe ability and stimulation
to rehearse abehavior or to rehearse
the content of the intervention

Offers praise to the participant on
any occasion

Offers some kind of reward when
the participant performsatarget be-
havior relating to the use or goal of
theintervention

Provides reminders about the use of
the intervention or the performance
of target behavior

Provides a suggestion to help the
participants reach the target behav-
ior

A web-based intervention for weight
management includes adiary for
recording daily caorieintake, thereby
dividing the target behavior (reducing
caorieintake) into small, simple steps
of which oneisrecording caloriein-
take

A web-based intervention for the
prevention of depression that delivers
the content in sequential |essons that
can only be accessed when the previ-
ous lesson is completed

A web-based intervention for support-
ing self-management among patients
with diabetes provides information
adapted to patients based on whether
they have diabetes mellitustype | or
I

A web-based intervention for increas-
ing physical activity allows usersto
choose whether they want to seetheir
weekly activity score on the home
page or not

A web-based intervention for the
treatment of alcohol dependence pro-
videsadiary to track and view daily
alcohol use

A web-based intervention for smok-
ing cessation includes a calculator
that shows how much users will save
when they quit smoking

A web-based intervention for support-
ing self-management in patients with
epilepsy starts each lesson with the
same important exercise for stress-
management

A web-based intervention that aims
to promote healthy nutritional habits
compliments participants when they
have eaten 2 pieces of fruit for 5 days

A web-based intervention for the
treatment of social phobiagives
points to participants when they en-
gage in exposure exercises

A web-based intervention to support
self-management among patientswith
rheumatic arthritis sends an automatic
email message to remind the partici-
pant that the new lesson may begin

A web-based intervention for weight
management provides low-calorie
recipes
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Principle and definition according to PSD framework [31]

Coded as element included when
the web-based intervention:

Example

Similarity

Liking

Social role

Social Support
Social learning

Socia comparison

Normative influence

Social facilitation

Cooperation

Competition

Recognition

People are more readily per-
suaded through systems that
remind them of themselvesin
some meaningful way.

A systemthat isvisually attrac-
tivefor its usersislikely to be
more persuasive.

If asystem adoptsasocial role,
userswill morelikely useit for
persuasive purposes.

A personwill be more motivat-
ed to perform atarget behavior
if (s)he can use a system to ob-
serve othersperforming the be-
havior.

System users will have a
greater motivation to perform
the target behavior if they can
comparetheir performancewith
the performance of others.

A system can leverage norma-
tive influence or peer pressure
to increase the likelihood that
aperson will adopt atarget be-
havior.

System usersare morelikely to
perform target behavior if they
discern viathe system that oth-
ersare performing the behavior
along with them.

A system can motivate usersto
adopt atarget attitude or behav-
ior by leveraging human be-

ings' natural driveto cooperate.

A system can motivate usersto
adopt atarget attitude or behav-
ior by leveraging human be-

ings' natural drive to compete.

By offering public recognition
for anindividua or group, a
system can increase the likeli-
hood that a person/group will
adopt atarget behavior.

Is designed to look familiar and de-
signed especially for the participant

Isvisually designed to be attractive
to the participants

Actsasif it hasasocia role (eg, a
coach, instructor, or buddy)

Providesthe opportunity and stimu-
|ates participantsto see othersusing
the intervention or performing the
target behavior

Providesthe opportunity for partici-
pants to compare their behavior to

the target behavior of other partici-
pants and stimulatesthem to do this

Provides normative information on
the target behavior or the usage of
the intervention

Provides the opportunity to see
whether there are other participants
using the intervention

Stimulates participants to cooperate
to achieve atarget behavior

Stimulates participants to compete
with each other to achieve atarget
behavior

Prominently shows (former) partici-
pants who adopted the target behav-
ior

A web-based intervention for the
treatment of panic disorder in teenage
girlsexplainsthe exercises through a
teenage girl with panic problems

During the design of aweb-based in-
tervention to increase physical activi-
ty in middle-aged women, arepresen-
tative group is asked for feedback on
the design and their feedback is sub-
sequently incorporated in the new
design

A web-based intervention to support
salf-management among patientswith
migraine incorporated an avatar to
guidethe participant through theinter-
vention

A web-based intervention for weight
management providesthe option, and
stresses the importance, of posting
physical activity self-monitoring data
on thediscussion board and comment-
ing on the performance of others

A web-based intervention for drug
abuse prevention for teenagers auto-
matically compares the response of
the participant to other users of the
intervention

A web-based intervention to promote
self-management among patientswith
COPD providesfeedback on thelevel
of physical activity of the participant
by comparing it to the physical activ-
ity of well-managed COPD patients

A web-based intervention for smok-
ing cessation includes a discussion
board for users of the intervention

A web-based intervention for the
promotion of physical activity stimu-
|ates participants to form groups and
to achieve the group goal of acertain
number of steps each week

A web-based intervention for diabetes
management among children includes
aleaderboard in which the children
who enter blood glucose levels at the
right times receive the highest place

A web-based intervention treatment
of anxiety includesatestimonial page
where successful usersof theinterven-
tion tell their story
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Results

Study Selection

The search yielded 7345 uniquetitles. After title, abstract, and
full-text screening, 101 articles on 83 interventions were
included (Figure 1). In total, 315 articles were excluded based
on the full text. The most common reason for exclusion was
related to usage data: the lack thereof (n = 84) or the presentation
of inadequate (ie, subjective or not usable for calculating
adherence) usage data (n = 78). Other studies were excluded
based on the studied intervention: not aimed at health promotion
by changing behavior (n = 40); not primarily meant to be used
from a computer or laptop at the user’'s home (n = 41); not
intended to be visited and used on more than one occasion (n
= 34); or not targeted at the patient (n = 3). Twenty-seven
publications were excluded because the study design did not
include an assessment of the effect of theintervention (eg, when
they only presented qualitative data on the design of an
intervention) or when the study design did not provide unique
usage data (eg, a study about the long-term effects of an
intervention). Seven publications were excluded because of the
description of the intervention or study: in 4 publications no
information could be gathered on the applied persuasive features
of the technology from the description of the intervention and
in 3 publications the data on the number of participants and
their usage of the intervention was unclear. Finally, in the case
of one citation, the full text could not be retrieved; this citation
was therefore excluded.

Characteristics of the Studiesthat Were I ncluded

The 83 interventions that were included are presented in
Multimedia Appendix 2. Overall, 19 interventions targeted a
specific chronic condition (diabetes was targeted most often
with 6 interventions). Sixteen interventions targeted a lifestyle
behavior (weight management was targeted most often with 7
interventions). Smoking cessation was also often seen (5
interventions were targeted solely on smoking cessation and 1
intervention included smoking cessation as one of multiple
targeted behaviors). Finally, mental health was targeted most
oftenin the studiesthat wereincluded. Of these 48 interventions,
12 focused on socia phobia, although it should be noted that
these interventions are only from two research groups that
extensively studied their interventions. Depression, panic
disorder, and anxiety were aso targeted frequently in the
interventions that we included (10, 8 and 7 interventions,

respectively).

Table 2 presents an overview of the variables of the
interventions that were coded and their distribution over the
different areas (chronic condition, lifestyle, and mental health).
Overall, we can see that most interventions were meant to be
used once aweek, were set up in amodular way, were updated
once aweek, and lasted for approximately 16 weeks (median
duration 10 weeks). Face-to-face, telephone, and SM S support,
or acombination of these modes, were infrequently used, with
4 interventions combining face-to-face and tel ephone support
(interventions 3, 10, 33, and 72) and 2 interventions combining
telephone and SMS support (interventions 24 and 81).
Seventy-six per cent of the interventions included interaction
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of the participant with a counselor, and a similar percentage
(73%) included some form of interaction with the system. A
little over half of the interventions (53%) included interaction
with peers, with and without counsel or interaction. The average
percentage of participants who adhered to an intervention is
50.3% (min 1%; max 93%). The values of each of the variables
for each included intervention can be found in Multimedia
Appendix 3.

Differencesin I ntervention Characteristics between
Health Care Areas

When comparing the interventions of the different health care
areas using Fisher's exact tests, we find significant differences
on intended usage (P = .004), setup (P< .001), updates (P <
.001), frequency of interaction with a counselor (P < .001), the
system (P = .003), and peers (P = .017). When looking at the
standardized residual s (data not shown), we can see where these
differences are manifested. We see that lifestyle interventions
are more often intended to be used |ess than once a month than
interventions in the other areas. We see that mental health
interventions are less often free in terms of their setup than the
other two areas. Lifestyle interventions are more often not
updated or updated without a known frequency. Regarding
interaction with a counselor, we see that lifestyle interventions
more often do not employ thisfeature. Furthermore, we seethat
lifestyleinterventions more frequently include interaction with
the system less than once a week. Finally, on interaction with
peers, chronic interventions more often have interaction for
which the frequency is not specified. One-way analyses of
variance show that there are differencesin duration (F = 6.068,
P =.004) and adherence (F = 4.833, P =.010). Bonferroni post
hoc analyses show that the difference in duration is between
lifestyle and mental health interventions (lifestyle interventions
are longer), whereas the difference in adherence is between
lifestyle and chronic condition interventions and between
lifestyle and mental health interventions (lifestyle interventions
have alower adherencerate). In sum, lifestyleinterventionsare
longer, the intended usage is less frequent, they have fewer
updates, thereislessinteraction with the system and acounselor,
and thereislower adherence than interventions aimed at chronic
conditions and mental health. Mental health interventions are
lessoften freein their setup and interventions aimed at achronic
condition include interaction with peers more often, for which
the frequency is not specified.

Per suasive Technology

When examining the persuasive technology elements that are
presented in Table 3, we see that a mean of 5.6 (median 5) out
of a possible 21 elements were used within a web-based
intervention. Primary task support shows the highest mean (2.9
out of a possible 7; median 3), while social support shows the
lowest mean (1.2 out of a possible 7; median 1). One-way
analyses of variance show that there is a significant difference
between the use of persuasive technology elementsfor primary
task support (F = 5.631, P = .005). A Bonferroni post hoc
analysis shows that this difference is between lifestyle and
mental health interventions, wherelifestyleinterventionsemploy
a higher mean of elements than mental health interventions.
Furthermore, we can seethat in primary task support, tunneling
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is used most often (n = 75; 90%), closely followed by tailoring
(n=73; 88%). Tunneling is used in all included mental health
interventions, but only in 10 (63%) of lifestyle interventions
(dgnificant difference; P <.001). Reduction and self-monitoring
are less often used in mental health interventions than in the
other areas (significant difference reduction, P = .033; and
self-monitoring, P < .001). This is most strikingly seen in
self-monitoring, which isused in 94% of lifestyleinterventions,
as opposed to 12% in the mental health interventions. Overall,
rehearsal and simulation are used least of all out of the primary
task support elements. From the dialogue support elements,
reminders are most often used (n = 61; 74%) across all areas.
Suggestion isthe second most frequently used element (n = 24;
29%), dthough this is used more often in web-based
interventionstargeted at chronic conditionsthan in mental health
(P =.008). Praise was not used in any of the interventions and
rewards were used only in 3 interventions. In social support,
we seethat social facilitation is most often used (n = 43; 52%),
with a significant difference between interventions aimed at a
chronic condition (n = 14; 74% including social facilitation)
and at lifestyle (n = 5; 31%; P = .046). Furthermore, social
learning and social comparison are used reasonably frequently
(respectively n=31; 39% and n = 14; 17%), with mental health
i nterventions predominantly contributing to these numbers (with
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a significant difference only for socia learning: P = .044).
Cooperation, on the other hand, is used in 2 lifestyle
interventions and 1 chronic intervention, but in none of the
mental health interventions (significant difference; P = .041).
The other elements (normative influence, competition, and
recognition) are hardly used. In sum, primary task support is
most extensively employed while dialogue support and social
support are sparsely employed. Tunneling, tailoring (primary
task support), reminders (dialogue support), and socia
facilitation (social support support) are the most frequently used
elements. On average, lifestyle interventions employ more
primary task support elementsthan mental health interventions.

Predictors of Adherence

We performed a hierarchical multiple linear regression, using
a block-wise “enter” method, to explore the predictors of
adherence. Variabl es expected to predict adherence were entered
in the analysis in blocks of related constructs, as specified in
the methods section. The fina model explained 55% of the
variancein adherence. Inthismodel, interventions studied with
a RCT design (instead of an observational study), increased
interaction with a counselor, more frequent intended usage,
more frequent updates and more extensive employment of
dialogue support significantly predicted better adherence.
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Table 2. Descriptive variables of theincluded interventions per health care area

Variable Chronic Lifestyle Mental Total
(N =19), (N =16), (N =48), (N =83),
n (%) n (%) n (%) n (%)
Intended usage <= 1/month 1(5) 3(29) 1(2 5(6)
Ymonth — L/week 4(21) 4(25) 2(4) 10(12)
Lweek 13 (68) 6(38) 40 (83) 59 (71)
>1/week 1(5) 3(3) 5(10) 9(11)
Setup Free 5 (26) 10 (63) 1(2) 16 (19)
Modular 14 (74) 6 (38) 47 (93) 67 (81)
Updates None 1(5) 531 1(1) 7(8)
yes, FNS® 0(0) 2(13) 0(0) 2(2)
<= 1/month 2(11) 1(6) 1(2 4 (5)
L/month — Liweek 3(16) 1(6) 3(6) 7(8)
1/week 12 (63) 6(39) 42 (88) 60 (72)
>1/week 1(5) 1(6) 1(2 3(4)
Duration (weeks) mean (sd) 18.2 (15.8) 20.8 (33.9)° 11.1(18.5) 15.8 (18.5)
Median 11 17 9 10
Interaction with counselor None 2(11) 8 (50) 10 (21) 20 (24)
yes, FNS 3(16) 3(19) 2(4) 8(10)
<1/week 5 (26) 3(19) 2(4) 10 (12)
Lweek 7(37) 2(13) 23 (489) 32(39)
>1/week 2 (011 0(0) 11(23) 13 (16)
Interaction with system None 7(37) 1(6) 14 (29) 22 (27)
yes, FNS 6(32) 1(6) 3(6) 10 (12)
<1/week 1(5) 5(31) 2(4) 8(10)
Lweek 2(11) 6 (38) 14 (29) 22 (27)
>1/week 3(16) 3(19) 15 (31) 21(25)
Interaction with peers none 5 (26) 10 (63) 24 (50) 39 (47)
yes, FNS 10 (53) 4(25) 10 (21) 24(29)
<1/week 2(11) 0(0) 1(2 3(4)
Lweek 1(5) 2(13) 13 (27) 16 (19)
>1/week 1(5) 0(0) 0(0) 1(1)
Face-to-face included 3(16) 1(6) 1(2 5(6)
Phone included 7 (37) 531 17 (35) 29 (35)
SMS included 0(0) 2(13) 5 (10) 7(8)
Adherence mean (sd) 55.3 (19.8) 32.8(23.0) 54.2 (27.4) 50.3 (26.2)

@8NS = Frequency not specified:; b Based on 13 interventions. Three interventions (23, 26, and 27) did not specify duration.
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Variable

Chronic

Lifestyle(N =

Mental(N = Total(N = a

(N=19),n(%) 16 48), 83), ]
n (%) n (%) n (%)
Primary Task Support mean (sd) 3.3(1.0) 34(1.3) 2.6 (1.0) 2911
median 4 35 2 3
Reduction 10 (53) 10 (63) 14 (29) 34 (41) .033
Tunndling 17 (90) 10 (63) 48 (100) 75 (90) <.001
Tailoring 16 (84) 14 (88) 43 (90) 73(88) 814
Personalization 4(21) 2(13) 3(6) 9(11) .209
Self-monitoring 12 (63) 15 (94) 12 (12) 39 (47) <.001
Simulation 2(11) 3(19) 2(4) 7(8) 118
Rehearsal 1(5) 1(6) 0(0) 2(2) 175
Dialogue Support mean (sd) 1.6 (1.0) 1.4(1.3) 1.6 (0.9) 15(1.0
median 2 1 1 1
Praise 0(0) 0(0) 0(0) 0(0)
Rewards 0(0) 2(13) 1(2 3(4) 134
Reminders 13 (68) 11 (69) 37(77) 61 (74) 656
Suggestion 11(58) 4(25) 9(19) 24 (29) .008
Similarity 4(21) 1(6) 16 (33) 21 (25) .088
Liking 2 (11) 4(25) 8(17) 14 (17) 561
Social role 1(5) 0(0) 4(8) 5(6) 819
Social Support mean (sd) 1.1(0.7) 0.8 (0.9) 13(1.2) 1.2(1.0)
median 1 0.5 1 1
Socid learning 5(26) 3(19) 24 (50) 31(39) .044
Socia comparison 1(5) 1(6) 12 (25) 14 (17) .088
Normative influence 0(0) 0(0) 1(2) 1(1) 1.000
Social facilitation 14 (74) 5(31) 24 (50) 43 (52) .046
Cooperation 1(5) 2(13) 0(0) 3(4) .041
Competition 0(0) 1(6) 0(0) 1(1) 193
Recognition 0(0) 1(6) 2(4) 3(4) 767
Total mean (sd) 6.0(2.2) 5.6 (2.5) 5.4 (2.0) 5.6(2.1)

@Based on Fisher's exact test. Note: resultsinitalics are the mean (sd) and median number of elements used per intervention. Other results are presented

as the number (%) of interventions that include a certain element.
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Table 4. Predictors of adherence in ahierarchical multiple linear regression.

Step Variable B SEB Beta P

1 Constant 0.40 .06 <.001
Chronic 0.04 .07 .07 .55
Lifestyle -0.17 .08 -25 .025
Study design 0.18 .06 .30 .007

2 Constant 0.25 .09 .006
Chronic 0.07 .07 -11 .34
Lifestyle -0.11 .08 -.16 17
Study design 0.16 .07 .28 .014
Freq. interaction with counselor 0.04 .02 .28 .055
Freg. interaction with system 0.01 .02 .03 .79
Freq. interaction with peers 0.01 .02 .05 .63
Phone 0.09 .06 .16 17
Face-to-face -0.08 a2 -.08 48
SMS 0.04 .10 .04 .69

3 Constant -0.04 21 .85
Chronic 0.08 .07 13 .26
Lifestyle -0.07 .09 -.09 A7
Study design 0.18 .06 .30 .005
Freq. interaction with counselor 0.02 .02 12 31
Freg. interaction with system -0.02 .02 -.09 42
Freq. interaction with peers 0.01 .02 .05 .60
Phone 0.13 .06 .26 .027
Face-to-face -0.08 A1 -.08 47
SMS 0.02 .09 .03 .81
Intended usage 0.09 .05 .23 .057
Setup -0.15 11 -22 .18
Updates 0.10 .03 43 .004
Duration -0.00 .00 -.06 .63

4 Constant -0.12 19 51
Chronic 0.08 .06 14 .20
Lifestyle -0.04 .08 -.01 .96
Study design 0.15 .06 .26 .008
Freq. interaction with counselor 0.04 .02 22 .039
Freg. interaction with system -0.04 .02 -.22 .058
Freq. interaction with peers -0.03 .03 -15 .34
Phone 0.05 .06 .10 .37
Face-to-face -0.10 .10 -.10 31
SMS 0.02 .08 .02 .85
Intended usage 0.11 .04 .27 .014
Setup -0.16 .10 -.23 11
Updates 0.09 .03 40 .002
Duration -0.00 .00 -.02 .88
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Step Variable B SEB Beta P
Primary task support -0.02 .03 -11 41
Dialogue support 0.09 .03 .36 .006
Social support 0.07 .04 .27 .095

Note R?=.14 for step 1 (P =.08); ARP = .10 for step 2 (P = .16); ARP = 15 for step 3 (P = .006); ARP = 15 for step 4 (P < .001); cumulative variance

explained in the final (step 4) model: R%= 55 (P<.001)

Discussion

In this systematic review, we have attempted to synthesize the
combined knowledge of eHealth researchers to gain insights
into the factorsthat affect adherence to web-based interventions
in the areas of chronic conditions, lifestyle, and mental health.
In this study, we viewed technology from a theoretical
perspective and conceived adherence as an objective
measurement that allows for comparison between different
interventions.

Principal Results

We included 101 publications describing research into 83
interventions. Mental health interventions (n = 48) constituted
the largest part of these interventions. Looking at the key
characteristics of web-based interventionsin terms of technology
and interaction, it appearsthat the typical web-based intervention
ismeant to be used once aweek, ismodular in setup, is updated
once aweek, lasts for 10 weeks, includes interaction with the
system, a counselor, and peers on the web, includes some
persuasive technology elements, and results in about 50% of
the participants adhering to the intervention.

However, to answer our second research question, there do
appear to be differences between health care areas. Overal,
lifestyle interventions are longer and less strict (more employ
a free setup, less frequent intended usage, fewer updates, and
lessinteraction) than interventions aimed at chronic conditions
and mental health, which seems to result in lower adherence
with lifestyleinterventions. Mental health interventions follow
the weekly, modular format the most, with only oneintervention
using a free setup. This may be explained by the differencein
scope of lifestyle and mental hedlth interventions: lifestyle
interventions may be more oriented towards |ong-term changes,
while mental health interventions are often aimed at treatment
that isdelivered in ashort, strict format. However, interventions
for achronic condition are also aimed at along-term change or
goal, but these interventions are on average more strict than
lifestyleinterventions. More counselor involvement islikely to
be an explanation because these interventions are often offered
in a health care setting and we saw a significant difference
between these areas.

Regarding persuasive technology, we see that primary task
support elements are most commonly employed, especially in
interventions aimed at chronic conditions and lifestyle.
Tunneling, which is atechnological result of amodular setup,
is employed most often in mental health interventions and less
frequently in lifestyleinterventions. Thisdifferenceisalogical
result of the differencesin setup between interventionsin these
areas. This finding is not surprising, taking into account that
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most mental hedlth interventions are based on regular
face-to-face therapy where psycho-education and behavior
modification isusually delivered step-wise (see[3]). Tailoring,
which iswidely recognized as an important feature of effective
health communication [35, 36], is used in one form or another
in 88% of the interventions. Strikingly, rehearsal, whichisalso
seen as very important in learning and behavior change [37,
38], isseldom employed. It may be that rehearsal is seen by the
authors of the articles reviewed as such an obvious part of an
intervention that a description of this process is omitted from
the description of theinterventions. If not, this should be apoint
of particular interest when (re)designing web-based
interventions.

Only amean of 1.5 out of apossible 7 dial ogue support el ements
are employed per web-based intervention. It should be noted
that we have not coded the elements that may be present in
email-like messages sent by a counselor because we fedl that
thisis part of the counselor interaction and not so much a part
of the dialogue support that Oinas-Kukkonen [31] and Fogg
[24] describe. Reminders are the most frequently employed
element. Studies have shown the importance of reminders in
increasing adherence and in increasing the effectiveness of
web-based interventions[7, 39]. Therefore, we found it striking
that 26% of theinterventionsdid not include remindersin some
way. Suggestion was the second most frequently used element
and was employed more in interventions aimed at chronic
conditions than mental health. This seems likely to be due to
the focus of the interventions for chronic conditions being on
coping with a condition and giving suggestions or strategiesto
achieve this, whereas in mental health interventions the focus
is often more curative to “solve’ a certain problem. Praise and
rewards are seldom used, which may be a shortcoming when
looking at the recent literature into serious gaming and
gamification, where employing game-like strategies, such as
praise and rewards, are expected to have positive effects on the
outcomes of health interventions [40, 41].

Social support iswidely recognized as an important strategy in
behavior change [42, 43] and it might be disappointing to see
that, on average, only 1.2 out of apossible 7 elements are used
per web-based intervention. Socia facilitation was used in more
than half of the interventions. It must be noted that here social
facilitation means providing the opportunity to contact others
using the same intervention; it does not say anything about
whether the opportunity isactually used. In practical terms, this
means that when an intervention includes a discussion board,
social facilitation is employed, even when there are no postson
the discussion board. Social learning and social comparison
were employed through, for example, obligatory posts of
exercise answers on a discussion board or by providing a story
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by a user (real or fictive), including how he or she dealt with
the situation. Cooperation, competition, normative influence,
and recognition are seldom used and therefore provide areasin
which web-based interventions might be improved. However,
in this study, social support did not affect adherence, so more
research is needed to investigate whether or not this area
provides added value.

Our third research question was about the percentage of
participants that adhere to web-based interventions. We found
an average adherence of 50%, which confirms that
non-adherence is an issue in web-based interventions. There
wasawiderangeinthelevel of adherence, with 6 interventions
scoring below 10% adherence and 5 interventions scoring 90%
adherence or higher. Our last research question was aimed at
determining which characteristics of web-based interventions
relating to technology and interaction are related to better
adherence. Using a hierarchical multiple linear regression, our
final model explains 55% of the variance in adherence, which,
in our view, is a substantial amount that provides valuable
insightsinto the issue of adherence.

Interestingly, the first two models (including the context of the
intervention and the interaction within the intervention) were
not significant. It was only when aspects relating to the format
of the intervention and the technology employed were entered
that the model reached significance. In thefinal model, an RCT,
as opposed to an observational study, significantly predicted
better adherence. A likely explanation is that the observational
studies in our review were mainly small pilot studies and large
real-life studies. Pilot studiesare likely to show lower adherence
rates because the interventions are not fully tested and are
improved after the outcomes of the pilot are known. Real-life
observational studies have been shown to havelower adherence
rates, which suggests that the formal structure of a tria is
important for participants to adhere to an intervention [34].
Furthermore, the selection processes of many RCTs make it
likely that there is a difference in the participants in both
settings, which contributes to the difference in adherence.

The frequency of interaction with a counsel or was a significant
predictor of adherence. This finding concurs with reviews of
Brouwer [29], Schubart [30], and other studies (for an overview
see [44]) that conclude that counselor or clinician support is
related to greater exposure and engagement. Of the significant
predictors in our study, this variable contributes the least. In
our review, we have found no evidence that the frequency of
interaction with peersisrelated to adherence. Thisis somewhat
contrary to theresults of Brouwer [29], who concluded that peer
support was related to greater exposure. In that study, exposure
was seen as the time visitors spend on the website, which is
very different from our definition of adherence. Furthermore,
in this study, we coded the frequency of interaction, not merely
whether there was any interaction or not. Thisresulted in 29%
of interventions being coded as, “ Yes, there is interaction with
peers, but the frequency isunknown.” Thisfrequency may vary
to alarge degree between these interventions, but without clear
information we cannot make a distinction, which may have
influenced our results.
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In thefinal model, the frequency of interaction with the system
seems to negatively influence adherence, although not
significantly. This surprising finding may be explained by the
fact that more interaction with the system meant, in many cases,
that there was no interaction with a counselor. More frequent
intended usage al so predicts better adherence. Thismight seem
counterintuitive, but might also mean that when people are
expected to be more active they become more engaged with the
system. Moreover, more frequent intended usage will, in many
cases, lead to more frequent reminders and we know that
reminders can positively influence adherence [39]. That the
provision of frequent updates isimportant was also seen in the
review of Brouwer [29] and is confirmed in this study.

Finally, more extensive employment of dialogue support is
related to better adherence. This outcome was predicted by the
persuasive system design model [31], but this study is, to our
knowledge, thefirst to confirm this outcome rel ated to adherence
in a health setting. When looking at the other persuasive
technology categories, we seethat socia support showsatrend
towards a significant contribution to better adherence. We feel
that this trend warrants further investigation. It might be that it
has no significant predictive value in this study because of the
limited use of social support elements in the included
interventions. Interestingly, primary task support does not show
any predictive value for adherence. This may well be explained
by the purpose of the employment of primary task support. As
indicated in the name, these elements make the primary task
(ie, the goal of the intervention) easier, and are not so much
focused on the process (ie, using the intervention or adhering
to the intervention). It seems likely that these elements play a
more important role in the effect of the intervention than in the
adherence.

A final comment on the model for the prediction of adherence
is on the different health care areas. We see that in the first
model, lifestyle interventions, as opposed to mental health
interventions, predict a lower adherence, but when adding the
characteristics of the interventionsin the model, this predictive
value is negated. It seems that the health care area per se does
not predict adherence, but the differencesin the characteristics
of the interventions in these areas do predict adherence.

Implications and Recommendations

Taking into account the results of this study, it seemsreasonable
to not only hope for adherence, but to plan for adherence when
designing web-based interventions. Although 33 studies that
are included in this review state that they have planned for
adherence, it is remarkable that 18 state that encouraging
adherence is a task for the counselor [45-62] and one study
included monetary incentives to promote adherence [63]. Of
the 15 studies that mention adapting the design of the
intervention to increase adherence, 8 studies do so without any
theoretical basis or reference [64-71], 4 studies make the
adaptation the focus of their study [72-75], and 2 studies have
adapted the design based on a prior study on the same
intervention [76, 77]. Overall, it seemsthat adapting web-based
interventionsto promote adherence is donein an ad-hoc manner
and that a framework to guide researchers and developers in
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this area is needed. The PSD model [31] may provide such a
framework for the design of web-based interventions.

Moreover, it seemsvaluableto ook much further than the health
care areafor which theintervention isbeing designed. Although
each health care area hasits own demands and limitations, the
different areas might learn from each other’s strong points.
Lifestyle interventions, although aimed at long-term goals,
might benefit from incorporating segments with a more strict
format and shorter duration. Mental health interventions might
be extended to aim a more long-term goals like relapse
prevention. They may therefore employ a less strict format,
while being aware that adherence might become a larger
problem. Moreover, mental health interventions might include
the primary task support elements used in chronic condition
and lifestyle interventions.

Furthermore, we now have evidence that certain intervention
characteristics and persuasive technology can improve
adherence. It seems that expecting a certain amount of
engagement from the target group can actually be helpful in
promoting adherence and is something that seemsto be easy to
implement in new and existing web-based interventions. We
must keep in mind that the effect of intended usage might also
be due to a bias among the participants when only those
participants who agree in advance with a high level of
engagement participate in such interventions. Duration seems
harder to change. Cutting an intervention into shorter segments
may be enough to improve adherence, but this should be
investigated further. Including and possibly increasing the
frequency of interaction with a counselor seems a more costly
way to improve adherence and might, therefore, be aless than
optimal starting point when specifically used as a strategy to
increase adherence. Increasing dial ogue support using persuasive
technology seems to be a more cost-effective vantage point in
this respect and may even be enhanced by the increasing use of
mobile technology, which seems likely to, in turn, offer a
valuable platform for introducing on-the-spot reminders and
feedback.

Additionally, our results can be of value for blended care (ie, a
combination of online and face-to-face care) by clarifying the
crucial aspects for promoting adherence in web-based
interventions. When it is not possible to adapt a web-based
intervention to promote adherence, it may befeasibleto include
a face-to-face segment in the overall intervention at a crucial
stage to make up for the predicted loss of adherence.

The results of this study can be used to make an informed
decision about how to design aweb-based intervention that has
a greater likelihood of patient adherence. It must be noted,
however, that we do not advocate a so-called “ technol ogy push”
where technology is introduced only for the sake of the
technology and the ability to create the technology. It should
alwaysbe created in close coll aboration with the target audience
and with aclear goal to create aviable eHealth technology [12].
This study providesinsightsinto the choices one can make with
the target audience.

In this study, we defined adherence as being the proportion of
participants who use theintervention asit isintended to be used.
By doing this, we have created an adherence measurement from
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objective data that is comparable between interventions. We
feel that the study shows that this is a promising approach and
this adherence measurement can be used for a wide variety of
studies. However, to date, few studies report adherence as the
measurement we have chosen to use. For review studies, this
means that researchers have to define the intended use, search
for the usage data that corresponded to this intended use, and
then calculate the adherence. This might lead to a different
interpretation of the usage data than the original authors
intended. However, from our experience, we can say that as
long asthere is enough information on the intervention and the
usage, it is feasible to calculate an objective and comparable
adherence measurement. For intervention studies, we would
advise researchers to at least provide the information needed
(ie, intended usage and usage datarelated to thisintended usage)
to calculate this adherence measurement and, preferably, to state
the calculated adherence percentage for easy comparison
between interventions.

Limitations

In this study, we have excluded many interventions because
dataabout usage was absent or the usage data that was presented
had no direct relationship to the intended use. For example, we
excluded studies that only presented mean login data per week
for al respondents and had an intended usage of once a week
because these data do not show us which percentage of
respondentslogged in each week. This strict selection based on
usage datamight have introduced abiasin our included studies.

We have coded the web-based interventions included in this
study based on the descriptions in the published literature.
Although we have made an effort to find al the information in
the published literature about each intervention, our coding was
limited by the description of the interventions on paper. Asis
noted by other authors, the description of these interventionsis
varied [12, 29, 30], which makes it difficult to capture al the
characteristics of each intervention, and this might have
influenced our results. Initiatives to standardize and improve
the description of web-based interventions like the consort
statement for eHealth [12], a protocol for systematic reviews
in eHealth [33], and guidelines for executing and reporting
internet intervention research [ 78] are therefore very necessary
and will hopefully improve the possibility to compare eHealth
technologies and learn from each other.

Lastly, alimitation of this review might be that we have only
focused on the published literature. We have not included grey
literature and have therefore included little real-life adherence
data. Asnoted by Christensen[34], thereisadifference between
the usage of web-based interventions in a research setting and
in a more real-life setting. We have tried to cope with this by
using a strict definition of adherence, separating it from
following the research protocol and filling out questionnaires,
and by coding all interaction that might be the result of being
part of a study as part of the intervention. Nonetheless, the
limited amount of real-life data in our review might have
influenced the results.

Overall, our results confirm the conclusions of prior studies[29,
30] that interaction with acounsel or and regular updates promote
adherence. Furthermore, the results of this review elaborate on
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the role of intervention characteristics (duration, setup, and
intended usage) and persuasive technol ogy, especially elements
to support the dialogue. Finally, this study has provided practical
recommendations to increase adherence when (re)designing a
web-based intervention.

Future Research

The data and results from this study provide numerous points
of departure for future research. To increase our understanding
of the characteristics of web-based interventionsand their effect
on adherence, it would be interesting to compare interventions
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that show high adherence with interventions that show low
adherence using in-depth, qualitative analyses. The positive
deviance approach used by Schubart [30] seems appropriatefor
this goal. Furthermore, it is interesting to test our statistical
adherence model in experimental studies. Additionally,
expanding the model by including the characteristics of
participants seems to be relevant. Finaly, exploring the
rel ationship between persuasive technol ogy, especially primary
task support, and (clinical) outcomes of an interventionislikely
to be aworthwhile line of research.
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Abstract

Background: Internet research may raise older ethical issuesin new forms or pose new issues. It has been recommended that
debriefing information online be kept very short, with further information including study results made available if requested by
participants. There are no empirical studies that compare possible aternative methods of debriefing in online studies.

Objective: To undertake a randomized controlled trial evaluating how to implement the recommended approach by assessing
the effects of two different approaches on accessing of additional information.

Methods: All 11,943 participants in the Effects of Study Design and Allocation (ESDA) study, which employed deception,
were randomly assigned to one of two methods of debriefing: Group A received the debriefing information in the body of an
email with links to protocol and results pages, Group B was presented with these links after clicking on aninitial link in the body
of the email to view the debriefing information on a website. Outcomes assessed were the proportions clicking on the links to
the protocol and results summary and the time spent on these pages by those accessing them.

Results: The group who were presented with no debriefing information in the body of the email and went to awebsite for this
information (Group B) were approximately twice as likely to subsequently access the protocol and the results summary. These
differences between the two groups were highly statistically significant. Although these differencesare clear, the overall proportions
accessing such information were low, and there were no differences in mean time spent reading these pages. Only one quarter of
Group B actually accessed debriefing information.

Conclusions:  In circumstances where the uptake of fuller information on study design, methods, and findings is deemed
important, debriefing information may be better provided via a link and not included in the body of an email. Doing so may,
however, reduce the extent of receiving any debriefing information at all. Thereisawider need for high quality empirical studies
to inform ethical evaluations.

Trial Registration: Australian New Zealand Clinical Trials Registry, ACTRN12610000846022 (http://www.anzctr.org.au/)

(J Med I nternet Res 2012;14(6):€157) doi:10.2196/jmir.2186

KEYWORDS
ethics; debriefing; deception; online; web-based; randomised controlled trial; methodol ogy

http://www.jmir.org/2012/6/€157/ JMed Internet Res 2012 | vol. 14 | iss. 6 [e157 | p.41
(page number not for citation purposes)


mailto:Jim.McCambridge@lshtm.ac.uk
http://dx.doi.org/10.2196/jmir.2186
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

Behavior change interventions for public health purposes, as
with health care itself, are increasingly being delivered and
evaluated using the Internet [1-3]. This devel opment may pose
existing ethical questionsin new forms, or pose new questions
[4]. For example, it may be difficult to know whether research
participants actually read study information and give genuinely
informed consent. The adequacy of informed consent may also
be difficult to assess in non-Internet studies [5], and dedicated
investigations typically find that recall of consent is poor and
may benefit from intervention [6]. Because of these challenges,
ethical guidancefor behaviora research onthe Internet hasbeen
produced [2,7]. Among the recommendations are that debriefing
information be kept very short, with further information
including study results made available if requested by
participants [7]. We are unaware of any empirical studies that
compare possible alternative methods of debriefing in online
studies. Such data would assist evaluation of ethical issues
relating to debriefing.

TheInternet isalso auseful vehiclefor methodological research
on participant behavior, partly by virtue of the direct accessto
large numbers of study participants it affords. Blinding is
recommended by the Cochrane Collaboration [8] and others as
a means of constraining bias in intervention research. Social
psychological research routinely uses deception for similar
methodol ogical reasons (for areview see[9]), athough the use
of deception has not been studied very much in relation to health
[10]. Ethical guidance usually requires debriefing following
deception [11] though the content of methods of debriefing has
been neither widely considered nor studied [12]. Debriefing
involves giving study information after the study has ended that
would usually be provided prior to participation to permit
informed consent. This is usually accompanied with a brief
explanation of therationale for the study design and wherethere
isany potential for harm this can be explored.

This study is a randomized controlled trial evaluating how to
implement the recommended approach to debriefing by
assessing the effects of two different methods on participants
accessing of additional information indicative of successful
engagement with debriefing.

Methods

We have previously undertaken a methodological study, the
ESDA trial, investigating the possible effects of study design

http://www.jmir.org/2012/6/e157/
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and allocation on participant behavior in the context of a study
appearing to investigate alcohol consumption [13]. Almost
12,000 students from four universities in New Zeaand
participated and were randomized to one of three study
conditions, which differed only in what the participants were
told was the nature of the study and their role in it. One group
believed they were participating in a cohort study, while the
other two groups believed they were participants in the
intervention and control groups respectively in a randomized
controlled trial evaluating an alcohol education intervention, to
which al three groups were given access [13]. After the
collection of one month outcome data, for the present study we
further randomized all participants to two alternative forms of
debriefing.

All ESDA participants were randomly allocated to either Group
A or Group B. Randomization was computerized and stratified
by university, so that there were not imbalances in alocations
within any of the 4 participating universities. Thisand all other
study procedures were fully automated and could not be
subverted. Allocation was thus fully concealed. Both Groups
received an email, sent out on September 22nd, 2011. Theinitial
contents of the emails for both groups are provided in Textbox
1. We allowed 6 weeks for students to respond to the emails,
terminating the study on November 11th, 2011. Group A
received the debriefing information presented in Textbox 2 in
the body of the email, after the text provided in Textbox 1, with
links to the protocol (on the journal website) and results pages
(see Textbox 3) via[14]. Group B received an email containing
no debriefing information, with linksto the protocol and results
via [15] where the basic debriefing information in Textbox 2
was presented. Group B thus looked at the debriefing
information after clicking on alink to the website rather than
in the body of the email. All available trial outcome data
comprised the proportions clicking on the links to the protocol
and the results summary in both groups and the time spent on
these pages among those accessing them. We are aso able to
report on the proportion of Group B accessing the debriefing
information on the website and on the time spent reading this
page. Wetested differences between groupsin chi-squared tests
for the former and Kruskal-Wallistests for the | atter, for which
wereport medians. Thelatter statistical test was chosenin light
of the observed gross non-normality with some participants
spending very little time with the pages open and others
spending more time reading. A non-parametric test was judged
preferable to a parametric test to analyze this distribution.
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Textbox 1. Initial Email Contents for Both Groups.

Group A
Subject Line: Tertiary Student Health Project - Information for Participants

In 2010/11 you participated in an online survey about student drinking. Thank you for taking part. As promised, we would like to provide you with
some more information about this study which is available below.

Thisisthelast email you will receive about this study. Our database containing participant email addresses will now be deleted.

The iPads were won by students from University of Otago and Victoria University Wellington.

Group B
Subject Line: Tertiary Student Health Project - Information for Participants

In 2010/11 you participated in an online survey about student drinking. Thank you for taking part.

As promised, we would like to provide you with some more information about this study which is available here.

<LINK)

Thisisthelast email you will receive about this study. Our database containing participant email addresses will now be deleted.
The iPads were won by students from University of Otago and Victoria University Wellington.

If you experience problems with this link, please copy and paste the link into a new window.

Textbox 2. Basic Debriefing Text in Body of Email for Group a Only, Accessed ViaLink for Group B.

The study randomly assigned people to one of three groups (A, B or C). Group A was told they were completing two surveys. Group B was told they
were in a Control Group in arandomised controlled trial evaluating brief acohol education. Group C was told they were in an Intervention Group in
the sametrial. In fact, all participants received the same information about alcohol. Apart from what they were told about the nature of the study, there
were no differences between the groups. Any differencesin reported a cohol consumption were expected to be due to the type of research study people
thought they were involved in.

It is unknown whether people change their drinking behaviour, or their reporting of it, according to what type of study they are in. This was worth
knowing because it hasimplications for how research on drinking and other behavioursis conducted and interpreted. We did not find any differences
between any of the groups.

As stated in the Information Sheet, no individually identifying information has been collected and your anonymity has been preserved throughout the
study.

Textbox 3. Results summary (available to both Group A and Group B).

In this study we tested two hypotheses:

That knowledge of participation in a randomised controlled trial in comparison to a cohort (ie, before and after surveys) study aone will reduce
drinking after 1 month. This was tested by comparing Group A versus Groups B and C together.

That knowledge of alocation to an intervention condition in comparison to a control condition in arandomised controlled trial will reduce drinking
after 1 month. Thiswas tested by comparing Group B versus Group C.

Both hypotheses were rejected, as no differences were found between Groups A, B and C. This means the type of study people believed they werein
did not influence changes in their drinking behaviour or their reporting of it.

We interpreted the implications of each of the findings for the two hypotheses differently because of the way this study was conducted. In relation to
hypothesis 1, it may be worth generating a stronger sense of being in a randomised controlled trial in a future study. We do not believe hypothesis 2

needs further testing.

likely to spend any more time reading this material.
Approximately one quarter of thisgroup visited the debrief page
(see Table 1) and thus accessed any debriefing information at
all, however, and we had no capacity to measure the extent of
any reading of the debriefing information provided in the body

Results

The CONSORT flowchart summarizing the study design and
numbers included in the analysesis presented in Figure 1.

Group B was approximately twice as likely to have clicked on
the protocol and resultslinks, although the proportion doing so
was less than 10% in each case (see Table 1). Group B was not

http://www.jmir.org/2012/6/e157/

of theemail to Group A. Approximately onethird of those who
visited the debriefing page in Group B subsequently clicked on
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the link for results, and approximately one quarter did so for the protocol (see Table 1).

Table 1. All outcome data.

Group A Group B
(N = 6051) (N =5892)
Clicked on Resultslink 247 (4.1%)2 515 (8.7%)2
Median time in seconds (interquartile range) 25.0 (37.2)° 25.3(35.8)°
Clicked on Protocol link 202 (3.3%)2 362 (6.1%)2
Median time in seconds (interquartile range) 35 (5.4)° 3.6(3.9)°
Visited Debrief page d 1427 (24.2%)
Median time in seconds (interquartile range) d 36.1(49.2)

ap values for differences between groupsin chi-squared tests are all <0.001.
b p value for difference between groups from Kruskal-Wallis test = 0.7419.
P value for difference between groups from Kruskal-Wallis test = 0.9450.

9 Not applicableto group A.

Figurel. CONSORT flowchart.

All ESDA study participants
randomised into two groups

n=11,943

Group A received intervention
n=6,051

Included in the outcome analyses
n=6,051

Discussion

There are two main sets of findings to consider. First, the
between-group differencesin thetrial demonstratethat providing
a link to basic debriefing information (rather than doing so
within the body of an email message) approximately doubles
the probability that participants will access further debriefing
information by clicking on follow-on links. Secondly, the low
overal levels of accessing this further information warrant
consideration as does the low level of receipt of any debriefing
information provided on awebsite (for Group B) rather than in

http://www.jmir.org/2012/6/€157/
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Group B received intervention
n=5,892

Included in the outcome analyses
n=5,892

the body of an email (asfor Group A). The robustness of these
findings is considered prior to assessment of their ethical and
methodological implications.

The messages were all delivered to the email addresses of
students held by the universities and via which students
participated in the ESDA trial. Inthe CONSORT flowchart (see
Figure 1), we have defined intervention receipt as dispatch of
email. We assume that almost all were received and almost all
were opened; however, we have no confirmatory data. Some
students may haveignored the messages or were no longer using
their university email address. We al so cannot know for certain
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how much of the text presented in Textbox 2 was actually read
by those who opened the email (Group A) or visited the web
page (Group B). Strictly speaking, our time spent on each page
measure is of how long the page is open. It islikely that not all
of thistime was spent actually reading text if other distractions
occurred; however, this should have been equally likely in both
groups. A clear strength of the data reported here is that they
are not reliant on self-report and subject to reporting biases, as
they are objectively ascertained, both in relation to whether
links were clicked and how long the pages were open. We did
not measure email reading time, simply because we could not.
One-time-only links to web pages were provided to ensure that
participants were not counted twice.

It is possible that many more participants read at |east some of
the debriefing information in the Group A email and were
satisfied with this, or otherwise decided that they did not want
further information. To maximize the proportion of all
participants having at least some debriefing information (for
example, where moral accountability to the research participants
is deemed most important [12]), putting the information in the
body of the email, as was done with Group A, might be
preferable. Alternatively, a key purpose of debriefing is to
discover and act upon any harms identified. The reactions of
those who have been subjected to any form of deception in
research are important to consider in ethical evaluations. For
example, according to the British Psychological Society, “If
thisled to discomfort, anger or objections from the participants
then the deception wasinappropriate’ [11]. Thiswasour primary
research interest and why we believe that our outcome measures
werewell chosen: If research participants have concerns rai sed
by online debriefing information, accessing further information
islikely to bethe first step in addressing these concerns, if itis
made easily available. Where the uptake of more detailed
information on study design, methods, and findings is deemed
important, as may often be the case in studies involving
deception, it appearsthat basic debriefing information could be
better provided via a link and not included in the body of an
email.

The low levels of access of the basic debriefing information in
Group B remain, however, amatter of substantial concern, and
they restrict the confidence that one may draw from the effects
favoring Group B. Approximately three-quarters of these
participants have received no debriefing information at all, and
this appears to be a much bigger problem than we would have
expected. If debriefing is worth doing, then it should be done
as well as possible, in line with the motivating aims of the
present study. Thisistrue even in the absence of harms asthey
are usually conceived, in order to provide moral accountability
for theinfringement of theright to informed consent [12]. These
considerations direct our attention to the initial content of the
original emails, shown in Textbox 1. It may be worth exploring
alterations to this brief text, for example making known the
absence of informed consent, in ways specifically designed to
encourage the uptake of debriefing information.

In this particular study we chose not to elicit feedback as we
have done in other studies because participant willingness to
articul ate concerns may be compromised if the vehicle provided
isto communicate with the investigators. Instead, we checked
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with the Ethics Committee and with the universities involved
and confirmed that they had received no complaints from
students concerning any aspect of the research. It is therefore
not so straightforward to put the two sets of findings together
and determine the most appropriate course of action on
debriefing. There is merit in further investigating the uptake
rates of any debriefing information observed here for Group B,
which have the advantage of reliable measurement. If the present
findings are confirmed, on balance, we would judge these uptake
rates to be unacceptably low and may prefer instead to include
the debriefing information in the body of the email, but we have
no means of knowing to what extent there is any engagement
with information provided there. Time spent reading the protocol
was low. It appears it was largely inspected for a few seconds
and then the page closed. The results summary was designed
to be brief and can be fully read in around the median time spent
with the page open. We cannot know, however, how deeply this
information was processed or whether the issuesinvolved were
more than superficially considered. Longer reading timewould
be more encouraging in this regard.

Ethical scrutiny of our own practice is made stronger by the
kind of datareported here. Study participants were not exposed
to risks or harms beyond the infringement of their rights to
informed consent, which we acknowledge is a profound harm
in itself. Can we make any assumptions about those who did
not read the debriefing information? We believe that we cannot,
as it would seem unwise to consider either that they may be
unconcerned about the infringement of their right to informed
consent as research participants, or aternatively that they would
be greatly concerned. There are few previous studies providing
helpful data in this regard, though Fisher and Fyrberg [9]
identified approximately 70% of university student participants
ashaving abasically utilitarian attitude to infringements of such
rightsin research and approximately 30% who may be offended,
among whom amuch smaller proportion were deeply offended.
These harms need to be balanced against the research and hence
the social value of the data obtained.

In our ethical deliberations on this type of research, we were
concerned that debriefing itself may constitute asource of harm
by revealing an infringement of rights not previously known.
The data in the present study are helpful to ongoing
consideration of whether debriefing should be undertaken, as
well as how. We found no evidence in this particular study that
debriefing itself may be harmful and therefore no reason to
discontinueit, although consideration of the cumulative impact
of such debriefing, in populations such as students who are
regularly invited to participate in research, aswell as the use of
deception in research more broadly, iswarranted. For example,
it is entirely possible that those who have been debriefed may
be more cautious about participating in future research studies,
which would diminish the value of the data obtained in those
studies. Thistype of harm is both important and challenging to
evaluate. Empirical data are of course no substitute for ethical
reflection; however, they can also undoubtedly enrich it. The
paucity of empirical datain relation to ethical decision-making
has previously been commented upon [16]. We very much agree
there is awider need for high quality empirical studies, using
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experimental datain particular, to inform ethical evaluationsof ~ future methodological developments, online and elsewhere.
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Abstract

Background: Web-based self-help programs that reduce problematic substance use are able to reach hidden consumer groups
in the general population. These programs are characterized by their low treatment threshold and nonrestrictive intervention
settings. They are also cost effective, making them of interest to both low-income and high-income industrialized countries with
ever-increasing health costs.

Objective: To test the feasibility and effectiveness of an anonymous, fully automated, Web-based self-help intervention as an
alternative to outpatient treatment services for cocaine users.

Methods: A total of 196 cocaine-using participants were recruited through various online and offline media for a randomized
controlled trial. Participantsin the intervention group received interactive cognitive behavioral modules and a consumption diary
to reduce cocaine use, whereas participantsin the control group received online psychoeducative information modul es. Web-based
follow-up assessments were conducted after 4 weeks, 6 weeks, and 6 months. Treatment retention was examined and compared
between the intervention and control groups. Severity of cocai ne dependence was the main outcome measure. Secondary outcomes
were cocaine craving, depression symptoms, and alcohol and other substance use.

Results: ThisWeb-based intervention attracted older and more educated parti ci pants than existing outpatient treatment programs
for which cocaine is the primary substance of abuse. Participants in the intervention group showed greater treatment retention
compared with the control group (P = .04). Low response rates at the follow-up assessments restricted the explanatory power of
the analyses. At thefoll ow-up assessments, the severity of cocaine dependence did not differ between the intervention and control
groups (P = .75). Furthermore, there were no differences in cocaine craving, depression, or alcohol and other substance use.
Using the consumption diaries, the average number of cocaine-free days per week did not change significantly, whereas the
weekly quantity of cocaine used decreased equally in both groups (P = .009).

Conclusions:  For cocaine users with low dependence severity, a fully automated Web-based cognitive behavioral self-help
intervention is afeasible aternative with limited effectivenessin outpatient treatment services. However, thistype of intervention
may attract specific user groupsthat arerarely reached by existing outpatient treatment and may help them to control their cocaine
consumption anonymously.

Trial Registration: ISRCTN93702927; http://www.controlled-trials.com/ISRCTN93702927 (Archived by WebCite at
http://www.webcitation.org/6CTMM10MR)

(J Med I nternet Res 2012;14(6):€166) doi:10.2196/jmir.2244
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Introduction

Data on the preval ence of problematic cocaine use and addiction
arelacking in Switzerland and many other developed countries,
but there is no doubt that cocaine use has increased in
Switzerland in recent years [1] and in other Western European
countries [2]. In 2005, Swiss resident institutions reported, for
the first time in history, that cocaine surpassed opiates as the
most frequently abused substance [3]. This trend has also been
observed in outpatient units [3]. This increase in treatment
requests likely reflects only a minority of cocaine users.
Typically, those cocaine users in outpatient treatment who do
not report co-consumption of opiates are young and have low
education levels [3]. Older and more educated cocaine users,
who are likely to be better integrated into society, are rarely
reached by standard treatment. Presumably, the majority of
these individual s consume cocaine on a quasi-controlled basis
and only a small fraction of them are likely to take advantage
of treatment [4]. However, it is likely that some of these users
will progress from controlled use to problematic use [5]. For
more educated and integrated cocaine users, anonymous
interventions that follow the principle of concurrent cover (ie,
noninvasive, low-cost interventions in which therapeutic
intensity can be enhanced and extended to face-to-face treatment
according to need) appear to be more appropriate. Thus, the
diversification of the available outpatient treatment servicesfor
cocaine usersin thisdirection is favorable.

Over the past 12 years, a number of interventions enhanced by
information and communication technology (ICT) have aimed
to optimize various aspects of mental health care, such as the
treatment of eating disorders [6], obesity [7], depression [8],
and social phobia[9]. The majority of these approaches have
been based on Internet and mobile phone technol ogies, such as
text messaging [ 10]. Web-based self-help programsthat reduce
problematic consumption are able to reach hidden consumer
groupsin the general population because of their low treatment
threshold and nonrestrictive setting for intervention [11].
Furthermore, these programs show a remarkably positive
cost-benefit relation [12], which is of interest in industrialized
countrieswith widespread Internet access and escal ating health
costs. These programs have been tested primarily in people with
tobacco dependence or problematic alcohol use. The existing
reviews and meta-analyses of Web-based interventions for
tobacco smoking and alcohol use [13-16] show that these
interventions are superior to no or minima intervention;
however, the effect sizes that have been reported are
predominantly small. Evidence concerning their effectiveness
compared with face-to-face interventions is inconclusive
[13,17,18]. To date, few studies exist on the effectiveness of
Web-based interventions for the treatment of illegal substance
use. In acontrolled trial, a Web-based intervention designed to
help young people quit or reduce their cannabis use was tested
[18]. Despite some methodological constraints, the results of
this study showed that Web-based intervention is promising in
the reduction of cannabis consumption compared to no
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intervention. To date, no research on the acceptance and
effectiveness of a Web-based program for the treatment of
problematic cocaine use has been conducted.

Snow Control, a 6-week Internet-based self-help intervention
program for problematic cocaine users who intend to control,
reduce, or stop their consumption of cocaine, wastested between
March 2010 and December 2011 and compared with a control
condition in arandomized controlled trial [19]. The treatment
aim was moderation of cocaine use or cocaine abstinence, with
participants in the Snow Control intervention group expected
to show greater reductionsin cocaine consumption after 6 weeks
of treatment than the control participants. Moreover, we
hypothesized that the participants in the intervention group
would show greater improvements at the 6-week treatment
termination point in secondary outcomes, including (1) cocaine
craving, (2) acohol intake, (3) use of illicit substances other
than cocaine, and (4) symptoms of depression. We aso
anticipated the participants in the intervention group to show
significantly greater retention. Overall, we aimed to test the
feasibility and effectiveness of an anonymous, fully automated,
Web-based self-help intervention as an alternative to outpatient
treatment services for cocaine users.

Methods

Interventions

Snow Controal is based on cognitive behavioral therapy (CBT)
methods that have been tested on cocaine addicts [20,21],
principles of motivationa interviewing [22], current self-control
practices, and the established relapse-prevention model [23-25].

The intervention is structured into 8 modules that are activated
for week-by-week accessin thefirst 3 weeks, with 4 additional
voluntary modules that can be activated during weeks 4 to 6.
A detailed description of the intervention can be viewed in the
study protocol [19] (trial registration ISRCTN93702927). After
successful registration, participants were randomized by
computer program in a 1:1 ratio to 1 of 2 parallel groups.
Participants were blinded to the interventions. After the first
week in the intervention group, each log-in directed the
participant to his or her consumption diary in which he or she
was asked to specify, for each day, the amount of cocaine
consumed in the past 7 days and the amount of cocaine he or
she planned to consume each day for the next 7 days. The
participant was then directed to the respective weekly module.

To assess the effectiveness of the Snow Control intervention,
an appropriate psychoeducative online control condition was
developed. Participants in the control condition received 8
psychoeducative information modules about risks, potential
harm, and other important information about cocaine
consumption followed by a quiz to evaluate their knowledge.
The duration of the control condition was equal to the 6 weeks
of the experimental intervention; however, the control condition
did not include the whole consumption diary. Participants in
the control condition were asked to specify the amount of
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cocaine consumed in the previous 7 days, but not the amount
of cocaine they planned to consume in the next 7 days.

To avoid serious harm to the participants in the intervention
and control condition during the study, a detailed consent
procedure with thorough safety instructions was provided as
well as a continuously accessible 24-hour emergency list
(including the numbers of emergency help lines and contact
information for the study team and the webmaster), regardless
of whether participants withdrew or dropped out of the study.
Moreover, during the 6-week intervention phase, the participants
had the opportunity to contact acorresponding outpatient clinic
in a nearby city by telephone (lists with opening hours, Web
links, postal addresses, and tel ephone numbers were provided).

M easurement | nstruments

All  outcome measures were assessed through online
guestionnaires. After providing informed consent, participants
who met the study entry criteria created a personal and secure
log-in name and password and received an automated email
notification with their access information. They were then
directed to a baseline assessment Web page with questions
regarding sociodemographic characteristics and consumption
patterns. The primary outcome measures of cocaine consumption
were recorded as the number of days and quantity of cocaine
used, in milligrams, as specified in the consumption diary and
reflected by the Severity of Dependence Scale (SDS) [26] score.
The secondary outcomes consisted of the following: (1) the
Cocaine Craving Questionnaire-Brief (CCQ-Brief) [27], (2)
selected measures for the assessment of the past month's
consumption and method of consumption for Diagnostic and
Satistical Manual of Mental Disorders (Fourth
Edition)/International Classification of Diseases, Tenth Revision
(DSM-IV/ICD-10) substances of abuse derived from the
European version of the Addiction Severity Index (EuropASI)
[28], and (3) a short German version of the Beck Depression
Inventory (BDI) [29]. In addition, we asked participants to
provide feedback about any technical and substance use
problems during the intervention. We assessed the qualitative
feedback after 6 weeks of intervention. We also planned to
explore participants’ use of cocaine and other substances at a
6-month follow-up. Because we expected the follow-up rates
to be low, compensation (€40) was offered to participants who
logged in and completed the follow-up questionnaires.

Analyses

Generalized estimating equation (GEE) analyses were carried
out to investigate the effectiveness of the intervention on
different variables assessed at baseline and various follow-up
points over the study period of 6 months. The GEE is a
repeated-measures regression model that takes into account the
correlation between the repeated measures of each person [30].
We performed logistic GEE analyses for the binary outcome
variables and linear GEE analysis for continuous outcome
variables. An apha level of .05 (2-tailed) was chosen for all
statistical testsin this study. Due to the low response rate at the
follow-up assessments, we applied multiple regression
imputation methods to impute missing data on the investigated
variables using the imputation by chained equations (ICE)
procedure of Stata's statistical software [31]. We applied the
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intention-to-treat principle and considered all randomized
participants in the analyses. We crosschecked our results by
running the analyses with the nonimputed dataset.

History data were analyzed with descriptive statistics and
genera linear models for repeated measures using group
membership as a between-subject factor. Because retention was
crucia in this study, we explored the baseline predictors of
6-week retention, defined as completion of the consumption
diary, using binary logistic regression analyses. First, all
potential predictor variables were entered into a preliminary
regression model. Next, variables that were not significant
(P = .05) were systematically removed; only variablesthat were
significant (P < .05) were retained in the model.

Recruitment

The study participants were recruited between March 2010 and
October 2011 through the Snow Control website; websites of
outpatient treatment centers in the Canton of Zurich,
Switzerland; websites of national organizationsfor alcohol and
drug preventionin nightlife settings; and tailored advertisements
on national social mediaplatforms. In addition, advertisements
were placed on national Internet forums, newspapers, and on 2
television reports that were broadcasted on Swiss Television.
Peopleinterested in participating received more information on
the Snow Control website. The website explained the rationale
of the study, the different assessments, assessment schedules,
and the assessment duration. The participants were informed
about (1) study inclusion and exclusion criteria, (2) the potential
risks of participation, (3) safety arrangements during and after
the study phase, (4) the inability of Snow Control to replace
face-to-face therapy for problematic cocaine use/abuse, and (5)
the circumstances under which they should contact their general
practitioner or a professional from the medical advisory and
emergency list that was made accessible at all times and how
to make this contact. The participants were also informed that
the study was reviewed by the ethics committee of the Canton
of Zurich and given their declaration of no objection (nihil
obstat). Moreover, they were informed about their right to
withdraw from the study at any time without consequences.
Informed consent was accepted when participants clicked on a
field on the informed consent page and submitted the consent
with a submission button.

The study inclusion criteriawere aminimal age of 18 yearsand
cocaine use on at least 3 occasions in the past 30 days. The
exclusion criteriaconsisted of participation in other psychosocial
or pharmacological treatments for the moderation or cessation
of cocaine use, reports of opioid use in the past 30 days (with
the exception of substitution maintenance treatment for opioid
dependence without street heroin use in the last 30 days), and
previous treatment for cardiovascular problems or apoplexy.
Theexclusion criterion of aBDI score > 55 was omitted because
the average BDI depression characteristics were above the
55-point score.

The flow of study participants is depicted in Figure 1. A total
of 281 participants successfully registered online, provided their
informed consent, and completed the baseline assessment, but
85 (30.2%) did not meet the following eligibility criteria: (1)
age = 18 and (2) cocaine use on at least three occasions in the
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last 30 days [19]. Consequently, these participants were
excluded from further analyses. A total of 69 participants
(24.6%) reported less than 3 days of cocaine consumption in
the past 30 days (h =31 in intervention group and n=38 in
control group), but 7 of these participants (2.5%) reported
frequent use of amphetamines and began using Snow Control
to control their amphetamine use (n =5 in intervention group
and n = 2in control group). Another 8 participants (2.8%) who
were not excluded for other reasons reported street heroin use
in the past 30 days (n =3 in intervention group and n=5 in

Figure 1. Flowchart of study participants.

Schaub et al

control group); and 8 participants (2.8%) were currently being
treated for cardiovascular diseases (n = 3 in intervention group
and n=5 in control group). Therefore, 196 participants who
met the inclusion criteria entered the study and were randomly
allocated to the intervention or control conditions using the
background database. Participants who were not randomized
because they did not meet the inclusion criteria were allowed
to participate in the intervention. Recruitment ended after the
intended number of participants in the study protocol was
exceeded (n = 196).

[ Enrollment J

Assessed for eligibility (n = 281)

Excluded (n = 85)

+ Not meeting inclusion criteria (n = 85)
+ Declined to participate (n = 0)

+ Other reasons (n =0)

Randomized (n = 196)

I

L 4 r
.

Allocation ] ‘|'

Allocated to main intervention {n = 96)
+ Received allocated intervention (n = 18)

+ Did not receive allocated intervention (n = 78)

Allocated to control intervention (n = 100)
+ Received allocated intervention {n = 8)
+ Did not receive allocated intervention {(n = 92)

~

v [ Follow-Up Week 4 ] +

y

Completed assessment (n = 14)

Completed assessment (n = 19)

| [

Follow-Up Week 6 ] l

Completed assessment (n = 16)

Completed assessment (n = 14)

L

¥ [ Follow-Up Month 6 ] ¥

A

Completed assessment (n=7)

Completed assessment (n = 4)

Analysis ] '

A

Analyzed (n = 96)

Results

Baseline Characteristics

There were no differences between the Snow Control
intervention group and the control group in the examined
baseline variables (Table 1). Compared with the participants
whose main substance problem was cocaine who entered Swiss

http://www.jmir.org/2012/6/e166/
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Analyzed (n = 100)

outpatient addiction treatment (n=429) during 2010, the
participants in this study (n=196) were older (Chi-square
[x%] = 3.3, P = .001, Cohen's effect size w [w] = 0.132) and
more educated (university degree: 11.7 vs 3.9; higher
professional education: 23.5 vs 6.4; high school degree: 15.8
vs 11.6; apprenticeship/vocational school: 39.8 vs 67.2; and

obligatory school: 9.2vs12.0, X%, = 6.6, P = .001, w = 0.196).
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Table 1. Baseline characteristics of the participants in the Snow Control (intervention) group and control group.

Snow Control Control group Total ttest @ Chi-square®
Characteristics (n=96) (n=100) (N =196) (ta04) (x*2)
Gender n (%)
Female 22(22.9) 21(21.0) 43(21.9) 0.3
Male 74(77.1) 79 (79.0) 153 (78.1)
Age, mean (SD) 34.9(9.1) 33.4(8.5) 34.2(8.8) 1.150
Highest degree of education, n (%)
Obligatory school 7(7.3 11(11.0) 18(9.2) 0.5
Apprenticeship, vocational 39 (40.6) 39 (39.0) 78 (39.8)
school
High school degree 15 (15.6) 16 (16.0) 31(15.8)
Higher professional education 24 (25.0) 22(22.0) 46 (23.5)
degree
University degree 11 (11.5) 12 (12.0) 23(11.7)
Questionnaire scores, mean (SD)
Severity of Dependence Scale 7.8 (3.3) 8.2(3.0) 8.0(3.1 1.006
(SDS)
Cocaine Craving Question-  44.3 (9.8) 43.9 (10.6) 44.1(10.3) 0.095
naire-Brief (CCQ-Brief)
Beck Depression Inventory  55.5 (12.6) 57.7 (14.9) 56.6 (13.9) 1.309
(BDI)
Years of cocaine consumption, mean (SD) 6.2 (6.2) 7.2(7.5) 6.7 (6.9) 0.992
Method of cocaine consumption (multiple an-
swerspossible), n (%)
Nasal 86 (89.6) 96 (96.0) 182 (92.9) 0.1
Smoked 14 (14.6) 12 (12.0) 26 (13.3) 17
Ora 11 (11.5) 12 (12.0) 23(11.7) 0.5
Injected (nonintravenous) 1(1.0 4(4.0) 5(2.6) 13
Injected (intravenous) 3(3.1) 2(2.0) 5(2.6) 0.6
Lifetime substance use, n (%)
Amphetamines, ecstasy 20 (20.8) 27(27.0) 47 (24.0) 11
Cannabis 53 (55.2) 59 (59.0) 112 (57.1) 0.8
Benzodiazepines, barbiturates 11 (11.5) 7(7.0 18(9.2) 11
Heroin 4(4.2) 4(4.0) 8(4.1) 01
Methadone 3(3.1) 1(1.0 4(2.0) 10
Treatment for addiction-related problemsduring 19 (19.8) 21 (21.0) 40 (20.4) 0.0
lifetime, n (%)
Substance use at least once last 30 days before
baseline assessment, n (%)
Amphetamines, ecstasy 18 (18.7) 19 (19.0) 27 (18.9) 0.0
Cannabis 37(38.5) 49 (49.0) 86 (43.9) 18
Benzodiazepines, barbiturates 14 (14.6) 8(8.0) 22 (11.2) 14
Heroin 0(0) 0(0) 0(0) —
Methadone 221 2(2.0) 4(2.0) 1.0
Alcohol use 82 (85.4) 86 (86.0) 168 (85.7) 0.6
http://www.jmir.org/2012/6/e166/ JMed Internet Res 2012 | vol. 14 | iss. 6 [€166 | p.52
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Snow Control Control group Total ttest® Chi-square®
Characteristics (n=96) (n=100) (N =196) (t104) (le)
Binge alcohol use 40 (41.7) 36 (36.0) 80 (40.8) 0.6

@ None of the comparisons was significant (P < .05).

The participants in this study reported an average of 6.7 years
(SD 6.9) of cocaine use and their most frequent method of use
was snorting cocaine (182/196, 92.9%). Most of the participants
had not used heroin (188/196, 95.9%) or methadone (192/196,
98.0%) in their lifetimes. The use of amphetamines or ecstasy,
substances typically consumed during local nightlife activities
[23], was reported by 47 (24.0%) participants. Of the included
participants, 54 (27.6%) had been previously treated for a
depression disorder, 20 (10.2%) had been treated for an anxiety
disorder, and 12 (6.1%) had been treated for other diseases,
such as attention deficit disorder/attention deficit hyperactivity
disorder (6/196, 3.0%), anorexia (2/196, 1.0%), psychosis
(3/196, 1.5%), and borderline personality disorder (1/196, 0.5%).
A total of 8 participants (4.1%) reported being positive for the
human immunodeficiency virus. Therelevant baseline variables
did not differ between groups (Table 1). In addition, the
intervention and control groups did not differ with respect to

the receipt of treatment for addiction-related problems (x?; = 0.0,
P = .83, w = 0) or mental health-related problems (depression:
X% =02, P= .63, w=0.001; anxiety: x> =0.7, P= .40,
w = 0.004).

Intervention Participation

Participantsin the Snow Control intervention group completed
more modules (mean 2.60, SD 2.04) than those in the control

Table 2. Logistic regression of baseline variables for retention at Week 6.

group (mean 1.80, SD 1.60; t,4, = 3.086, P = .002, Cohen’'sd
[d] =0.438). Because intervention modules were accessible
week-by-week in both groups, this result aso reflects the
average time, in weeks, that participants remained in their
intervention. Overall, the average number of days that elapsed
between the first and last log-ins did not differ between the
intervention group (mean 32.53, SD 31.52) and the control
group (mean 27.44, SD 20.53; t;, = 1.335, P = .28,d = 0.191).

Retention

According to the consumption diary data, retention in the
intervention group (see Figure 2) was significantly greater than

that of the control group (week 6: X%, = 2.1, P = .04, w = 0.220).
The contact rate for questionnaires at the 6-month follow-up

was very low for both the Snow Control intervention group
(7196, 7.3%) and the control group (4/100, 4%).

Table 2 depictsthefinal predictor model for treatment retention.
Inclusion in the intervention group was related to retention at
week 6 (oddsratio [OR] = 2.65, Cl 1.04 - 6.77, P = .04). Other
relevant factorswereage (OR = 1.05, Cl 1.01 - 1.10, P = .047)
and depression symptoms (OR = 1.06, Cl 1.02 - 1.11, P = .004).
The severity of cocaine dependence was associated with
treatment retention and was below 1.0 (OR=0.76, ClI
0.64 - 0.92, P = .005) indicating that participants with higher
severity scores showed poorer treatment retention.

Variables Oddsrratio (95% Cl) P
Condition (0 = control group, 1 = intervention group) 2.65 (1.04-6.77) .04
Age (range 18-56) 1.05 (1.01-1.10) 047
Severity of dependence (SDS, range 1-10) 0.76 (0.64-0.92) .004

Depressive symptoms (BDI, range 20-91)

1.06 (1.02-1.11) .005
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Figure 2. Retention in the Snow Control online self-help intervention (n = 96) and the control condition (n = 100).

Study Outcome Results

Table 3 presents the results of the GEE analyses using the
imputed dataset for continuous outcomes. As seen in Table 4,
no significant group x timeinteractionsin the severity of cocaine
dependence (P = .75) were seen. Furthermore, no significant
group x time interactions were observed in the secondary
outcomes of cocaine craving (P = .90) or depression (P = .57).

http://www.jmir.org/2012/6/€166/
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Table 5 presents the results of the GEE analyses using the
imputed dataset for binary outcomes.

As seen in Table 6, no group x time interactions were found
between in the consumption of cannabis, cocaine, or alcohol at
thefollow-up assessments (P = .05). We observed similar results
for the GEE analyses of the nonimputed dataset, which resulted
in no significant group x time interaction terms for any of the
investigated variables.
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Table 3. Descriptive statistics of the continuous outcome variables from the imputed dataset.

Schaub et al

Continuous outcome variables Baseline 4 weeks 6 weeks 6 months
Severity of Dependence Scale, mean (SD)
I ntervention group 78(3.3) 73(5.2) 52(3.4) 38(21
Control group 8.2(3.0) 7.1(5.3) 5.4 (3.4) 4.0(2.2)
Cocaine Craving Questionnaire-Brief, mean (SD)
I ntervention group 44.3 (9.8) 46.3 (12.1) 485 (11.2) 474 (7.2)
Control group 43.9 (10.6) 45.1 (14.1) 47.8 (11.4) 46.6 (7.6)
Beck Depression I nventory, mean (SD)
Intervention group 55.5 (12.6) — 51.8 (16.3) 45.0 (10.5)
Control group 57.7 (14.9) — 54.3 (16.9) 45.6 (10.6)

Table 4. Results from linear generalized estimating equation (GEE) models examining the effect of study group (control group vs Snow Control
intervention), time, and study group x time interaction terms on cocaine dependence, cocaine craving, and depression.

Continuous outcome variables Beta

Stan

dard error

t test

P

Severity of Dependence Scale (SDS)? (degrees of freedom [df] = 8.4)

Study group (control vs intervention) -0.3

Study group x time 0.07
Cocaine Craving Questionnaire-Brief (CCQ-Brief)? (df = 7.3)

Study group (control vs intervention) 0.67

Time 1.07

Study group x time 0.07

Beck Depression Inventory (BDI)b (df =6.5)

Study group (control vs intervention) -2.8

6

Time -1.45

6

Time —4.45

Study group x time 0.43

0.74
0.23
0.22

1.92
0.78
0.60

2.69
1.09
0.76

-0.49
—6.25
0.33

0.35
1.37
0.12

-1.06
—4.08
0.57

.63
.000
75

.73
21
.90

.29
.006
57

8 Variable was assessed at baseline, and at 4-week, 6-week, and 6-month follow-ups.
b Variable was assessed at baseline, and at 6-week and 6-month follow-ups.

Table 5. Descriptive statistics of the binary outcome variables from the imputed dataset.

Binary outcome variables Baseline

4 weeks

6 weeks

6 months

Cannabis consumption within previous month, %

Intervention group 385

Control group 48.6
Cocaine consumption within previous month, %

Intervention group 100

Control group 100
Alcohol consumption within previous month, %

Intervention group 854

Control group 86.0
Binge drinking within previous month, %

Intervention group 41.7

Control group 36.0

57.1
60.2

75.8
76.6

73.5
74.4

60.2
62.8

66.7
69.4

71.2
76.4

76.9
77.2

52.5
59.6

84.0
89.2

66.9
62.4

100
100

74.2
71.4
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Table 6. Results from logistic generalized estimating equation (GEE) models examining the effect of the study group (control group vs Snow Control
intervention), time, and the study group x time interaction terms on the consumption of different substances.

Binary outcome variables? OR (95% CI)° rsé"r"ndar der- ttest P
Cannabis consumption within previous month (df = 9.4)
Study group (control vsintervention) 0.73(0.30- 1.79) 0.33 -0.69 49
Time 192 (1.32-2.79) 0.32 3.93 .003
Study group x time 1.03(0.72- 1.47) 0.18 0.18 .86
Cocaine consumption within previous month (df = 4.0)
Study group (control vsintervention) 0.78 (0.17 - 3.55) 0.22 -0.07 .95
Time 0.42 (0.07 - 2.50) 0.45 -0.58 .59
Study group x time 1.08 (0.70 - 1.67) 0.24 0.36 72
Alcohol consumption within previous month (df = 10.0)
Study group (control vsintervention) 0.95(0.42- 2.15) 0.39 -0.13 .89
Time 1.42 (1.06 - 1.90) 0.19 261 .02
Study group x time 1.01(0.74- 1.37) 0.15 0.07 .95
Binge drinking within previous month (df = 5.0)
Study group (control vsintervention) 1.13(0.45- 2.84) 0.52 0.28 .78
Time 157(0.77-3.21) 0.44 164 .16
Study group x time 0.94 (0.66 - 1.34) 0.16 -0.35 73

@ V/ariables were assessed at baseline, and at 4-week, 6-week, and 6-month follow-ups.

b OR: oddsratio.

Consumption Diaries

According to the consumption diaries (see Figure 3), therewere
no differences in the reduction of the average weekly use of
cocaine (in milligrams) between the intervention and control
groups a week 4 (tz; =0.077, P =.94, d = 0.010) or week 6
(t,4 =0.544, P = .59, d = 0.245). Similarly, the mean number
of cocaine-free days per week recorded in the consumption
diaries did not differ between groups at week 4 (t45 = 2.225,

http://www.jmir.org/2012/6/e166/

RenderX

P = .31, d=0.512) or week 6 (t;p = 0.841, P = .94, d = 0.079).
Overall, the average number of cocaine-free days per week did
not change significantly between week 1 and 6 (t3; =-1.189,
P=.24, d=0.311, imputed data set: t;o5 = 1.26, P = .21),
whereas the weekly quantity of cocaine used decreased equally
in both groups between week 1 and 6 (t,5 = 3.188, P = .004,
d=0.761, imputed data set: t;g5 = 2.63, P = .009) as seen in
Figure 4.
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Figure 3. Mean weekly cocaine-free days for weeks 1 to 6.
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Figure 4. Mean weekly milligrams of cocaine for weeks 1 to 6.
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Adverse Eventsand Additional Help

During the study, 13 participants (6 in Snow Control
intervention and 7 in control group) contacted outpatient
treatment services for additional help as indicated on the
website. Of these participants, 5 received medical advice by
telephone (3 in Snow Control intervention and 2 in control
group), and 8 (3 in Snow Control intervention and 5 in control
group) entered an outpatient treatment service because they
found the help received through the website to be insufficient.
Most of these participants reported impul sive cocaine use and/or
severe psychiatric comorbidity.

Discussion

According to the results of our study, the implementation of a
fully automated cognitive behaviora online self-help
intervention for the reduction of cocaine useis feasible, but of
limited effectiveness when compared with a psychoeducative
active control condition in asample of relatively treatment-naive
cocaine users. There was not a greater improvement in the
severity of cocaine dependencein the Snow Control intervention
group than in the control group. Participantsin theintervention
group who remained in treatment reduced their average weekly
use of cocaine (in milligrams) to asimilar level asthat observed
inthe control group; the average weekly cocaine-free dayswere
somewhat higher in the control group, but did not change
substantially in either group. Cocaine craving, alcohol use, binge
drinking, use of illicit substances other than cocaine, and
depression characteristics also did not improve compared with
controls. Study retention and intervention participation were

http://www.jmir.org/2012/6/e166/

RenderX

higher in the Snow Control intervention group, suggesting that
thistype of intervention was more attractive to participants than
the alternative psychoeducative information, corresponding
quiz, and limited consumption diary that was presented to the
control group.

One reason that only very small differences were observed
between the intervention and control group might lie in the
comparable durations for each module and the similar stepwise
weekly access to the modules. Sessions for both groups were
designed to demand similar time from their users [19], and a
short consumption diary was even implemented in the control
condition to ensure comparability. Thus, asignificantly greater
reduction in cocaine consumption in the Snow Control
intervention would have reflected the superiority of a fully
automated cognitive behavioral self-help intervention to an
active control condition.

One obvious reason why we did not find a greater reduction in
the frequency of cocaine use or in the severity of cocaine
dependence was the fact that the majority of participants chose
to reduce the quantity of cocaine consumed, but did not choose
to increase the number of cocaine-free days. This finding was
the case although we communicated that this intervention was
intended to help participants control or reduce cocaine use or
to achieve cocaine abstinence [19]. Thus, the users of the Snow
Control intervention focused on moderation of cocaine use and
prevented the weekly escalation of cocaine use by controlling
their quantity when using, but not by increasing their number
of cocaine-free days. In other words, they followed a
harm-reduction strategy.
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Limitations

Although the number of questionnaires was limited, the
participants demonstrated a clear aversion to completing the
guestionnaires. Thisaversion wasthe primary flaw in the study
design. Many participantsfilled out the consumption diary and
used the designed modules or read the psychoeducative texts,
but they simply closed their Internet browsers when the
guestionnaires began. The implementation of telephone contact
to increase study retention, as performed in similar studies for
the reduction of alcohol [14] or tobacco use [13], was clearly
rejected in the pilot study [19] because cocaine users may fear
repressive activities by the police or other authorities.
Furthermore, the compensation (€40) for the follow-up
assessment did not motivate the participantsto log in again and
complete the questionnaires. A similar compensation at week
6 was not possible due to budget constraints and it was not
initially included in the study protocol [19].

The dropout rates for completion of the consumption diary
(81.2% in the intervention and 92% in the control group) were
higher than we expected (70%) when we designed the study as
a randomized controlled trial. In addition to inclusion in the
intervention group, factors that contributed to the retention of
participantsin treatment until week 6 included the low severity
of symptoms of cocaine dependence, age, and depression
symptoms, suggesting that the online self-help format is difficult
to follow for more severely cocaine-dependent participants and
has better retention for depressed and older cocaine users.

Future variations of the intervention will attempt to increase
retention by implementing personal, but anonymous, chat
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contacts similar to those implemented in an online self-help
intervention for cannabis users[32]. Additionally, theintegration
of Snow Control into a national addiction online counseling
portal in which it will be possible to compare this self-help
intervention with professional online counseling by email
contacts is planned. Future studies will integrate modules
addressing depression symptoms and will attempt to prevent
users from failing to complete the eval uation questionnaires.

We strongly recommend the development of a consumption
diary asthe primary outcome measure for | nternet-based studies
aimed at the reduction of illicit substance use. Additionally, if
feasible, contingency management (compensation for
online-intervention attendance) might increase treatment
retention. Unfortunately, in addition to the financial limitations
of this study, this contingency management strategy was not
feasible in this study in Switzerland due to the structure of the
treatment supply center and the probabl e strong rejection from
health authorities and palitics.

Conclusions

We conclude that a fully automated Web-based cognitive
behavioral self-help intervention is feasible, but of limited
effectiveness compared with a psychoeducative control group
for cocaine users with low dependence severity. This type of
intervention may attract older and more educated participants
than existing outpatient treatments for which cocaine is the
primary substance of abuse and might help to control
participants cocaine consumption. Future studies should attempt
to improve treatment retention through additional Web-based
approaches, such as anonymous chat sessions, and investigate
the program’s effectiveness in more detail.
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Abstract

Background: Effective management and care of diabetesis crucial to reducing associated risks such as heart disease and kidney
failure. With increasing access and use of the Internet, online chronic disease management is being explored as a means of
providing patients with support and the necessary tools to monitor and manage their disease.

Objective: The objective of our study was to evaluate the experience of patients and providers using an online diabetes
management portal for patients.

Methods: Participants were recruited from alarge sample population of 887 for afollow-up questionnaire to be compl eted after
6 months of using the patient portal. Participants were presented with the option to participate in an additional interview and, if
the participant agreed, atime and date was scheduled for the interview. A 5-item, open-ended questionnaire was used to capture
providers opinionsof the patient portal. Providersincluded general practitioners (GPs), nurses, nurse practitioners (NPs), dieticians,
diabetes educators (DECs), and other clinical staff.

Results: A total of 854 patients were consented for the questionnaire. Seventeen (8 male, 9 female) patients agreed to participate
in atelephone interview. Sixty-four health care providers completed the five open-ended questions; however, an average of 48.2
responses were recorded per question. Four major themes were identified and will be discussed in this paper. These themes have
been classified as: facilitators of disease management, barriers to portal use, patient-provider communication and relationship,
and recommendations for portal improvements.

Conclusions: Thisqualitative study showsthat online chronic disease management portal sincrease patient accessto information
and engagement in their health care, but improvementsin the portal itself may improve usability and reduce attrition. Furthermore,
this study identifies a grey area that exists in the roles that GPs and AHPs should play in the facilitation of online disease
management.

(J Med Internet Res 2012;14(6):€158) doi:10.2196/jmir.2265
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Introduction

Diabetes can be a debilitating chronic disease, with a large
number of associated co-morbidities. Effective management
requires extensive patient engagement and external support
[1,2]. Asaresult, thispopulation is often studied when exploring
innovative chronic disease management tools.

There have been a number of investigations into the ability of
I nternet-based tool sto facilitate diabetes self-management, and
some have produced encouraging results [3,4]. Research into
the use of diabetes portals has typically shown that access to
information and support via online patient-centered tools is
capable of improving health indicatorsfor patients and engaging
them in the management of their disease [4-6]. Portal use and
access have typically been seen favorably by patients, but
technological barriers remain (such as with using sophisticated
blood glucose monitoring programs). Long-term adherence is
the most commonly reported barrier to greater usage of diabetes
portals, and findings are mixed in terms of the effectiveness of
ongoing follow-up [7]. There is some evidence to suggest that
a combination of personalized content, goal setting, and
automatic follow-up is effective in keeping patients engaged
beyond the short-term [8-11]. Studies on provider acceptance
of diabetes portal s have shown that providers are often rel uctant
to adopt these technol ogies because of lack of knowledge about
the Internet or information technology systems[12,13].

Many issues remain unexplored with respect to the scope of
online diabetes management portals. Most studies are of Type
Il diabetics with highly educated, computer-savvy patient
participants[3,5-7,14]. Some studies collect “ sel f-management”
data, but more commonly previous research has focused on
portal use, and success was measured by quantifiable health
outcomes (typically changesin HbA1c) [3,6,15,16]. Few studies
have sought to assess portal feasibility and usage qualitatively.
Thosethat have do not often consider the health care providers
experience with the portal, nor do they include the experience
of both patientsand providers[5,17]. Thus, while Internet-based
diabetes management tools have been shown to improve health
indicators for diabetics and engage patients in the short term,
further research is needed into the scope of such tools and the
role played by providers[18].

We conducted a qualitative study to explore the experience of
patients and providers with a diabetes management portal
implemented by the Waterloo Wellington Local Health
Integration Network (WWLHIN).

Methods

Patient Portal

The patient portal isan online site that was designed for use by
physicians and their patients. Its purpose is to engage patients
in self-care and empower them to take a more active role in
their diabetes management. The site features disease
management tools that allow patients to log health metrics and
providersto monitor these patient-entered health metrics, which
include blood glucose, blood pressure, and body weight. The
portal provides access to two key resources: (1) a “Health
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Library”, which hosts interactive diabetes education materials
for patients and providers, and (2) access to “Personal Health
Records’, which is a secure online system that allows patients
to consolidate their personal health information. The latter
includes contact information, medica and family history,
medication details, lifestyle choices, and test results[19], which
can be managed by patients and provide them with a
comprehensive picture of their health status and health trends.

A patient portal, specifically an online diabetes management
tool for patients, was implemented as a pilot program by the
Waterloo Wellington Local Health Integration Network
(WWLHIN) with patient recruitment lasting for four months.
Participants were given an introduction to the portal interface,
and technical aspects (such as blood glucose recording) were
explained. Based on the severity of the patient’s condition and
the self-management needs, participants were stratified into one
of three portal use regimens. GREEN, YELLOW, or RED.
Participants in the GREEN regimen were asked to record their
health metrics 1-2 times per week, those in the YELLOW
regimen were asked to record their health metrics 3-6 times per
week, and participants stratified into the RED regimen were
asked to record their health metrics 7 times a week. Each
regimen was tailored by the patient’s clinician to meet the
patient’s specific needs (eg, one patient may be required to
record their body mass, while another may not); however, it
was standard for all patients to record blood glucose
measurements at the prescribed freguency.

To evaluate the portal, a six-month follow-up Benefits
Evaluation was employed with ethica approval from
Institutional Review Board Services, Aurora, Ontario
(“HEALTHeCONNECTIONS Project—Benefits Evaluation
Program” Version 3.0 dated 2009-06-17). The Benefits
Evaluation utilized both survey tools and measures of
physiological parameters. Participants were asked to record
physiological measures as per the severity of their conditions.
Surveys were completed pre- and post-intervention using
QuestionPro, an online survey service. Qualitative datacollected
from this evaluation were used to identify emerging themes to
describe the patient and provider experiences with the portal.
Results of the surveys are reported elsewhere. This manuscript
reports on the results of the qualitatively gathered data.

Participant Recruitment

Participants were selected from alarger sample population (N
= 887) and recruited for the Benefits Evaluation of the patient
portal as part of the HEALTH eCONNECTIONS Project.
Patients who consented to parti cipate in the Benefits Eval uation
were asked to complete a follow-up questionnaire after using
the patient portal for a period of six months, and an option for
participating in an interview was presented. Those who agreed
were considered for an interview. Purposive sampling was used
to ensure that respondents to the interviews reflected the
demographic of the larger study population. Patients selected
by purposive sampling were contacted and, if they agreed to
participate, an interview date and time were scheduled. If a
patient declined to be interviewed, or could not be reached,
alternative patients were selected using the same criteria. This
process was carried out until saturation was achieved.
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Providers responses were gathered through the analysis of
responsesto five open-ended questionsincluded in a post-study
guestionnaire. Thematic analysis of responses was conducted,
and emergent themes wereidentified. Providersincluded amix
of general practitioners (GPs), nurses, nurse practitioners (NPs),
dietitians, diabetes educators (DECs), and other clinical staff.

Data Analysis

Text from transcribed interviews with patients and open-ended
responsesfrom providerswas coded (by key termsand phrases)
and sorted by theme (parent and subtheme). Qualitative data
analysiswas completed independently by two different members
of the research team (EL and ZK). A third member of the team
(SU or DW) reviewed all themes and acted as an additional
reviewer when consensus was not reached. Emerging themes
from the two analyses were compared and contrasted and
considered in light of relevant literature. NVivo version 8
software (QSR International, Doncaster, Victoria, Australia)
was used to facilitate the coding and sorting process.

Results

Seventeen patients (eight male, nine femae) agreed to
participate in semi-structured telephone interviews. There was
at least oneinterviewee from each of the participating WWLHIN
Family Health Teams. Sixteen of the 17 patients interviewed
were patients with Type |1 diabetes. The remaining patient had
Type | diabetes.

A total of sixty-four health care providers completed the five
post-study, open-ended questions regarding their experience
with the patient portal. Not all respondents answered each of
the 5 open-ended questions. An average of 48 provider responses
per question were recorded for the five questions, with arange
of 41-58 responses depending on the question.

Four major themes were identified through an analysis of the
data, each with several subthemes. The themes were classified
as (1) facilitators of disease management, (2) barriersto portal
use, (3) patient-provider communication and relationship, and
(4) recommendations for porta improvements. Below we
present each of the four themes together with the subthemes.

Theme 1: Facilitators of Disease Management

Patient Awareness of their Disease

Patient responses generally indicated that the graphs displaying
health data, which illustrate significant trends, were very helpful
and improved their self-awareness of their health status. They
were better ableto track their disease. Accessto credible health
information was said to increase awareness of potential side
effects and co-morbidities and often encouraged better disease
management.
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Provider responsesindicated that the concept of the portal was
valuable. Providersnoticed animprovement in patient awareness
and felt that patients perceived they were better managing their
disease.

However, providers cautioned that those patients reporting
health measures through the portal frequently and consistently
may have already been inclined to do so with or without the
portal. Providers expressed a perceived concern that too much
patient self-care, resulting in a potential for reduced quantity of
medical care, was also of some concern. It was occasionally
reported that the providers thought some patients would skip
necessary appointmentsor fail to alert aprovider of ahigh blood
sugar reading.

Access to | nformation

Anaysis revealed that the Health Library was not used
extensively by patients. It was thought that this feature could
be improved, and it was recommended that information about
healthy food options and resources for low-income families
should be available. However it was agreed that theinformation
provided was generally viewed positively and thought to be
valuable by those that required and accessed it.

Providers also viewed the health information available on the
portal positively but felt that accessing the right information at
the right time had often proved difficult. Occasionaly, the
Health Library was not used due to frustration with the portal
interface. Some providers who had accessed the library found
it cumbersome to navigate.

Self-Efficacy and Behavior Change

Patient responses strongly indicated that the portal was used to
make small changes to disease self-management behaviors.
There was feedback that viewing blood sugar and weight values
on the portal alerted them to the fact that they were not
adequately controlling their diabetes. As a result, adjustments
were made in diet and exercise regimen. Responses indicated
that there were patients who felt they were managing their
diabeteswell and did not feel they needed to make any changes
to their self-care regimen.

Providers reported that patients recorded their blood sugar
frequently, and there was a perception that viewing trends/graphs
had positive outcomes for patients. The reporting and tracking
of blood glucose and other health indicators were believed to
be the most useful features of the portal for both patients and
providers. The portal provided an added source of motivation
especialy useful for “new diabetics’ learning to manage their
disease.
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Subtheme Patient quotes

Provider quotes

Patient awareness

“1t helped me understand that, so it made me watch my
sugar more often when | wasin pain. | would check my

“The more that pts [patients] understand their issues the more
they are motivated to be responsible...”

sugar to find out if it was high or low and try to tiein the
highness of the sugar with the pain | wasin or you know,
stuff like that and with the eyesight as well it took alot
of, like, what | was really worried about was the eyesight
when | found | was diabetic and it helped me with that

quite abit...”

Access to Information

“1 found it easy to use and with using the health portal,

“Occasionally a patient used the portal to report symptomsthat
should have triggered an office visit. Also, | am concerned they
would usethisinstead of having their regular formal lab evalu-

ation and follow-up visit” &

“They are probably the patients that would bring accurate
records to their [appointments] anyway.”

“[The most useful feature was] the Health Library”...

using that section | found it much easier and faster be-
cause it gave me the topics that were relevant to what |
was looking for and not alist of suggestions, that might
be relevant aswell, it just gave me what was relevant to

what | was looking for...”

Self-efficacy and behav-
ior change

“1 also found it kind of, you know, embarrassing because
| would look on it and say, okay, | haven't put a blood
record inin 52 daysand | haven't really checked my
blood, | guess I'd better do that, you know. Like, it gave

“Sharing care could be useful, but it did not seem like mydoc-
tor.ca was utilized as anticipated due to the time it took to
use...cumbersome, lots of unnecessary/irrelevant information,

little added value...” 2

“Allowing patients to receive their lab results/data without
having to phonein or comein for an appointment. This allows
them to receive their health information faster, which may help
them be more proactive in their health care.”

me the kick in the butt, on the butt to...oh, gee, | better

start putting logs again and that.”

“Patient self management [isthe most useful feature], but having
someone look over their results for intervention if needed. Best
used for new diabetics to help them see patterns, educating as
they become used to dealing with their disease.”

8| talicized quotes denote contrasting opinions.

Theme2: Barriersto Portal Use

Usability and Discoverability

Patients found the patient portal easy to navigate and
user-friendly. However, improving the convenience of the portal
seemed to be important to many patients. Barriersincluded, but
were not limited to, slow dial-up Internet access, the time
required to enter data, and the difficulty of data entry.

Providerswere generally dissatisfied with the portal’s usability
and discoverability (ease with which they could find elements
of the portal). When asked what improvements could be made,
responses often focused on technical issues. When asked
whether they would liketo increase or decrease portal use, many
who responded decrease in portal use cited usability and
discoverability as the reasons.

Appropriateness

It was often reported that other life events had taken priority
over disease self-management and use of the portal. Although

http://www.jmir.org/2012/6/e158/

not a significant trend, apathy toward the portal and toward
disease management in general was occasionally apparent. Some
patients felt that they were controlling their diabetes well or
found that their health measurements had been fairly stable and
therefore did not feel the need to enter information. There was
also atendency for patients to see some information input as
trivial or less useful.

Providers believed that accessing patient information was time
consuming and sometimes redundant (eg, due to manual data
entry). There was often concern that engaging with the portal
would decrease the time they could spend with patients.
Providerswere concerned patientswould report health indicators
onlinein addition to calling the clinic office, thereby resulting
in aduplicate of provider efforts and areduction in the quality
of care, although there were few reports of this taking place.
Therewere also providerswho remained unsureif diabeteswas
the right chronic disease for the portal as it was believed that
this population is already fairly proficient at monitoring their
disease.
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Table 2. Theme 2—Barriersto portal use.
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Subthemes

Patient quotes

Provider quotes

Usability and discoverability

Appropriateness

“1 didn’t enjoy using it. And it was areal pain and it took
alot of time and would rather have had something like,
you gave me ablood monitor and | just downloaded it...”

“| can't take a half aday to sit in front of the computer to
put the information in.”

“I"ve got other things that are pressing on my mind that
I'vetaken, you know, precedence and overridden everything
else that's going on and until those matters get taken care
of I've put alot of stuff that | shouldn't, especially the dia-
betes and that on the back burner until the other stuff gets
taken care of...”

“No, | don’t think so, really. Just ‘ cause...| mean...see, I've
been adiabetic and high blood pressure that has been under
control...for avery long time. Well, | know myself probably
better than the doctor does, you know what | mean?’

“The problems were largely infrastructure: the program
versions; the hardware; the connectivity issues; the actual
program for care was fine.”

“The system is cumbersome and needs an interface that
addresses the needs of patients and data entry require-
ments.”

“1 hate computers and find most interactions frustrating.
Thisisfor the future and most of my patients with disease
are even less computer knowledgeable than 1.

“...many patients brought in sheets of info they felt were
important or clinically relevant (eg, individual glucose
graphs), which had limited use, but instead served to in-
creasevisit timeas| educated why the measure was not as
important as other indicators. Longer visits, little added
benefit.”

“The messaging system is great yet can be utilized nega-
tively by patientsincreasing workload on mydoctor.caand
decreasing timefor other patient interactionsin office. The
messaging system has also increased expectations from

patients for immediate response.”

Theme 3: Patient-Provider Communication and
Relationship

Role of Allied Health Professional

It was shown that patients interacted primarily with an allied
health professional (AHP) via the portal. The providers who
actively used the portal included dietitians, nurses, nurse
practitioners, and diabetes educators. The portal isdescribed as
“physician driven”, but it was clear that other health
professionals monitored patient health indicators more
frequently than physicians.

For those providers that self-identified, it was clear that AHPs
interacted with patients more frequently via the portal than
family physicians. Although many physicians responded to the
guestionnaire, they often referred to AHPs in their responses.

Provider Engagement Challenging

Although communication seemed to occur primarily with a
nurse, dietitian, or other AHP via the portal, patients often
wished their physician had taken more of an interest in the
program and had reviewed the information they had entered on
the portal during their clinic visits (this was also largely done
by AHPs). Responsesrevealed that it would have been beneficia
if ahealth care provider had referred them to information in the
Health Library. The responses typically reflected a widespread
notion that physicians were often busy and may be unable to
fulfill this role as much as they would have liked.

Providers commonly viewed patients' interactions with the
portal positively and their own interaction negatively. Negative

http://www.jmir.org/2012/6/e158/

comments typically concerned time constraints and technical
barriers. There were instances where providers indicated that
they believed the portal may be more beneficia for patient
self-education than for significant provider usage.

Patient Support

When asked, patients generally felt that the portal experience
would be improved if there was greater access to clinical
support. These patientswould have liked to have had aclinician
available to explain health information and answer questions
that the Health Library could not (eg, about online lab results).
Patients often reported reduced anxiety about their health
knowing that a health care professional was monitoring their
health status. Patients who responded thisway also felt reassured
knowing they had “ access’ to their health care professional via
the portal at any time of the day. There were also requests for
greater ongoing support, as adherence typically declined over
the 6-month study period.

It was clear that providers appreciated the ability to view
patients' blood sugar and blood pressure trends, partly because
it allowed them to manage patients without in-person
appointments and alert them if a health indicator was out of
normal range. Some providers expressed concern that patients
assumed providers were watching their health status on the
portal all of the time and might therefore leave problems
unreported (ie, some patients assumed that an elevated blood
sugar level would be flagged by a health care professional and
therefore did not contact their provider).
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Subthemes

Peatient quotes

Provider quotes

Role of AHP

Provider engagement
challenging

Patient support

“They went over them. [The dietitian] went over [them)]
when | saw [her] and [the nurse] went through them. [The
doctor] never really did go through them... heleft it to, like
the dietitian and the nurse to go through with me...”

“Well, the doctors are so busy these daysand you really hate
to bother them and the nurse was always available”

“No...I found it easy to use and | guess | would have liked
to have seen it more central in my discussions and my ap-
pointments with the doctor but that's not a...not amajor is-
sue”

“Like, I know he checked it once when | was there to see
what my recordsand that were when | waswith him and...but
that's just because | was there with them and | believe that
even then it came up that it was checked by [the nurse] on
the behalf of [the Dr.] not him checking it and | thought that
was alittle weird. | thought it should be the fact that the
doctor actually checked it.

“If I would have had more support from the doctor saying,
okay [anonymous], we haven’t heard from you for awhile,
can you ASAP your information to us so we can keep on
contact with you.

“| really think there should have been more asto what were
we expecting our numbers to be? What was appropriate
numbers? And where were you at and could you compare
your A1C and talk to your doctor every third month because
we did this for six months wasn't it or something...”

“| felt more comfortable because | knew that somebody was
getting my resultsand they werelooking at them and if there
was a problem they could email through the portal and just
tell meif there's, you know, you should be doing this or that
the other thing.”

“[The portal] enabled the FHT DM nurse to become better inte-
grated into the communication and care loop with my patients
and myself.”

“[It was important]...that pts can review their results and can
communicate with our diabetic care team; ultimately hopeful
that self-management increases and fewer MD visits required”

“Some of this assumes Drs are sitting around with nothing
better to do but review volumes of patient lab results’ 2

“[The portal was] somewhat useful for health professional...”
a

“...in a busy clinic- we would require to put time aside more

to manage patients, which is not actually our mandate in the
community” 2

“[Theportal] allowed timely accessto view blood sugar readings
entered by patients—I would be ableto titrate medications based
on values sooner than | would have been able to if having to
comein for app'ts”

“ Some patientstake lessresponsibility in their self-management
of the disease as they feel that the health care provider isin

constant review of their blood sugars” 2

8| talicized quotes denote contrasting opinions.

Theme4: Recommendationsfor Portal |mprovements

Accessto | nformation

Patients generally responded that the portal content was more
than adequate but found it occasionally difficult to access. It
was reported that an online tutorial would have been very useful
so they could learn and navigate at their own pace. It was
difficult for patients to remember the large amount of content
taught to them at the portal orientation, and many were not
aware of important portal features.

Provider responses revealed that neither they nor the majority
of their patientswere ableto usethe portal easily. Moretraining
and improved portal usability testing were said to be needed
for the portal to be used more effectively. 1ssues with specific
features such asthe display of health indicators and with reading
weight and exercise val ueswere mentioned less by respondents.

http://www.jmir.org/2012/6/e158/

Technical Aspect

Patients generally believed that access to information via the
portal was easy and more trustworthy than a generic search
engine (eg, Google). It was evident, however, that the portal
was not used extensively beyond blood sugar reporting and
typicaly the usage declined over time. It emerged that some
patients would have appreciated enhanced technical support.

Commentsfrom providers suggested that they often viewed the
portal as cumbersome and confusing. Providers commonly
responded that communication was slow and the interface
difficult to navigate for themselves, other providers, and for
patients. However, it is unclear how often these providers
interacted with the portal or whether these responseswerefrom
GPsor AHPs.
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Subthemes

Patient quotes

Provider quotes

Access to information

Technical aspect

“[We] were never instructed when we went for our little
introduction to doing this, instructed where our numbers
should be, what we should do with our numbers, what
the heck they were doing...”

“1 did enter my dataand in thiscase | had several months
of...I had been collecting data for anum...and | wanted
to enter all that data but | had to go back and retroactive-
ly enter it and | found that very cumbersome and awk-
ward to do. As soon as | would get a piece of dataen-
tered the computer would keep bouncing back to the
current date and | had to scroll al the way back again
to the next day and enter that data. So, it was very time

“1 needed much more orientation, coaching. Nobody
seemed to notice | was not engaged.”

“Patients reported that it wasn't always the most user-
friendly system. They found the entering of back dates often
difficult.”

consuming and awkward.”

“...the technology itself has many little but significant
barriers’

“...cumbersome, redundant, inefficient”

“1f the system was more user-friendly and quicker to navi-
gate it would be more useful.”

Discussion

In general, patients were satisfied with the features offered by
the portal and felt more aware of their health status. However,
apart from recording blood sugar readings, patients seemed to
use only asmall number of features offered by the portal. It is
unclear from the results of this study if that is because the
features required too much effort or if it was because they were
not needed by the patients. It is aso important to note that
frequency of use varied between patients and often declined
over time. Difficulty with fostering long-term adherence is
frequently cited in the literature as a barrier to portal use [20].
Portal adherence is difficult to maintain, and the perceived
relative value of portals often decreases over time [11,20-22].
This may be because initially patients who use the portal gain
an inflated sense of self-management, and therefore no longer
view the portal as valuable in their diabetes care [11,22]. The
decline in usage may aso be explained by the difficulties
patients expressed in navigating the portal. Patients reported
that an onlinetutorial would have hel ped them learn to navigate
the portal and itsfeatures. Thisraises concern about the current
design of the portal and whether the system was adequately
designed for patient use. It is documented in the literature that
proper design of information health systems is crucial for
maximizing patient adherence and minimizing attrition
[9-11,23]. Others have reported similar findings [10]. Russell
et al report that, whilethey could not identify aseries of patient
characteristics that can be linked to improved engagement in
self-management portals, developing a patient-centered,
culturally appropriate portal that considers varying levels of
health literacy and numeracy may engage a greater number of
patients and result in greater overall portal usage[10].

Patients and providersreported anumber of small but significant
barriers to using the patient portal optimally. These barriers
include inadequate ongoing support, poor Internet connections
(dial-up versus high-speed Internet), poor orientation, slow data
entry, accessrestrictions (ie, the need to log in with ausername

http://www.jmir.org/2012/6/e158/

and password to view even genera health information), and
issues with usability and discoverability. Such barriers are
common in the literature but have gradually been reduced as
more people become familiar with the Internet and high-speed
connections begin to reach rural areas [9,24]. Although the
results in the literature are mixed [7], usage decline may be
overcome by improving access to personalized information,
paired with significant ongoing support and improved integration
with clinica care [8,9,11,20,25]. Involving patients and
providers in the development of a diabetes portal may aso be
useful in developing a meaningful portal [26].

Patients and providers believed blood sugar reporting was the
most useful feature of the portal. This is consistent with the
literature, which suggeststhat diabetes self-management portals
see the greatest usage in their blood glucose logging features
[10,11]. Research into diabetes management has shown that
stricter control of blood sugars leads to reduced health
complications, improved quality of life, and may ultimately
reduce health care costs[11,22,27-18]. Some studies report that
portal users monitoring their blood sugar saw reduced HbA 1c
levels[6,16]. Patientsin our study reported that the portal helped
them better monitor their blood sugar; however, information
about health behaviors and other health indicators (eg, HbA1c)
was not collected. It is aso possible that some patients in our
study did not realize significant differencesin health indicators
as a result of portal use. This may be because they became
apathetic toward portal use (as suggested by a noted usage
decline) and did not realize the benefits of increased blood
glucose monitoring over time or their diabeteswas already well
controlled. This phenomenon has been observed in other studies
reporting on the benefits of portal use, where improvementsin
self-management occurred in patients who are already
empowered [11,18], as well as those patients who have access
to and agreater understanding of the necessary technology [14].
Inthisregard, however, the literature is mixed: one study found
that patients with a greater perceived need were more engaged
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and received the most benefit in the use of a self-management
portal [11].

Allied health professionals (AHPSs) were more active users of
the patient porta even though the portal is described as
“physician driven”. Provider (often physician) concerns about
time constraints (and occasionally, mandate) may indicate that
AHPs should act as liai sons between patients and their doctors
in portal use, although most patients wished that their attending
physician was more involved. The self-management literature
suggeststhat, for patients whose diseaseisunder control, AHPs
are the most appropriate health care provider and physicians
should be consulted only when the disease is not adequately
controlled with self management [29]. In one study, nurses
provided the clinical support for users of a diabetes
self-management portal exclusively [11]. Few studies examine
both patient and provider engagement in online diabetes
management tools. However, one study found that physicians
were hardly engaged at all, while another found that there was
no difference in the attitudes of providers [12,18].Involving
physiciansin the devel opment and design of health portalssuch
as the one analyzed in this paper could enhance their adoption
and usage, as the literature suggests that engagement of
providers from the inception of health information systems
results in greater adherence [30].

Our results suggest that providers generally perceived the portal
less favorably than patients. The perception of many of the
clinician respondents was that the portal might reduce patient
quality of care, asaresult of possible missed appointments and
a false assumption of provider monitoring of patient entered
data. There was also concern that time spent on portal usage
would resultinlesstime available for direct patient care. Others
have reported additional clinician concerns, including afeeling
of “loss of control” as patients become more engaged in their
care. As aresult, clinicians may be less likely to provide the
option of online services to their patients [18]. Although not
evident from our results, the communication tools (ie, email)
offered by some portal s have been identified as another concern
for clinicians. Concerns over how to best interpret, document,
and respond to patient communications have all been raised. In
addition, many current systems do not have away of verifying
the email sender, which raises legal concerns regarding the
implications of providing information that may be inaccurate
to the sender [ 14]. Addressing these clinician concerns can help
to ensure successful adoption of self-management portals.

Limitations

Patients who were selected for interviews were representative
of the larger study population; however, providers were most
likely not representative of the total provider population. It is
possible that providers who completed the post-study
guestionnaire represent a biased sample. Therefore, the
generalizability of these results may be limited.

Semi-structured interviewsretain internal validity but may lack
reliability (a script was used to counter this) and external
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validity. Open-ended responses retain reliability and some
external validity but lack internal validity. While the data
collection methods used in this study complement each other,
there are limitations in comparing and contrasting data types
(ie, interview versus questionnaire and a representative
population versus a convenience sample).

In addition, the patient portal was available only for 5-10 months
(depending on when patients enrolled) and was a pilot test.
Patients and providers may have needed even more time to
adjust to the portal and may not have been aware of many
features due to poor orientation to the system. Provider
responses also could have been biased because they may have
been commenting on something with which they did not
significantly interact (particularly GPs).

Finaly, in the instances where this occurred, it was also
recognized that limitations exist when making inferences about
patients, or providers, based on one's speculation about the
experience of the other.

Conclusions

The patient portal was shown to be conceptually sound and
capable of facilitating patient awareness and perceived
empowerment in this population.

Patients were mostly satisfied with the services offered by the
patient portal and believed it to be avaluableinitiative. Provider
responses were less favorable (athough most believed the
concept was good), and some reported concerns that the portal
may actually reduce care in some cases.

Frequency of usage was low for many patients and providers,
and it was clear that there were small but ultimately significant
barriersthat either prevented usage or saw itsdecline over time.
Measures are thus needed to keep patients and providers engaged
if and when their usage drops. Personalized information, directed
ongoing support, and greater involvement in portal design are
possible options (although their success has not been proven)
to improve patient and provider adoption of any health portal.

This qualitative study of aWWLHIN patient portal shows that
such health portals increase patient access to information and
consequently improve awareness of, and engagement in, their
health care. This study also reveals that defining roles for care
(in portal interaction) may be animportant next step for diabetes
portal development, particularly with respect to the interaction
of GPs, AHPs, and patients.

This study contributes to the current body of knowledge on
Internet-based health portals, specificaly on patient use,
perspectives, and health outcomes of these types of portals, and
identifiesareasin which future research of Internet-based health
portals should address. Future qualitative research should thus
focus on continued engagement of patients and providers in
portal development, usage, ongoing patient support and
encouragement (clinically and technologically), and the nature
of patient-provider interaction via health portals, including
mobile applications.
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Abstract

Background: Health care providers do not routinely carry out brief counseling for tobacco cessation despite the evidence for
its effectiveness. For this intervention to be routinely used, it must be brief, be convenient, require little investment of resources,
require little specialized training, and be perceived as efficacious by providers. Technological advances hold much potential for
addressing the barriers preventing the integration of brief interventions for tobacco cessation into the health care setting.

Objective: Thispaper describesthe development and initial evaluation of the Computer-Assisted Brief Intervention for Tobacco
(CABIT) program, a web-based, multimedia tobacco intervention for use in opportunistic settings.

Methods: The CABIT uses a self-administered, computerized assessment to produce personalized health care provider and
patient reports, and cue a stage-matched video intervention. Respondents interested in changing their tobacco use are offered a
faxed referral to a “best matched” tobacco treatment provider (ie, dynamic referral). During 2008, the CABIT program was
evaluated in an emergency department, an employee assistance program, and a tobacco dependence program in New Jersey.
Participants and health care providers completed semistructured interviews and satisfaction ratings of the assessment, reports,
video intervention, and referrals using a 5-point scale.

Results: Mean patient satisfaction scores (n = 67) for all domains ranged from 4.00 (Good) to 5.00 (Excellent; Mean = 4.48).
Health care providers completed satisfaction forms for 39 patients. Of these 39 patients, 34 (87%) received tobacco resources
and referrals they would not have received under standard care. Of the 45 participants offered a dynamic referral, 28 (62%)
accepted.

Conclusions: The CABIT program provided a user-friendly, desirable service for tobacco users and their health care providers.
Further development and clinical trial testing is warranted to establish its effectiveness in promoting treatment engagement and
tobacco cessation.

(J Med Internet Res 2012;14(6):€163) doi:10.2196/jmir.2074
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Introduction

For atobacco intervention to be implemented routinely in most
health care settings—especially fast-paced settings like a
hospital emergency department or abusy primary care clinic—it
must be brief, convenient, and require little specialized training
[1,2]. Traditionally, tobacco cessation interventions have not
met these requirements, contributing to alack of translation of
empirically supported interventionsinto clinical care[3,4].

Computer programs have the potential to make tobacco
screening and cessation more convenient, tailored to the
individual patient, and uniformly applied, while taking less
provider time and requiring less provider training to implement
properly. Prior research supportsthe feasibility and effectiveness
of a variety of technological components useful for tobacco

assessment and intervention, including computerized
assessments [5-13], video education [10,11], provider prompts
[11,14-18], personally tailored feedback  reports

[5,6,11,12,19-22], and the option for an automated self-referral
to tobacco cessation providers[5].

To our knowledge, there are currently no programs that blend
these features into one integrated program that can be used in
busy health care settings. For this reason, we created the
Computer-Assisted Brief Intervention for Tobacco (CABIT)
software, which isdesigned to facilitate brief tobacco cessation
treatment and referralsduring or immediately after ahealth care
visit. It was designed to be used even in time-demanding settings
like ahospital emergency department. This paper describes our
development of the CABIT, its functionality, and our initial
pilot testing and eval uation.

Methods

CABIT Overview

Using the published literature [8,13,20-22] and our project
team’s experience, we created aninitial draft of the CABIT and
assessed its design and functionality. During this process, we
identified areas where further input from end userswas needed.
Then we conducted focus groups and key informant interviews
with end users. Our sample was comprised of 22 health care
professionalsfrom various specialties (eg, emergency medicine,
internal medicine, etc) and 13 smokers with varying levels of
motivation to quit. We gathered opinions pertaining to the
features that would makethe CABIT (1) practical, (2) effective
at improving motivation to quit smoking, and (3) useful in
facilitating linkage with tobacco treatment resources. This
qualitative data guided the refinement of the CABI T’ stechnical
specifications. Figure 1 provides a conceptual model of the
CABIT program and its hypothesized mechanisms of action.

The CABIT isaweb-based program comprised of 4 integrated
modules: (1) a computerized assessment of tobacco use and
related psychosocia variables, (2) a stage-of-change-based
video intervention, (3) a referral generator, and (4) a report
generator. Theoretically driven, each CABIT module was
informed by principles derived from Motivational | nterviewing
(MI) [23], the Transtheoreticdl Model (TTM) [24,25], the
Decisional Balance Theory [26,27], and the Social Learning

http://www.jmir.org/2012/6/e163/
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Theory [28]. M1 was the primary treatment approach used to
guide the choice of assessments utilized in the program and to
design the message framing for the feedback reports [23]. Ml
seeks to help the patient resolve ambivalence about change.
Essential to the approach is a respectful, compassionate,
client-centered attitude that emphasizes autonomy and choice.
The CABIT incorporates prominent M1-based principles. First,
it assesses motivation for change and self-efficacy. Second, it
providestailored feedback of the assessments, including nicotine
dependence, decisional balance, and self-efficacy, to help reduce
ambivalence. Third, Ml is the primary therapeutic approach
used to design the message framing for the videos and feedback
reports. The videos and reports offer nonauthoritative and
nonconfrontational guidance for behavior change and encourage
the health care provider to adopt this approach as well. The
CABIT also stresses collaborative goal setting, using a menu
of treatment options. Finally, the CABIT focuses on treatment
entry. The CABIT’s development was also influenced by the
TTM, which is highly compatible with Ml and includes
components from the Decisional Balance Theory [26,27] and
the Social Learning Theory [28]. Specifically, we used measures
of the stages of change, pros and cons of smoking, and
self-efficacy, al of which are well-validated components of
TTM. The stage-of-change assessment was the primary
organizing structure used to cue the stage-matched videos,
reinforce the overall “personally tailored” tone of the Patient
Tobacco Feedback Report and the Health Care Provider Report,
and provide specific content for the reports (ie, pro/con
evaluation, high-risk situations). Altogether, each component
of the CABIT is designed to directly or indirectly address a
patient’s motivation to quit, motivation to use effective
treatment, knowledge of treatment resources, and ability to
access and use treatment resources.

Patient Assessment

The CABIT software’'s response-adaptive programming logic
ensures each participant is presented with questions appropriate
to his or her situation and previous responses. For example, a
patient isasked, “Which tobacco products have you ever used?’
A patient is then only asked about current use for types of
tobacco that he or sheindicated ever using. Further, assessments
specific to type of tobacco use were chosen and the general
wording of remaining assessment items were tailored to type
of tobacco use. Based on a commonly used staging algorithm
[24,25], each individual is assigned a stage of change:
precontemplation, contemplation, preparation, or action. Patients
in the precontemplation stage are current tobacco users not
intending to quit or intending to quit over 6 monthsin thefuture.
Those in the contemplation stage are current tobacco users
intending to quit in the next 6 months. Patientsin the preparation
stage are current tobacco users intending to quit in the next 30
days. Those in the action stage quit using tobacco for longer
than 1 day lessthan 6 months ago. These stages of change serve
as the cue for the stage-matched videos and guide the overall
tone and content of the counseling guide for the health care
provider (Health Care Provider Report) and thetailored feedback
report for the patient (Patient Tobacco Feedback Report).
Information obtained from the assessment, including
patient-selected items from a menu of treatment options and
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further discussed in the Referral Generator section). More detail
regarding the CABIT assessment is included in the Measures
section below. Figures 2-5 provide examples of screenshots
from the program.

Figure 1. Conceptual model of the CABIT program and its mechanism of action.

CABIT Assessment

Tailored Feedhack
Report (Patienty

resources

=Increase motivationto quit
=Increase knowledge of treatment (k)

=Increase self-efficacy to use ts resources

Counseling Guide
(Health Care
Provider)

=lncrease
— physician
counseling

>

Increase
engagement

* Increase maotivation
to quit and use t
resources

TailoredYideo
Intervention

=Increase motivationto quit

=Increase knowledge of to resources
=Increase self-efficacy to use ts resources
=lncrease maotivationto use & resources

Tohacco
absgtinence

Dynamic Referral

F—>{ =Increase accessto toresources

Figure 2. The welcome screen of the CABIT program.
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Figure 3. Screenshot from the CABIT program showing questions about tobacco products used.
T ——

Now we will ask some questions about your use of tobacco products.

What tobacco products have you ever used? Check all that apply.

[¥] 1) Cigarettes
¥ ) Cigars
[ 3) Smokeless tobacco (dip, chewing tobacco, or snuff)
7] 4) Pipe
[ 5) None
MNext

Type as many NUMBER(s) of your response(s) as apply, and press ENTER.

Figure 4. Screenshot from the CABIT program showing how patients are asked if they would like areferral to atreatment program.

E

We are able to send your information (name, telephone number, assessment results) confidentially to a counselor or
treatment program for tobacco use. If we do this, someone will contact you to talk about the kinds of treatment that
might be best for you. Would you like us to send your name, telephone number, and a report to a counselor /
treatment program now?

@ 1) Yes
@ 2) No

Type the NUMBER of your response and press ENTER.
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Figure5. Screenshot from the CABIT program showing treatment options for patients.

%

There are a variety of treatment options available to help tobacco users quit. Please indicate all of the treatment
option(s) you would like to know more about. Check all that apply.

1 2} Counseling or medications from my doctor

| 6} None of the above

Back

| 1} Internet sites that help smokers to quit, like www.quitnet.com

1 3) Group or individual counseling from tobacco treatment personnel
1 4) Nicotine replacement therapies, like the patch, lozenge, gum, inhaler, or nasal spray
1 5) Other medications taken orally, like Zyban or Wellbutrin (bupropion), or Chantix (varenecline)

Type as many NUMBER(s) of your response(s) as apply, and press ENTER.

Video I ntervention

Upon completion of the assessment, the CABIT cues the
appropriate stage-matched tobacco education video. Three
already available educational videos tailored to 4 stages of
change (precontemplation, contemplation, preparation, and
action) were used. Although not ideal from a tailoring
perspective, patientsin both the contemplation and preparation
stages viewed the same video. This 6-7 minute video was
professionally produced and used appealing graphicsto reinforce
and illustrate important points related to tobacco use and
cessation. For example, videos provided information about the
stages one progresses through when getting ready to quit,
consequences of tobacco use, benefits of quitting, and tips on
quitting and available resources.

Referral Generator

Thereferral generator uses technology developed in a previous
study called the Dynamic Assessment and Referral System for
Substance Abuse (DARSSA) [5]. In addition to receiving a
printed list of tobacco dependence treatment programs tailored
to the individual’s geographic location and insurance type (ie,
passive referral), patients considering quitting are given the
option of an automated faxed referral (ie, dynamic referral). If
the participant agreesto release his personal contact information,
the CABIT faxesthereferral to the “best matched” provider in
thereferral library based on the patient’s zip code and insurance
status. The tobacco dependence programsin thereferral library
agreed to contact the patient within 5 days of receiving a
dynamic referral to completean initial phone screening, discuss
treatment options, and, if interested and appropriate, schedule
an intake assessment.

Report Generator

The report generator produces 3 reports based on information
the patient provided through the CABIT assessment: (1) Patient

http://www.jmir.org/2012/6/e163/

RenderX

Tobacco Feedback Report, (2) Health Care Provider Report,
and (3) Tobacco Treatment Referral (generated only for
participants who choose a dynamic referral).

Patient Tobacco Feedback Report

The patient received a personally tailored report written at an
eighth-grade reading level. It was crafted using principles of
Motivationa Interviewing [23] and gain-frame (versus
loss-frame) messaging strategies [29]. The length of the
feedback report varies based on participant’s assessment
responses and information requested. The report includes a
referral summary, which lists tobacco treatment resources the
patient may contact and information about where the dynamic
referral was sent, if it was chosen. The report also includes a
personalized summary with feedback on the participant’s
tobacco use history, stage of change, readinessto quit, benefits
of quitting, money spent on tobacco, level of addiction,
temptations or triggers to using tobacco, and perceived risks of
quitting. Additionally, participantsare provided with information
about resources for quitting and other tobacco-related topics
that he or she selected when completing the assessment. See
Multimedia Appendix 1 for an example of a Patient Tobacco
Feedback Report.

Health Care Provider Report

The one-page counseling guide for the health care provider
summarizes the tobacco use information that we deemed most
important for clinical decision making based on our focus groups
and in-depth interviews. It uses responses patients provided in
the CABIT to provide evidence-based guidance for counseling
the patient based on the NCI's Five As (Ask, Advise, Assess,
Assist, Arrangefollow-up) [3]. The Ask/Assess section provides
asummary of the patient’s assessment, including the patient’s
smoking history, perceived symptoms or illnesses related to
tobacco use, readiness to quit, factors related to poor outcomes
(eg, living with asmoker, depression), and interest in assistance
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from provider. The Advise/Assist section provides counseling
guidance for the provider, including presenting a clear but
nonjudgmental recommendation that the patient consider
quitting tobacco use and stage-based suggestions to help
facilitate quitting. The Refer/Arrange section includes the list
of resources provided to the patient and where the dynamic
referral was sent if the patient opted to receive one. See
Multimedia Appendix 2 for an example of a Health Care
Provider Report.

Tobacco Treatment Referral

This report, faxed to the “best matched” provider for patients
who choose a dynamic referral, provides patient contact
information and a summary of the patient's assessment. In
particular, this report provides information on the patient’'s
tobacco use, level of addiction, tobacco-related illnesses or
symptoms, past attempts to quit, methods used to quit, and
readiness to quit. It aso included personal factors related to
poor prognosis and the patient’s readiness to quit ruler. See
Multimedia Appendix 3 for an example of aTobacco Treatment
Referral.

Setting and Population

The CABIT program was implemented in three settings in a
large hospital system in New Jersey (Cooper University
Hospital): the Emergency Department; the Employee Assistance
Program serving employees of the hospital system; and the
outpatient Tobacco Dependence Program associated with the
hospital. The Emergency Department is an academic, urban,
Level | trauma center serving acatchment area of approximately
2 million people. The annual census is approximately 47 000
visitors, 20% of whom are admitted to the hospital. The
Emergency Department and Employee Assistance Program
demonstrate the CABIT’s utility across environments with
different paces, procedures, staffing, patient characteristics, and
foci of care. The Tobacco Dependence Program, with its
specialized focus on tobacco treatment, yielded a cohort of
smokers, recent quitters, and tobacco treatment counsel orswho
were able to provide topical advice on the program.

Participant Selection

The recruitment protocol in the Emergency Department was
similar to our published studies [30-32]. Research assistants
approached adult patients at their bedside after they had been
clinically evaluated and stabilized. In the Employee Assistance
Program, participants were recruited with a system-wide email
under the auspices of the program announcing a new
computerized tobacco cessation program for employees.
I nterested empl oyeeswere directed to contact the research staff.
In the Tobacco Dependence Program, participantswere recruited
by counselors and those interested werereferred to theresearch
assistants. Adults in these three settings who were current
tobacco users or who recently quit (in the past 6 months), who
could read and understand English, who could read words on
acomputer screen, and who did not meet exclusion criteriawere
invited to participate in the study. Exclusion criteria included
being under 18 years of age, being anonsmoker or having quit
over 6 months ago, having severe illness or distress (eg,
intubation, severe pain, vomiting), having cognitive
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insufficiency (eg, dementia, psychosis, altered consciousness),
having insurmountable language barriers (eg, non-English
speaking), and refusing to participate. Participants were
reassured that neither prior computer experience nor adesireto
quit was required in order to participate.

Procedure

After the prototype of the CABIT finished laboratory testing,
we completed a pilot test with 20 patients recruited from the
Emergency Department. This pilot test was designed to assess
global functionality, gain experience with the CABIT in a
clinical setting, and reconcile problems with the software.
Following resolution of problems, the CABIT was fully
administered with updated components in the Emergency
Department, the Empl oyee A ssistance Program, and the Tobacco
Dependence Program during 2008. This was referred to as the
Field Evaluation Study because the intent was to assess how
feasible it was to fully integrate the CABIT into these clinical
field settings. This research was approved by the institutional
review boardsfor Cooper University Hospital and PolarisHealth
Directions, Inc.

Patients were verbally asked to participate in the study if they
agreed to answer screening questions and were eligible to
participate based on their responses. This involved describing
the study and the risks and benefits of participating to potential
participants, and advising participants that they may withdraw
from the study at any point in time. Written consent was
obtained from all participantswho verbally agreed to participate.

The assessment was self-administered and research assistants
were available to answer questions and to solve problems, if
needed. Following completion of the patient assessment and
viewing of the stage-matched video, research assistantsreviewed
feedback reports with the patients. Research assistants then
conducted a satisfaction assessment following completion of
the CABIT program to obtain impressions from participantsin
all settings and from the participant’s health care provider (ie,
physician, nurse, or counselor) in the Emergency Department
and Tobacco Dependence Program. Since participantsfrom the
Employee Assistance Program were recruited directly, they
essentially did not have a provider to evaluate the program.

To gather more detailed evaluations, 15 of the 67 pilot test
participants completed an in-depth interview pertaining to a
particular component of the CABIT program (assessment, n =
5; video intervention, n = 5; tailored patient feedback report, n
= 5). After patients completed the program, they were asked
the sati sfaction assessment questions and additional open-ended
guestions about the randomly assigned CABIT components.
These interviews were recorded for later review and analysis
for themes.

Four-Week Follow-Up

Research assistants contacted Field Evaluation Study
participants 4 weeks after they completed the CABIT program
to determine treatment initiation and to re-assess tobacco use.
Subjectsrecruited from the Tobacco Dependence Program were
not followed because they were aready in tobacco treatment.
For participants who chose a dynamic referral, a research
assistant contacted the tobacco treatment provider 4-8 weeks
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with tobacco abstinence and rooted in the theoretical traditions
listed in the CABIT Overview section. Table 1 provides a

after the participant completed the CABIT program to verify
the patient’s report of entering treatment.

M easures
CABI T Assessment

description of the measures and the references.

Because of the pilot nature of the study, we included a broad
range of well-established instrumentsthat are robustly associated

Table 1. Assessment measures used or adapted for the CABIT.

Assessment Measure

Construct

Source

Behavioral Risk Factor Surveillance System
(BRFSS) survey questionnaire

Fagerstrom Test of Nicotine Dependence (FT-
ND)

Fagerstrom Test of Nicotine Depen-
dence—Smokel ess Tobacco (FTND-ST)

Smoking: Stages of Change (short form)

Readiness Rulers

Perceived Risks and Benefits Questionnaire
(PRBQ)

Reasons for Quitting (RFQ)

Wisconsin Inventory of Smoking Dependence
Motives (WISDM-68)

Smoking: Self-Efficacy for Smoking/Temptation
(short form)

Smoking Consequences Questionnaire (SCQ)
Decisional Balance for Smoking (short form)

Tobacco use

Level of nicotine addiction

Level of nicotine addiction for smokel esstobac-
co

Stage of change

Importance, readiness, and commitment to tobac-
CO cessation

Perceived risks and benefits associated with to-
bacco cessation

Reasons for tobacco cessation

Motivation for tobacco use

Self-efficacy for smoking cessation and tempta-
tions for smoking

Smoking outcome expectancies

Pros and cons of smoking

Centers for Disease Control and Prevention
(CDC), 2006 [33]

Heatherton et al., 1991 [34]

Ebbert et al., 2006 [35]

DiClementeet a., 1991 [36]; Velicer et d., 1995
[37]

Biener and Abrams, 1991 [38]

McKee et al., 2005 [39]

Curry et a., 1990 [40]
Piper et a., 2004 [41]

Velicer et al., 1990 [42]

Brandon and Baker, 1991 [43]
Velicer et al., 1985 [44]

Perceived Health Risks
Perceived Risks
Patient Health Questionnaire-2 (PHQ-2)

Perceived health risk of tobacco use
Perceived risks of tobacco use

Two-item depression screener

Bock et al., 2001 [45]
Hampson et al., 2000 [46]
Kroenke et al., 2003 [47]

Satisfaction Assessment

Patient Satisfaction Assessment

The sdtisfaction assessment for patients consisted of
semi-structured interviews ng impressionsof the CABIT
assessment program, reports, and referrals, aong with
guantitative ratings. Suggestionsfor improving the CABIT were
also dicited. Quantitative ratings were obtained for domains
using a 5-point scae (1 = Very Poor; 2 = Poor; 3 =
Fair/Average; 4 = Good; 5= Excellent). Domains assessed with
participants included those related to the different components
of the CABIT. For the assessment domain, participants were
asked about clarity of instructions, ability to read words on the
computer screen, ease of responding to questions using the
keyboard, understandability of how to return to the previous
question, length, comfort in answering honestly, and
appropriateness of questions. For the video, participants were
asked about length, understandability and usefulness of
information presented, ability to maintaining interest, and
effectiveness in changing attitude regarding tobacco use. For
the Patient Tobacco Feedback Report, participants were asked
about understandability and usefulness of information,

http://www.jmir.org/2012/6/e163/

effectiveness in changing attitude regarding tobacco use, and
usefulness of resources. These domains were patterned after
published work on the Dynamic Assessment and Referral
System for Substance Abuse (DARSSA) [5].

Patient Satisfaction Assessment with Depth Interview

In addition to the quantitative ratings, participants who
completed the depth interviews were asked open-ended
questions about a randomly assigned CABIT component
(assessment, video intervention, or tailored feedback report).
This included questions to help participants further elaborate
their feedback on the domainsfrom the sati sfaction assessment,
overall impressions of the program, and allow for suggestions
for improvement.

Health Care Provider Satisfaction

For participants enrolled in the pil ot test through the Emergency
Department or Tobacco Dependence Program, the participant’s
treating physician, nurse, or counselor provided satisfaction
ratings of the CABIT process and the Health Care Provider
Report, including: understandability and usefulness of
information, length, overall format, provision of information
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not assessed, effects on how provider would manage the patient,
and whether the patient would have received areferral if he or
she did not participate in the CABIT program.

Statistical Analysis

Nonparametric summary statistics, including meansand standard
deviations, were calculated for al variables, including the
end-user satisfaction ratings, completion timefor the assessment,
and 4-week outcomes. A priori, we choose a target mean
satisfaction rating of = 4.00 on the 5-point scalefor each domain
assessed by the end user. The domains failing to meet this goal
would need to be modified and reassessed prior to the Phase |
efficacy trial. Sincethe present study isa proof-of-concept study
designed to assess the functioning, usefulness, and acceptance
of the CABIT, treatment initiation and abstinence were
considered secondary outcomes.

Results

Descriptive Characteristics

For the Field Evaluation Study, 426 patients were approached
for participation in the Emergency Department. Of these

Boudreaux €t d

patients, 169 did not smoke, 115 weretoo sick, 25 did not speak
English, there was concern about mental status for 45 patients,
25 patientsrefused to be screened or participate, and 4 had other
reasonsfor not participating. A total of 43 patientswere enrolled
during the Field Evaluation Study inthe Emergency Department,
but 3 failed to complete the program. Twenty-four participants
were enrolled in the Employee Assistance Program and 3 from
the Tobacco Dependence Program. Information about the
number of patients invited to participate in the Employee
Assistance Program was not recorded as hospital employees
contacted research staff directly. Similarly, research staff were
provided with contact information for interested patientsin the
Tobacco Dependence Program, so the number of patientsinvited
to participate from this program was not recorded. A total of
67 participants completed the CABIT assessment across all
settings (Emergency Department, n = 40; Employee Assistance
Program, n = 24; and Tobacco Dependence Program, n = 3)
(see Figure 6). Reasons for not completing the assessment
included patients being discharged or being taken for a
procedure or testing. Table 2 summarizes the participants
characteristics.

Figure6. Enrollment of participantsin the Field Evaluation Study of the CABIT program. Participants were recruited from the Emergency Department
(ED), Employee Assistance Program (EAP), and Tobacco Dependence Program (TDP). Screening data was only available for participants from the
emergency department. Follow-up was not completed with patients in the tobacco dependence program as they were already receiving treatment.
Treatment initiation was confirmed through contact with tobacco dependence specialistsin the referral library.

ED Enrollment
426 approached
= 169 did not smoke/quit = 6 months ago
* 115 were too sick
= 25 did not speak English

» 45 had mental status concems
» 25 refused screening participation

Taotal Enrollment N =70
(ED:n=43.EAP. n =24 TDP. n=13)

= 4 other reasons for not being enrolled

= 43 agreed to participate
h
[ Completed Data C ollection (n=6T) ]
Incomplete data
collection from ED
(n=3)
v
40 ED 24 EAP 3ITDP
v h 4
2 initiated 4 initiated
treatment treatment
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Table 2. Demographic and smoking characteristics of participants who completed the CABIT program (n = 67).

Characteristic Data
Age M =42 (D = 12.69)
Gender
Male 21 (31%)
Female 46 (69%)
Marital status
Never married 23 (34%)
Married or remarried 22 (33%)
Divorced or separated 9 (13%)
Other marital status 13 (19%)

Race/ethnicity

Caucasian 35 (52%)
African-American 21 (31%)
Hispanic only 6 (9%)
White Hispanic 1 (2%)
Black Hispanic 0 (0%)
Other 4 (6%0)
Education level
8th grade education or less 0 (0%)
Some high school 13 (19%)
High school graduate 24 (36%)
Some college 20 (30%)
College graduate 9 (13%)
Some graduate work 1(2%)
Aver age year s of tobacco use M =26.22 (SD = 11.98)

Current tobacco use (someor every day)

Cigarettes 58 (87%)
Cigars 9 (13%)
Pipe 1(1%)
Smokeless tobacco 0 (0%)

Daily amount of tobacco use by type for tobacco of choice ?

Cigarettes (n=57)
1-10 per day 26 (46%)
11-20 per day 20 (35%)
21-30 per day 11 (19%)

Cigars (n=4)
2-3 per day 2 (50%)
4-5 per day 1(25%)
6 or more 1(25%)

Stage of change

Precontemplation 17 (25%)
Contemplation 25 (37%)
Preparation 20 (30%)
http://www.jmir.org/2012/6/e163/ JMed Internet Res 2012 | vol. 14 | iss. 6 |e163 | p.80
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Characteristic Data
Action 5 (8%)
Positive on depression screen 17 (25%)
Positive on risky alcohol screen 27 (40%)
Positive on drug use screen 16 (24%)

8Datawas not available for pipe and smokel ess tobacco use as participants did not indicate that these products were the most frequently used.

Satisfaction

Patient Satisfaction

Satisfaction ratings on all categories for the assessment, video
intervention, and patient feedback reports were above our goal
of amean = 4.00 (Good), (M = 4.48; SD = 0.70). Figures 7-9
illustrate domain satisfaction scoresfor participants. Theitems
of relative weakness were the length of the assessment, length

of the videos, interest of the videos, and the potential for the
videos to motivate change. Qualitative evaluations also
reinforced that the length of the assessment, aswell asthe ability
of the videos to engage and motivate, while acceptable, could
be improved. Suggested improvements for the videos included
making the narrator more interesting and matched to the end
user, presenting persona testimonials, and culturally tailoring
the content by addressing issues that are of particular concern

Figure7. Mean CABIT assessment satisfaction scores for patients (n = 67). The target satisfaction score was 4.00 (Good).
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Figure 8. Mean CABIT video satisfaction scores for patients (n = 67). The target satisfaction score was 4.00 (Good).
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Figure9. Mean CABIT Patient Tobacco Feedback Report satisfaction scores (n = 67). The target satisfaction score was 4.00 (Good).
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Satisfaction Assessment with Depth Interviews

Themes that arose from the 15 depth interviews (5 based on
each component: assessment, video intervention, and tailored
patient feedback report) wereintegrated into the Master Theme
Summary. Themes included in the Master Theme Summary
were those endorsed by at least 3 respondents. Themes for the
assessment included: the questions were understandable;
instructionswere clear; it was clear how to navigate the screens,
the assessment length was appropriate; and it would be practical
to administer this during visits to an emergency department,
tobacco dependence program, or empl oyee assi stance program.
Regarding the educational videos, the themes included: the
video had good information; the video was not as useful as it
could be; the situations portrayed in the videos are universal to
all smokers; the videos were the appropriatelength to hold your
interest; the video format was useful; and the video was easy
to understand. For the tailored feedback reports, the themes
included: the report wasinformative; nothing should be changed
with the report; the report was useful; the report was tailored

http://www.jmir.org/2012/6/e163/

RenderX
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to the participant; the report was the appropriate length and
well-formatted; the report was understandable; and the report
increased motivation to quit.

Health Care Provider Satisfaction

Of the 43 participants who completed the CABIT in the
Emergency Department or Tobacco Dependence Program, 39
(91%) had aphysician, nurse, or counsel or compl ete satisfaction
ratings of the Health Care Provider Report. Mean ratings
exceeded our goa of 4.00 (Good) acrossall domains(M = 4.31,
D =0.62), including: understandability (M = 4.44, SD = 0.55),
usefulness (M =4.26, SD = 0.68), length (M = 4.23, SD = 0.67),
and overall format (M = 4.31, SD = 0.57). Providers indicated
that the assessment gave them information not gathered during
their standard evaluation for 34 out of 39 patients (87%).
Additionally, 35 out of 39 patients (90%) received a referral
that would otherwise not have been provided during routine
clinical care.
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Completion Time

The median completion time was 22 minutes (IQR: 14-26
minutes). This time for the assessment aone included
interruptions by providers, which were impossible to quantify,
so the recorded completion times overestimate the true
administration time by an unknown amount. The educational
videos, which were 6-7 minutesin length, were not included in
the time it took to compl ete the assessment.

Dynamic Referral

Of the 45 participants not currently in treatment who expressed
interest in changing their tobacco use and were offered a
dynamic referral, 28 (62%) agreed to have their information
sent to a best-matched tobacco treatment provider. While we
did not assess the reason for not accepting a dynamic referral,
we suspect these patients were not ready to quit or not interested
in getting assistance to quit.

Treatment Initiation

Of the 64 participants who were followed (ie, Emergency
Department and Employee Assistance Program participants),
we successfully contacted 44 (69%) for the follow-up
assessment. We did not follow-up with patients from the
Tobacco Dependence Program because they were already
enrolled in treatment. Based on the follow-up information from
the 44 participants contacted, combined with follow-up data
obtained from the tobacco treatment sites where dynamic
referralswere sent, we determined that 6 out of 64 patients (9%)
had initiated tobacco treatment within 8 weeks of their baseline
assessment. Of these 6 patients, 5 had received a dynamic
referral and 1 had received a passive printed referral at the
completion of the CABIT. Reasons for not entering treatment
included not being ready, disliking the programs, living too far
away, other appointments, transportation problems, and medical
problems or surgery.

Tobacco Use at Follow-up

Of the 44 participantsinterviewed for the follow-up assessment,
21 (48%) reported going at least 24 hours without smoking even
a puff in the past 4 weeks (ie, a quit attempt), and 4 (9%)
reported abstaining from tobacco usein the 7 days prior to the
follow-up phone call (ie, 7-day point prevalence abstinence).

Discussion

While research supports the effectiveness of provider-based
interventionsfor improving tobacco cessation [3,48], clinicians
often lack the time, training, and resources to carry out these
interventions [1,2]. The CABIT program was created to help
overcome these barriers by providing a brief individualized
intervention with feedback in “real time,” a stage-matched video
intervention, and optional dynamic referral to a tobacco
cessation provider. Additionally, the CABIT required little staff
timebecauseit is self-administered, making it easier to integrate
into busy medical settings.

In the Emergency Department, of the 426 patients approached
to be screened for the study, and of those who were eligible, 43
were enrolled in the study. Twenty-four participants responded
to emails to participate in a tobacco treatment intervention

http://www.jmir.org/2012/6/e163/
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through the Employee Assistance Program and 3 patients who
were in a Tobacco Dependence Program agreed to participate
in the study after being asked by counselors. Three patients
failed to complete the program in the Emergency Department
because they were discharged or sent for testing or aprocedure.
Overall, there were 67 participants who completed the CABIT
program.

Clinicians found the program to be useful. They rated the
understandability, length, usefulness, and overall format of the
Health Care Provider Report between 4 (Good) and 5 (Excellent)
on a5-point scale. Additionally, the CABIT proved to be useful
to clinicians by providing information not obtained in the
standard clinical assessment for 34 of 39 patients (87%).
Providers indicated that 35 out of 39 patients (90%) evaluated
would not have received a referral to a tobacco cessation
program if the CABIT had not been administered.

For automated interventions to be widely disseminated into
clinical practice in medical settings, they will need to be brief
so they do not impede clinical flow. Our early end-user input
from arange of health care providers suggested that the entire
intervention, from start to finish, should be completed within
10 minutes for the majority of patients. The CABIT fell short
of this goal, with a mean time of 22 minutes. It isimportant to
note that this estimate is contaminated by down-time arising
from interruptions from health care providers, especially inthe
Emergency Department setting. Additionally, we were overly
inclusive in our assessment instruments, which included
considerable redundancy. Eliminating the redundancy would
undoubtedly shorten the assessment. Additional work will have
to be done on the CABIT program to shorten the length of
administration before efficacy testing can be completed. In
developing computerized clinical interventions, acareful balance
must be struck between obtaining enough information to be
useful to individuals using the system and the strong demands
to have asimple, efficient system that does not impede clinical
flow. However, despite the shortcomings, the result of only 3
out of 43 patients in the Emergency Department failing to
complete the assessment due to discharge or clinical care
supports the feasibility of a program like the CABIT and the
willingness of patients to participate even in a fast-paced
environment.

Participants rated all aspects of the CABIT assessment,
stage-matched video intervention, Patient Tobacco Feedback
Report, and treatment referral locations between 4 (Good) and
5 (Excellent) on a 5-point scale. Connecting individuals with
specialized tobacco treatment isan important goal of the CABIT
program, considering the evidence that smokers who quit with
assistance are more likely to succeed [3]. The dynamic referral
proved to be a highly attractive component of the CABIT
program with 28 of the 45 current tobacco users (62%) who
wereinterested in quitting accepting thereferral offer. Six (9%)
of the participants we followed after baseline enrollment
initiated tobacco dependence treatment with a specialist. The
significance of this is difficult to evaluate, since we did not
include a control condition. However, a previous study
conducted with 577 smokerstreated in an emergency department
found that < 1% initiated treatment after they received apassive
referral [32]. While 9% may not seem large in absolute terms,

JMed Internet Res 2012 | vol. 14 | iss. 6 |€163 | p.83
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

it may represent asignificant increase in treatment engagement
compared to treatment as usual (a passive referral). Moreover,
even small effect sizes can trandateinto important public health
and economic benefits. For example, the United States
Preventive Services Task Force (USPSTF) recommends that
primary care providers universally screen for tobacco use and
give brief counseling. This recommendation is based on fairly
modest increases of about 3-5% in abstinence rates over control
conditions[49]. Further randomized, controlled clinical studies
should provide more of a definitive evaluation of whether
dynamic faxed referrals can promote treatment initiation and,
ultimately, abstinence when compared to brief advice aone or
passive printed referrals.

Limitations

Limitations to the study included sample selection bias, which
may have been present for those who wereiilliterate or not able
toread at an eighth-gradelevel and for those who were computer
illiterate despite our effort to assure patients that no computer
knowledge was needed. Additionally, sample selection bias
may have been present for those we excluded due to reasons of
being too sick, not speaking English, and concerns about

Boudreaux €t d

cognitive limitation. The sample size was relatively small,
though this is mitigated by the proof-of-concept nature of the
study. Follow-up limitations were possible with the 4- to 8-week
follow-up window, which may have been too brief to catch all
patients initiating treatment. Lastly, patient tobacco cessation
at follow-up was based on patient report and not validated
through biochemical means. Since thiswas not an efficacy trial,
tobacco cessation was a secondary analysis.

Conclusion

The CABIT proved to be aninnovative and usabl e program that
assisted providersin identifying tobacco users, providing brief
individualized treatment with the stage-matched video
intervention and feedback reports, and providing an automated
referral to a tobacco treatment specialist. The program was
highly accepted, easily implemented, and elicited a high level
of satisfaction. Phase Il of the CABIT will address the creation
of amore user-friendly program, including a shorter assessment
and production of videos that are more engaging and
motivational. Lastly, future clinical trial testing is warranted to
assess efficacy in promoting treatment engagement and tobacco
cessation.
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Abstract

Background: The effects of various educational strategies have been examined in continuing medical education. Web-based
learning has emerged as an alternative to ordinary classroom lessons.

Objective:  To investigate whether an interactive Web-based course including personal guidance via email or cellular phone
texting may be used to improve practice behavior of general practitioners in the management of atopic dermatitis.

Methods: General practitioners from all over Norway were eligible for this randomized controlled educational trial. During a
period of 6 months, doctors in the intervention group were offered the opportunity to participate in a Web-based course on the
management of atopic dermatitis. This was combined with guidance via email or multimedia messaging service (MMS) through
mobile phones from a dermatologist. In the control group there was no education or guidance. Main outcome measures were the
duration of topical steroid treatment prescribed to patients with atopic dermatitis (primary outcome), humber of treatment
modalities, and number of referred patients.

Results: We enrolled 46 physicians: 24 doctors were allocated to the intervention group and 22 doctors to the control group.
They reported atotal of 190 patient treatments. There were no statistically significant differencesin the duration of topical steroid
treatment or number of treatment modalities between the groups. Thelack of effect on the primary outcome may be dueto attrition
as 54% (13/24) of the participants did not complete the course. 42% (10/24) of physicians sent at |east one educational request
viaemail or MMS. While 11% (8/73) of treatment reports in the intervention group were referred to a health care specialist (eg,
dermatologist or pediatrician), 30% (21/71) of treatment reports in the control group did so. This difference in the number of
referrals was significant (P = .03).

Conclusions: A Web-based educational intervention aimed at general practitioners combined with personal support can reduce
the number of atopic dermatitis patient referralsto specialists.

(J Med Internet Res 2012;14(6):€171) doi:10.2196/jmir.2359

KEYWORDS
Atopic dermatitis; Internet; continuing education

Northern and Western Europe, the prevalence of AD in children
was estimated to be 15-25% [2,3], whereas approximately 2-5%

Atopic dermatitis (AD) isacommon chronic inflammatory skin  Of @dults were affected [4]. The majority of patients with AD
condition that may affect children as well as adults [1]. In suffer from amild to moderate form of the disease and is most
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often treated in primary health care [3,5]. However, general
practitioners (GPs) may find the management of patients with
AD challenging [6], as guidelines commonly present a wide
range of therapeutic modalities [1,7]. For instance, doctors are
recommended to identify relevant trigger-factors based on a
thorough case history before setting up a specific treatment plan
[1,7]. Secondary skin infectionsare common in AD and warrant
special  attention [1,7]. Compared to other doctors,
dermatol ogists use more complex treatment regimensincluding
the liberal use of topical steroids[8,9]. In contrast, GPs appear
to be more conservativein the use of steroidsin terms of potency
and treatment duration [6].

The aim of continuing medical education (CME) isto maintain
and increase professional competence [10]. A variety of
educational strategies and their effects on practice behavior
have been examined [11,12]. Web-based CME has emerged as
an alternative to ordinary classroom lessons [13]. Benefits
include easy access from almost any location, no need for
travelling, self-directed and self-paced learning [14]. Studies
have shown that Web-based education has similar outcomes
compared to traditional face-to-face education [15-18]. Despite
participants commonly being physically separated in Web-based
education, learners may interact with other learners or teachers
through discussion forums or viaemail [ 13]. Discussion appears
to have asignificant effect on knowledge and behavioral change
[17].

The aim of this study was to assess whether an interactive
Web-based educational intervention may be used to improve
practice behavior of GPs in the management of AD patients.
The primary outcome was the duration of topical steroid
treatment prescribed by GPs. Secondary outcomes were the
number of treatment modalities prescribed and the number of
referrals to a health care specialist.

Methods

Study Design
The study was a randomized controlled educational trial with
atwo group parallel design and, an alocation ratio of 1:1.

Participants

Between May 2010 and June 2011 we recruited GPs from all
over Norway through advertisements in national medical
journals and on the website of the Norwegian Medical
Association. All physicians currently employed in genera

Table 1. Course content.
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practice were eligible for inclusion. Physicians employed as
interns or board certified specialistsin dermatology or pediatrics
and physicians who previousy had participated in our
Web-based course were excluded. The study period was 6
months.

Interventions

"Help, it's itchy!" is a Web-based asynchronous CME course
on the management of AD in primary health care. A team of
medical experts, web developers, and instructional experts
planned and produced the course. The course was designed and
delivered via the standard |earning management system of the
Norwegian Centre of Integrated Care and Telemedicine [19].
The target audience for "Help, it's itchy!" are primary care
physicians and nurses. The educational boards of family
medicine, dermatol ogy, and pediatrics of the Norwegian Medica
Association and the Norwegian Nurses Organization approved
the course for CME credits. The course has been held regularly
every year sinceit waslaunched in 2008. Learnerswererequired
to register beforehand in order to get access during the 8 week
course period.

Theinstructional design of the course was based on thetheories
of constructivist and experiential learning. The content was
presented as narrative text and in audiovisual format (Figure
1). Patient cases were used to explain typical clinical scenarios.
Specialist nurses showed how to apply emollients, wet wraps,
and facia dressingsin 3instructional videos (Figure 2). Advice
on how to deal with cortisone fear was presented in a7 minute
video lecture.

The course was organized into 3 modules (Table 1). Every
module contained a set of 8-9 multiple choice questions for
self-assessment. Learners received automatic feedback on the
screen immediately after completion of the test set. In every
module there was also a homework assignment containing a
clinical case. Photographs of eczemaskin changeswere provided
in the assignments of module 1 and 2 for better understanding.
Learners were asked to present atreatment plan for each case.
Physicians who wished to receive CME credits had to submit
and pass the homework assignments within the first 6 weeks
after initial login. The course instructor (author TS) provided
learnerswith detailed, personalized feedback on the assignments
5-7 days after submission.

Learnerswere freeto discuss with other learners and the course
instructor in aforum. In addition, the instructor was accessible
viaemail or multimedia messaging service (MMS).

Section Topics

Introduction

Module 1 Steroids and calcineurin inhibitors

Etiology; natura history; diagnosis; skin care; management of pruritus.

Use of steroids on various body sites; dosage and tapering-off; side effects; maintaining control;

steroid fear; calcineurin inhibitors.

Module 2 Infections
treatment failure.

Module 3 Allergies
Appendix

Features of infected eczema; differential diagnosis of infections; procedures for topical treatment;

Diagnosis of allergies; testing.
Specialist treatment; phototherapy.
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Figure 1. Audiovisual lesson on allergy testing.

Figure2.
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Bivirkninger

The Intervention Group

Physicians allocated to the intervention group were offered to
participatein the Web-based course"Help, it'sitchy!" including
personal guidance via email or MMS on their cellular phone.

http://www.jmir.org/2012/6/€171/

XSL-FO

RenderX

They were registered for the online course and received
information regarding accessto the courseincluding ausername
and password. There was unlimited access to the Web-based
curriculum for the entire study period starting 1-3 days after
randomization. Physicians in the intervention group were free
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to send educational requests via email or MMS to the course
instructor (author TS) during the entire study period. While the
Web-based course was focusing on the treatment of AD,
physicians were encouraged to send requests about all topics
withinthefield of AD viaemail or MMS. They were specifically
offered to discussreal casesfrom their practice and could attach
close-up photographs showing the patient's skin lesions provided
that the patient had given informed consent. The course
instructor responded to requests within 1-2 working days by
sending an answer via email or MMS. The requests were for
educational purposesonly. Physicianswereinstructed to ensure
that no data or images that could possibly lead to the
identification of the patient were transferred. They were
informed prior to the study that sending requests was not
possible for the referral of patients to specialist health care.

The Control Group

Physicians in the control group neither had access to the
Web-based course nor could they send educational requestsvia
MMS or email. After the 6 month trial period ended, we offered
all physiciansin the control group to continue in a second trial
phase. They were offered to participate in a subsegquent
Web-based course but without the option to send requests via
email or MMS. A follow-up questionnaire was sent to these
doctors 4 weeks after completing the Web-based course.

Data Collection

Physiciansin both groups were requested to fill in ashort online
survey (MultimediaAppendix 1 and 2) reporting their treatment
prescriptions every time a patient consulted them with AD
during the 6 month study period. For the purpose of this study
we defined a patient with AD as a person of any age with a
clinical diagnosis of AD, or a person probably having AD as
judged by the participating physicians. In addition, physicians
were asked to fill in online questionnaires about working
experience, attitudes and habits regarding the management of
AD at start-up and at the end of the study period. In the
intervention group there were also questions concerning
satisfaction of sending educational requestsviaemail or MMS.
Doctors were asked to rate their agreement on 4 statements
concerning satisfaction by the use of a Likert-type rating scale
containing 5 levels.

The start-up questionnaire and one treatment survey had to be
submitted before randomization. Physicians were not required
to report treatmentsimmediately after they had seen the patient
but were advised to do this at the end of the working day. A
reminder message was regularly sent by email every 3 weeks
to al participants. The online form used to collect data on the
treatments had multi ple-choi ce questions. Physicianswere asked
to report the number of days they had instructed the patient to
use steroid creams or ointments, including tapering. Numerous
treatment modalities were listed on the form and doctors had
to check off which modalities they had prescribed. Treatment
modalities included were emollients, baths, dressings, topical
steroids (specifying potency class|-1V: | mild, IV very potent),
topical calcineurin inhibitors, wet wrap dressings, ora
antihistamines, oral antibiotics, oral steroids and dietary
eliminations. Finally there were questions about referral to
specialist health care. The physicians were asked to indicate

http://www.jmir.org/2012/6/e171/
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whether they intended to refer the patient and if so, to specify
the reasons for referral and to which specialty. Reasons for
referral included uncertainty about the diagnosis, flare of the
disease, poor response to treatment, need for allergological
investigation, and other reasons. We made no attempt to collect
data on the severity of AD because we considered it unrealistic
to train participants in using a validated scoring agorithm for
AD.

After collecting the data according to the study protocol, we
also performed a content analysis of the educational requests
sent via email or MMS. Common themes were identified and
grouped accordingly. The authors TS and VF did the content
analysis independently. Disagreement was resolved by
consensus.

Sample Size

The design of the trial was based on a significance level of 5%
and a power of 80% against a difference of 3 days (SD=4) in
the duration of topical steroid treatment between the groups.
This difference appeared meaningful based on our clinical
experiences. In calculating the sample size we had to consider
the number of treatment reportsthat each participating physician
was going to submit. Assuming an average of 4 measurements
per physician, 20 participants would be required in order to
show a dstatistically significant difference in the primary
outcome. In the case of only onetreatment report per physician,
59 participants would be required. Since the number of
measurements per participant was difficult to estimate prior to
thetrial, we aimed at reaching a sample size of 59 participants.
Allowing for a 20% drop out rate, 74 participants had to be
enrolled.

Randomization

Randomization was arranged consecutively from September
2010-June 2011 viathe central telephone randomization service
at the Clinical Research Department of the University Hospital
of North-Norway. We decided on permuted-bl ock randomization
to avoid uneven group sizes. As the severity of AD (and
consequently the practice behavior of the participants) may be
influenced by seasonal climatic variations, bias could be
introduced when more treatments were reported in one of the
groups during a specific season (eg, winter). Randomization
lists were computer generated using block randomization with
random block sizes 4, 6, and 8. The investigators were blinded
to the block sizes. Participants wereinformed by email to which
group they had been allocated and started in the trial
immediately.

Statistics

Data were analyzed on an intention-to-treat basis. We used a
generalized estimating equations model in al outcome analyses
to account for random effects introduced by doctors reporting
more than one treatment during the study period. An
exchangeable covariance structure handled treatment data as
within-subject repeated measurements. All data analyses were
performed using the IBM SPSS 19 program (IBM, New York,
USA).
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Ethical Consider ations

The Regional Committee for Medical and Health Research
Ethics in Northern Norway (REK-Nord) reviewed the study
protocol and concluded that the study did not need approval as
this was a non-clinica trial that did not investigate health
outcomes. For the same reason, the study was not included in
aclinical trias registry (Editorial note: JIMIR published this
trial despitefailureto register, as, according to the International
Committee of Medical Journal Editors, registration is not
necessary if the purpose of atrial isto examine the effect on
health care providers). The protocol (in Norwegian) can be
downloaded from the Internet [20]. All physicians gaveinformed
consent before enrolment.

Results

Overdl, 76 genera practitioners were eligible for the study
(Figure 3). At the end of the recruitment phase, 46 physicians
had submitted a full set of questionnaires. The intervention
group consisted of 24 physicians and the control group had 22
physicians. Baseline demographic data for enrolled physicians
are shown in Table 2.

Thedoctorsreported atotal of 190 patient treatmentsincluding
baseline data (intervention group: 97 treatments, control group:
93 treatments). Overall 35.4% (67/189) of the treatments were
related to adult patients (intervention group: 34/97, 35.1%;
control group: 33/92, 35.9%). Treatment reportswere submitted
on average 10.2 (SD=6.8) weeks after randomization (range
1-26). A summary of reported treatments at baseline is shown
in Table 3. Theenrolled physicians were representing 43 health
centersfrom all over Norway.

The duration of topical steroid treatment prescribed by the
physicians is shown in Table 4. There was no significant
difference between the groups (P=.82). However, there was a

Table 2. Characteristics of enrolled physicians (N=46).
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significant increase in the duration of topical steroid treatment
compared to baselinefor both groups (P=.02). The mean number
of treatment modalities prescribed at baseline was 2.3 in both
the intervention and control group (SD= 1.0 and 0.9
respectively). During the study period physicians in the
intervention group prescribed on average 2.3 modalities
(SD=1.0) and for physiciansin the control group we found 2.0
modalities (SD=0.9). This difference was neither significant
between the groups (P=.19) nor compared to baseline (P=.27).
Details of the treatment modalities reported are presented in
Table 5.

Overall, 15 doctors (intervention group: 7, control group: 8)
reported at least onereferral during the study period. 11% (8/73)
of treatment reportsin the intervention group indicated referral
to specialist health care, whereas 30% (21/71) of treatment
reportsin the control group did so. The differencein the number

of referralswas significant (Wald )(21: 4.70, P =.03). For details
of the referrals see Table 6.

While 63% (15/24) of physiciansin the intervention group had
logged into the course website at least once, 46% (11/24) of
physicians completed the course and received CME credits. A
total of 32 educational requests were received via email or
MMS. 42% (10/24) of physicians had sent at least one
educational request viaemail or MMS. 29% (7/24) of physicians
had neither logged into the course website nor sent any
educational requests via email or MMS. Three postings were
made in the discussion forum on the course website. Table 7
shows results concerning satisfaction of sending requests via
email or MMS. Common themes identified in the educational
requests are presented in Table 8.

Asonly 5 physicians in the control group submitted follow-up
guestionnaires, the planned comparison of follow-up
guestionnaires in the two groups was omitted.

Overal Control Intervention Test of significance
All physicians 100% (46/46) 48% (22/46) 5206 (24/46)
Male 43% (20/46) 419%° (9/22) 46967 (11/24) X2=0.002; P= .97
Female 57% (26/46) 59%2 (13/22) 549%2 (13/24)
Working experience
Mean (years) 7.5 6.1 838 F=1.97; P= .16
Range 1-27 1-27 1-25

& percentage within groups
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Overall Control® Intervention®
Treatment modalities
Topical steroid 96% (44/46) 96% (21/22) 96% (23/24)
Topical steroid class®
[ 34% (15/44) 27% (6/22) 38% (9/24)
I 34% (15/44) 41% (9/22) 25% (6/24)
m 30% (13/44) 27% (6/22) 29% (7/24)
v 2% (1/44) 0% (0/22) 4% (1/24)
Potassium permanganate bath 4% (2/46) 5% (1/22) 4% (1/24)
Burow's solution wet dressing 0% (0/46) 0% (0/22) 0% (0/24)
Wet wrap dressing 4% (2/46) 0% (0/22) 8% (2/24)
Elimination diet 15% (7/46) 14% (3/22) 17% (4/24)
Referred 229% (10/46) 23% (5/22) 21% (5/24)
N=44
bPercentage within groups
Table4. Duration of topical steroid treatment (N=150).
Control? Intervention®
Baseline 16.0 (SD=7.1) 15.7 (SD=7.1)
Study period 19.3(SD=9.9) 20.6 (SD=11.3)
@Mean number of days
Table5. Treatment modalities used (N=144).
Overall Control? Intervention®
Emollients 79.2% (114/144) 78% (55/71) 81% (59/73)
Topical steroid 83.3% (120/144) 83% (59/71) 84% (61/73)
Potassiumpermanganate bath 9.7% (14/144) 3% (2/71) 16% (12/73)
Burow's solution wet dressing 3.5% (5/144) 1% (U71) 6% (4/73)
Calcineurin inhibitor 5.6% (8/144) 6% (4/71) 6% (4/73)
Wet wrap dressing 4.9% (7/144) 3% (2/71) 7% (5/73)
Oral antihistamine 13.9% (20/144) 14% (10/71) 14% (10/73)
Oral antibiotic 1.4% (2/144) 0% (0/71) 3% (2/73)
Oral steroid 3.50 (5/144) 3% (2/71) 4% (3/73)
Elimination diet 7.6% (11/144) 6% (4/71) 10% (7/73)
@ percentage by study group
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Figure 3. Flow diagram.
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Table 6. Referra characteristics (N=29).
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Overall Control? Intervention®
Referred 20.1% (29/144) 30% (21/71) 11% (8/73)
To dermatologist  83% (24/29) 86% (18/21) 75% (6/8)
To pediatrician 17% (5/29) 14% (3/21) 25% (2/8)
Reason P
Diagnosisuncer-  35% (10/29) 33% (7/21) 38% (3/8)
tain
Flare 350 (10/29) 33% (7/21) 38% (3/8)
Treatment failure  41% (12/29) 38% (8/21) 50% (4/8)
Investigation of al-  35% (10/29) 38% (8/21) 25% (2/8)
lergies
Other reasons 10% (3/29) 14% (3/21) 0% (0/8)
Percentage within groups
bSeveral reasons possible
Table 7. Satisfaction with sending requests (N=9).
Mean score® Range
Sending requests was easy 45 4-5
The advice given was useful 4.7 4-5
Wish for similar service in other specialties 4.8 4-5
3 =gtrongly disagree; 5=strongly agree
Table 8. Common themes in the educational requests® (N=32).
General questions (not related to a case) 25% (8/32)
Discussion of a case 91% (29/32)
Diagnosis 19% (6/32)
Feedback on treatment given 63% (20/32)
What to do next 50% (16/32)
Referral 9% (3/32)

8Several entries for each request possible

Discussion

The educational intervention in our trial combined aWeb-based
course with the possibility to discuss both general issues and
concrete casesfrom the GPS own practiceswith adermatol ogist.
The main findings are that physiciansin the intervention group
referred fewer patients to secondary health care and that there
were no differences between the groupsin the duration of topical
steroid treatment and the number of treatment modalities
prescribed. The reasons for referral appeared to be similar in
both groups. Treatment failure and flare were the reported
reasons for referral in more than half of the cases.

In Northern and Western Europe, most patients with AD are
treated in primary hedth care [3,5]. This is in line with the
intention of policy makerswho wish to move chronic care away
from hospitals and into the communities [21]. Patients with
severe AD, uncertain diagnosis, treatment failure, or

http://www.jmir.org/2012/6/e171/

complications may requirereferral to aspecialist [7]. However,
according to the literature, the majority of referred AD patients
had mild to moderate disease [5,9,22]. Because of the high
prevalence of AD, even asmall reduction in referral rates may
have a considerable impact on the workload of dermatologists
and pediatricians dealing with AD patients. Reducing referrals
may also have economical consequences. In 2010 there were
5406 hospital -based outpatient consultations with children with
AD registered in Norway [23]. Every consultation was
reimbursed with at least 273 NOK [23]. In contrast, the
reimbursement in primary health carefor asimilar consultation
was 136 NOK [24]. Based on a 20% reduction in referrals and
apotential saving of 137 NOK per referral [23,24], therewould
be anational annual saving of 148 124 NOK. The development
of Web-based education is costly, but may still be cost-efficient
in the long run [15]. Future research on the cost effectiveness
of educational interventions should also consider possible
changesin referral behavior.
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Our data suggest that a Web-based educational intervention
aimed at primary care physicians may help to reduce referrals
of AD patients. In areview, Akbari and coworkersreported that
educational activities led by secondary care providers had a
significant effect on referral behavior [25]. In contrast, the
passive dissemination of guidelines appeared ineffective [25].

It seems that some topical treatment modalities, for example
potassium permanganate baths and Burow's solution dressings,
were used more frequently in the intervention group compared
to the control group. The use of class | steroids was lower in
the intervention group, whereas class |11 steroids were more
frequently used. But there was no significant difference in the
secondary endpoint, the mean total number of treatment
modalities.

Concerning the duration of topical steroid treatment, the primary
outcome of thetrial, there was no significant difference between
the groups. Regarding sample size, the number of participants
appeared sufficient to show adifferencein the primary outcome.
On average, every doctor in our trial submitted 4.1 (SD=3.5)
treatment reports. According to the assumptionswe madewhen
sample size was cal cul ated, 20 doctorswould berequired inthe
trial.

The lack of effect on the primary outcome may be due to
attrition as half of the participants did not compl ete the course.
Onthe other hand, more than two thirds of the participantsused
theintervention at least once.

However, we found a significant increase in the duration of
topical steroid treatment as compared to baseline for both
groups. This might be a Hawthorne effect [26,27]: it seems
possiblethat the awareness of being studied may have influenced
the participants behavior. The doctorsin both groupswerefully
aware of being part of an investigation. They also probably
understood that topical steroid therapy was under investigation
since several questions in the survey addressed thistopic. It is
possible that this awareness influenced the behavior-doctorsin
both groups were keen to follow current treatment guidelines.
However, sincethe exact mechanisms behind Hawthorne effects
are unknown, it seems difficult to draw any firm conclusions
regarding their influences on the participants [26,27].
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Another possible explanation for the increase in steroid
treatment duration might be the online form used for the
collection of data. On the form, various treatment options were
listed. Repeatedly using this form, physicians in both groups
may have realized shortcomings in their knowledge of the
management of AD. This might have stimulated physicians to
reflect and learn which, in turn influenced treatment in both
groups.

There are certain limitations in this study. First, it islikely that
some GPs did not report all of their treatments during the study
period. On the other hand, it seems unlikely that missed patients
would have different effects across the two groups.

Second, doctors who enrolled in the trial possibly had a more
positive attitude towards Web-based education. Other physicians
may still perceive barriers to engage in eLearning and the
applicability of our results may therefore be limited. There are
currently no other Web-based dermatology courses in
Norwegian, but the national CME program contains a variety
of online courses in different specialties [28]. Furthermore,
online course materials are now being used by many medical
schools [29] and we believe that in the future nearly all
physicians will become familiar with the use of Web-based
educational activities [30].

Finally, our data are based on a 6 month study period. We do
not know the effects of our intervention from a long-term
perspective. The educationa intervention might not affect the
total number of referralsin thelong run but rather just postpone
them. This needs further investigation.

We believe that our findings are applicable to other medical
fields within ageneral practice setting. More than two thirds of
the physicians in the intervention group used either the
Web-based course or sent educational requestsfor guidancevia
email or MMS. The instructional methods used in the course
may suit other CME coursesin general practice.

In conclusion, asmany AD patientswho arereferred to specialist
health care have only mild to moderate disease, there seemsto
be apotential to reduce unnecessary referrals[5,9,22]. Our study
suggests that a Web-based educational intervention aimed at
primary care physicians may help reach this goal.
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Abstract

Background: Most dietary programsfail to produce lasting outcomes because participants soon return to their old habits. Small
behavioral and environmenta changes based on simple heuristics may have the best chance to lead to sustainable habit changes
over time.

Objective: To evaluate participant retention, weight outcomes, and barriers for changes in a publicly available web-based
healthy eating and weight |oss program.

Methods: The National Mindless Eating Challenge (NMEC) was a publicly available, online healthy eating and weight loss
program with ongoing recruitment of participants. This volunteer sample consisted of 2053 participants (mean age 39.8 years,
89% female, 90% white/Caucasian, BM| mean 28.14). Participants completed an initial profiling survey and were assigned three
targeted habit change suggestions (tips). After each month, participants were asked to complete a follow-up survey and then
receive new suggestions for the subsequent month.

Results: Intermsof overall attrition, 75% (1549/2053) of participants who completed the intake survey never returned to follow
up. Overall mean weight loss among returning participants was 0.4% of initial weight (P=.019). Participants who stayed in the
program at least three calendar months and completed at least two follow-up surveys (38%, 189/504) lost on average 1.8 Ibs
(1.0%) of their initial weight over the course of the program (P=.009). Furthermore, participants who reported consistent adherence
(25+ days/month) to the suggested changes reported an average monthly weight loss of 2.0 Ibs (P<.001). Weight loss was less
for those who discontinued after 1-2 months or who did not adhere to the suggested changes. Participants who reported having
lost weight reported higher monthly adherence to suggestions (mean 14.9 days, SD 7.92) than parti cipants who maintained (mean
12.4 days, SD 7.63) or gained weight (mean 12.0 days, SD 7.50; F=14.17, P<.001). Common reported barriers for changes
included personally unsuitable or inapplicable suggestions, forgetting or being too busy to implement changes, unusual
circumstances, and emotional eating.

Conclusions: Because the bulk of the free and commercially available online diet and nutritional tools conduct no evaluation
research, it is difficult to determine which aspects of a program are successful and what are reasonable expectations of results.
The results of this study suggest that online interventions based on small changes have the potential to gradually lead to clinically
significant weight loss, but high attrition from publically available or “free’ programs still remains a challenge. Adherence to
and effectiveness of small habit changes may beimproved through further tailoring to individual circumstances and psychological
needs.

(J Med Internet Res 2012;14(6):€168) doi:10.2196/jmir.2218
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Introduction

Effective healthy eating interventions are needed to reverse the
global obesity trend [1]. Most current weight loss programsand
diets have failed to produce sustainable changes, partially due
to the difficulty of maintaining healthy eating behaviorsin an
environment that constantly urges people to consume unhealthy
food in excess [2]. Furthermore, programs that focus on
education about calories and nutritional guidelines may place
such high demands on participants cognitive abilities that
long-term adherence will be difficult [3].

Recent research suggeststhat small and concrete habit changes
that gradually lead towards larger lifestyle changes may be the
best way to achieve sustainable results [1]. Habit is starting to
be considered as one of the most powerful predictors of eating
behavior, and habits are mainly cued by situational factors [4].
Simple heuristics that are applicable in a wide variety of
situations can help people to modify their automatic responses
to food triggers in their environment to form new healthier
habits [5]. In this way, healthful choices become activated by
cues in the environment without effortful deliberation,
intentions, or willpower [6].

The small-changes approach has been successfully embraced
by variousindividuals and policy makers[1], but the challenge
for interventions is to provide easy and effective habit change
suggestionsfor each individual. Tailoring interventionsto match
individual characteristics and needs can lead to significant
improvementsin their effectiveness and rel evance to recipients
[7-9]. Dietary counselors can do tailoring in person-to-person
interactions, but the resources for individual counseling are
limited. The reach of habit change interventions can be best
widened to the general population through partially or wholly
automated web-based programs. Web-based weight loss and
maintenance programs have demonstrated moderate efficacy
in behavioral change [9-11], and randomized controlled trials
have shown varying outcomes ranging from no weight loss to
an average loss of 16.8 lbs (7.6 kg) [12]. Individualized
counseling and feedback appear to improve outcomes [13].

The small-changes approach is still arelatively new concept in
web-based intervention programs. To our knowledge, only one
onlineintervention thusfar has utilized the approach to support
participants in making small sustained changes in dietary or
physical activity behaviors [14]. The results of a randomized
controlled trial showed that thisintervention had positive effects
on eating habits and the amount of physical activity, but it was
no more effective than generic information [ 14]. Another online
intervention, Daily Challenge, sends participants daily
suggestions of small actions to improve well-being [15]. Its
impact on well-being has not yet been evaluated.

Theaim of thisresearch wasto eval uate the retention and weight
outcomes of an online, tailored healthy eating and weight loss
program, National Mindless Eating Challenge (NMEC), and
recognize barriersfor small habit changes. The NMEC program
provides participants a tailored set of habit change suggestions

http://www.jmir.org/2012/6/e168/

for each month and offers them a checklist for self-monitoring
and accountability [5]. The suggestions are based on findings
from laboratory research about eating behavior [16]. Prior pilot
trials of the NMEC program indicate that it can result in aslow
and steady weight lossthrough small lifestyle changesthat have
the potential to become permanent [5].

Methods

Intervention

The National Mindless Eating Challenge (NMEC) was a
publicly available, Internet-based dietary intervention program
designed to aid participants in making small, effective
eating-related changes in their daily lives [5]. Multimedia
Appendix 1 showsthe main page of the program. The program
was offered passively from December 2006 until July 2009 as
a resource to the public who found the program via search
engines or hyperlinks or were directed to the program by a
member of the research group as aresponseto their inquiry for
assistance in weight management. The move to anew platform
in June 2007 offered a more complete capture of data. This
study was conducted with participants who wereinvolved with
the program for any period of time between July 2007 and July
20009. Participantswho signed up in thefreely available program
completed an initial survey consisting of self-report measures
of demographics, physical characteristics, and psychological
characteristics. After completing the survey, they selected their
initial eating goals (lose or maintain weight, eat healthier, eat
more, or help their family eat better) and subobjectives. They
were then randomly assigned three different environmental,
behavioral, or cognitive suggestions that were relevant to the
eating goal and subobjective they had chosen.

The habit change suggestions were selected from a pool of 232
different research-based suggestions, such as using smaller
platesat meals, never eating directly from apackage, or drinking
water with every meal and snack [16]. The suggestions were
phrased in an active form (such as “Put down your utensils
between hites"). Some suggestions provided a brief explanation
on why the change would work (such as “This will allow you
to slow down the pace of your eating”). Additionaly, the
program contai ned references to the Mindless Eating book [17],
which details the underlying research and contains similar
suggestions for changing one's habits and environment.

After receiving the suggestions, participants were asked to
estimate their adherence to the changes and how easy it would
be to accomplish each change. To help them with adherence,
they were asked to write down potential barriers that could
prevent them from accomplishing each change. For each barrier,
they were then asked to write down a strategy that would help
them overcome this barrier. Participants were encouraged to
adhereto the suggestions every day during thefollowing month.
To makethiseasier, they received a printable checklist to check
off their adherence to changes on a daily basis. They aso had
an option to definetheir own small change they wanted to make
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in addition to the three suggestions and could choose to receive
weekly reminders.

At the beginning of the following month, participantswere sent
an email inviting them back to the website, where they
completed additional questions and were assigned new
suggestions or tips for the subsequent month. The process
repeated itself every month. Study procedures were approved
by the Institutional Review Board.

Participants

Participants were voluntary individuals who registered on the
National Mindless Eating Challenge website between July 2007

Table 1. Baseline characteristics of participants.

Kaipainen et al

and June 2009 and gave their consent for researchers to use
their data for the purposes of the study (n=2053). The
characteristics of all registered participants and returning
participants (those who completed at least one follow-up survey)
are presented in Table 1. The proportion of returning participants
was 25% (504/2053). The returning participants were slightly
older, more educated, and weighed dlightly less than
nonreturning participants (those who never returned for
follow-up surveys after registration). Nonreturning participants
were excluded from outcome analyses.

Characteristics All participants Returning participants  F test, returning & nonreturning
(n=2053) (n=504) (P vaue)
Age (years) @ 39.8 (12.80) 42.6 (12.08) 32.737 (< 0.001)
Female P 1829 (89) 458 (91) 1.215 (0.270)
White/Caucasian ° 1840 (90) 463 (92) 3.608 (0.058)
United States P 1672 (81) 410 (81) 0.004 (0.951)
College degree P 1641 (80) 423 (84) 6.667 (0.010)
Household income < $50,000 P 558 (27) 114 (23) 3.673 (0.055)
Weight (Ibs) 2 172.2 (42.28) 168.9 (37.80) 4.119 (0.043)
Body massindex a 28.1 (6.51) 27.9 (6.24) 1.030 (0.310)
Initial eating goal b
Lose weight 1709 (83) 455 (88) 0.601 (0.438)
Maintain weight 106 (5) 24 (5) 0.219 (0.639)
Eat healthier 197 (10) 30(6) 10.262 (0.001)
Help family eat better 37(2) 5(1) 2.478 (0.116)

aValues are expressed as mean (SD).
b valuesare expressed as n (%).

In addition to the United States, participants were from Canada
(11%), the United Kingdom (2%), Australia (0.5%), Germany
(0.5%), France (0.5%), and 32 other countries. Most participants
(83%) had weight loss as their initial eating goal. Ten percent
wanted to eat healthier, 5% wanted to maintain their weight,
and 2% aimed to help their family eat better. Four participants
did not specify whether they wanted to lose or maintain weight.
Eating healthier was dightly more common as an initia eating
goal among nonreturning than returning participants.

M easures

Participant retention was measured by the number of monthly
surveys participants completed in the program between July
2007 and July 2009 and by the number of calendar months
participants stayed in the program (monthsthat passed from the
registration to the last completed follow-up survey).

All measures about participant characteristics were self-reported
during registration or during follow-up surveys. Demographics
(age, gender, race, education level, annual household income,

http://www.jmir.org/2012/6/e168/

and country) were asked in the registration survey. Weight and
height were asked in the registration survey and in each
follow-up survey.

Weight loss outcomeswere cal culated asthe difference between
the weight reported at the last follow-up survey a participant
completed and the weight reported in the registration survey.
Hence, the length of the follow-up varied between participants.

Adherence to habit change suggestions was measured as the
number of days (0-31) participants reported having followed
the suggestions they had been given. Perceived effectiveness
of changes was measured on a 1-9 scale (Not Very Effective —
Very Effective). Thetotal amount of effective changesfor each
month was cal culated as the number of changesthat were rated
as 6 or above in effectiveness. Participants experiences with
changes were collected through free-form entries in follow-up
surveys.
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Analyses

Descriptive statistics were used to characterize participant
retention. Student t tests were performed to assess the overall
significance of weight changes over time. Analyses of variance
were used to compare the adherence to changes and the
perceived effectiveness of changes between participants who
lost, maintained, or gained weight between subsequent surveys.
The suggestions with high adherence were examined by taking
a subset of cases where at least 20 participants had reported
adherence of at least 20 days. Student t tests were used to
examine the significance of weight changes associated with
suggestions with high adherence. The suggestions that
participants considered as the most and the least effective were
derived based on the mean effectiveness ratings of suggestions
that had been received by at |east 25 participants (approximately
5% of the sample). Demographic differencesin tip perceptions
were assessed with analyses of variance.

Reported experiences with changes were analyzed with
qualitative content analysis methods. The experiences were
categorized into main themes of barriers and facilitators, under

Figure 1. Participant retention and follow-up survey completion rate.

Kaipainen et al

which findings were further categorized under emerging
subthemes. The total occurrences of themes were counted to
identify recurring themes.

All quantitative analyses were done using SPSS version 19.0.
P values less than .05 were considered statistically significant.

Results

Participant Retention

Figure 1 shows the adherence to the program over the course
of the 14 months after signing up. Participant attrition was 75%
after the initial registration: 1549/2053 participants never
completed the intake survey or never returned for a follow-up
survey. The participantswho returned for at least onefollow-up
stayed in the program on average 3.7 calendar months (SD 3.10)
and completed on average 2.2 follow-up surveys (SD 1.93).
Most of them (88%, 445/504) had weight loss as their initial
eating goal. Out of the returning participants, 38% (189/504)
stayed in the program for more than two months and compl eted
at least two follow-up surveys.
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Weight Changes

Over the course of the program, 42% of returning participants
(213/504) lost weight (mean 3.24% of initial weight, SD 2.94),
29% (145/504) gained weight (mean 3.35%, SD 3.68), and 27%
(136/504) maintained their weight over the course of the
program. Weight change data were missing from 2% (10/504)
of the participants. Overall mean weight loss was 0.41% (0.75
Ibs) of the initial weight (t=-2.346, P=.019). Participants who
had weight loss as their initial goal lost on average 0.48% (0.9
Ibs) of their initia weight (t=-2.534, P=.012). Clinicaly
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RenderX

significant weight loss, 5% or more of initial body weight, was
achieved by 7% of the participants (36/504).

Table 2 presents the weight and BMI changes of participants
with different levels of engagement in the program. The
participantswho stayed in the program for at |east three months
and completed at least two follow-up surveys (38% of the
returning participants) lost on average 1.0% (1.8 Ibs) of their
initial weight (t=-2.622, P=.009). The mean time these
participants stayed in the program was 6.4 months (SD 2.77),
and they completed on average 4.0 follow-up surveys (SD 2.20).
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Table 2. Weight and BMI changes among returning participants.

Kaipainen et a

Level of engagement

One-time visitors®

Two-month partici pantsb Threet+ month participants®

Number of participants 271

% of returning participants 54

Mean weight change, Ibs (SD) -0.06 (5.746)
P=.868

Mean weight change, % (SD) -0.04 (3.156)
P=.853

Mean BMI change (SD) -0.09 (1.892)
P=.471

44 189

9 38

-0.69 (3.982) -1.77 (8.574)
P=.263 P=.006
-0.38 (2.306) -0.97 (5.012)
P=.285 P=.009
-0.01 (0.664) -0.26 (1.511)
P=.900 P=.023

@ Completed only 1 follow-up survey.

b Completed 1-2 follow-up surveys and stayed in the program for 2 months.

€ Completed at least 2 follow-up surveys and stayed in the program for at least 3 months.

Adherenceto Changes

Adherence to changes was reported in 88% (979/1107) of al
follow-up surveys. The days the participants reported having
adhered to the habit change suggestions were on average 13.3
days (SD 9.77) over 1 month. Participants who had lost weight

between subsequent surveysreported higher monthly adherence
to suggestions (mean 14.9 days, SD 7.92) than participantswho
had maintained their weight (mean 12.4 days, SD 7.63) or who
had gained weight (mean 12.0 days, SD 7.50; F=14.17, P<.001);
see Figure 2. Similarly, maximum adherence was highest among
weight losers.

Figure 2. Adherence to three changes among participants who lost, maintained, or gained weight between any two surveys.
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Adherence and Weight Outcomes

Participantswho reported consistent adherence (at least 25 days
in a month) to the suggested changes reported an average
monthly weight loss of 2.0 Ibs (P<.001). Figure 3 displays the
percentage weight loss for different levels of mean adherence
to suggestions. Participants whose mean adherence was 25 days
or more had amean weight loss of 1.2%, a significantly higher

http://www.jmir.org/2012/6/€168/

XSL-FO

RenderX

number than participants who adhered only 0-4 days (F=3.991,
P=.001) or 5-9 days (P=.014). Mean adherence to suggestions
was positively correlated with weight loss percentage (r=.166,
P<.001). Moreover, adherence to a suggestion was correlated
with perceived ease (r=.622, P<.001).

Table 3 presents the mean weight outcomes of a subset of cases
in which suggestions had adherence reports of at |least 20 days
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from at least 20 participants. Two suggestions in this subset of  one on borderline significance.
14 suggestions were associated with significant weight loss and

Table 3. Weight outcomes of suggestions with high adherence.

Tip nof cases Meanweight ttest Mean adherence  Mean effectiveness Mean
change, Ibs (P value) (SD) (SD) ease
(SD) (SD)
Put down your utensils between bites. (This 23 -2.48 (3.85) -3.089 (.005) 24.96 (4.14) 7.70 (1.64) 6.48
will alow you to slow down the pace of your (2.09)
eating.)
Allow yourself an afternoon snack only if 24 -1.88 (4.46) -2.062 (.051) 24.42(4.02) 7.00 (1.96) 6.86
you'vefirst eaten a piece of fruit. (2.93)
Any timeyou think you might eat whenyou're 20 -1.58 (2.94) -2.400 (.027) 22.90(2.90) 6.05 (2.09) 6.00
not hungry, go ahead and do so, but only if you (2.08)
first say (out loud): “I’'m not hungry, but I'm
going to eat this anyway”.
Drink 8 cups of water aday (that'sonly two 39 -1.29 (5.33) -1.509 (.140) 24.32(3.74) 6.20 (2.39) 7.10
full 32-0z glasses). (1.93)
Have a glass of water with every meal and 30 -1.23(5.75) -1.173(.250) 25.47 (4.13) 7.57 (1.83) 7.52
snack. (1.68)
Usethe Half-plate Rule: at dinner, load up the 20 -1.05 (3.46) -1.359 (.190) 24.05(3.68) 7.20 (1.51) 7.10
right side of your plate with salad, fruit, or (2.37)
vegetables. The other side can be starches and
meat.
Restrict your eating to the kitchen or dining 24 -0.91 (4.02) -1.107 (.280) 24.33(3.97) 6.21 (2.59) 6.50
room. (Doing this will make it more inconve- (2.23)
nient to mindlessly eat between meals.)
Eat something hot for breakfast at homewithin 25 -0.79 (3.03) -1.306 (.204)  26.16 (3.34) 6.92 (2.58) 7.42
the first hour of waking up. (2.15)
Avoid going morethan 3-4 hourswithout have 43 -0.75 (6.87) -0.711 (.481) 2551 (4.01) 6.69 (2.02) 6.93
something small to eat. (That way, you will be (2.00)
less likely to overdo it at meals.)
Avoid eating anything directly fromitsbag, 27 -0.66 (4.34) -0.790 (.437) 24.67 (4.19) 6.89 (2.17) 6.30
container, etc. (2.30)
Use smaller plates on meals. 21 -0.35(2.98) -0.542 (.594) 24.41(3.91) 7.73(1.16) 7.36
(1.99)
Never eat directly from apackage — always 21 0.27 (4.81) 0.257 (.800) 23.71(3.64) 7.19(1.81) 6.86
portion food out into adish so you need to face (2.33)
exactly what you will eat.
Pack a baggie of precut veggies and fruit for 22 0.46 (3.69) 0.590 (.561)  23.87(3.76) 7.17 (1.95) 717
at least one snack per day. 2.72)
Keep countersclear of all foodsbut thehealthy 21 0.86 (5.17) 0.760 (.456)  27.00 (3.46) 6.86 (2.24) 8.29
ones. (2.49)
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Figure 3. Percentage weight loss for different levels of adherence.
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Per ceived Effectiveness of Changes

The average amount of suggestions that the returning
participants perceived as effective was 1.46 (SD 1.06). The
average perceived effectiveness of all suggestionswas’5.12 (SD
2.73) on a 1-9 scale. Table 4 presents the five most effective
and five least effective suggested changes. The table also
displays the total numbers of participants who received the
suggestion aswell asthe mean valuesfor ratings of effectiveness
and ease, reported adherence, and weight changes from thetime
the suggestion was received by a participant to the time of the
follow-up.

Participants who lost weight between subsequent surveys
reported a higher amount of effective suggestions (mean 1.66,
SD 1.03) than participants who maintained weight (mean 1.38,
SD 1.03) or gained weight (mean 1.24, SD 1.07; F=15.256,
P<.001). Effectiveness was strongly correlated with adherence
(r=.610, P<.001) and ease (r=.691, P<.001).

Some demographic differences were found in participants
perceptions of suggestions. The mean effectiveness ratings for
suggestions were higher among participants who were
white/Caucasian (5.2 vs. 4.7, F=5.162, P=.023) or had at least
acollege degree (5.2 vs. 4.8, F=6.336, P=.012). Moreover, the
mean ease ratings were higher among participants who were
white/Caucasian (4.9 vs. 4.4, F=4.573, P=.033) or who were
from the United States (4.9 vs. 4.6, F=4.070, P=.044).

Barriersand Facilitatorsfor Changes

Experiences of changeswerereported in 745 follow-up surveys.
Common barriersand facilitatorsfor changesthat emerged from

http://www.jmir.org/2012/6/e168/

RenderX

thereported experiences are summarizedin Tables5and 6. The
identified barriers were roughly divided into change-related,
personal, and external barriers. The most common
change-related barrier wasthat the suggestion wasin some ways
unsuitablefor the participant: for example, too specific to certain
situations, actually making the problem worse, or inconvenient
todo. In addition, several participants stated that some changes
were not applicable to their lifestyles at all or that they were
just difficult to implement in most situations. Within personal
barriers, simply forgetting to make the changes and being too
busy to pay attention to changes were the most common ones.
Emotiona eating (due to negative emotions, tiredness, or stress)
and losing track or motivation (“1 did not even try”) also came
up often. The most commonly mentioned external barrier was
unusua circumstances when eating behavior was less under
one's own control (such as vacations or staying with someone
else).

Facilitators for lifestyle changes were divided into
program-related and personal facilitators. The most prevalent
statement was that changes were “easy”. This statement was
not usually elaborated further. Other program-related facilitators
werereminders (calendar checklist, email reminders, or concrete
environmental cues) and goal-setting. Personal facilitatorswere
mostly related to gradual changes in awareness or behaviors
and the feelings these changes evoked. Many participants
commented that specific changes were less important than
becoming aware of eating habits and paying attention to
behaviors that had been mindless. Positive feelings as well as
noticing results (such as enjoying food more and having energy)
were other common themes.
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Table4. Most and least effective suggestions.

Suggestions nof cases Mean effectiveness Mean Mean adherence Mean weight
(SD) ease(SD) (SD) change, Ibs
(SD)

Most effective
1. Keep counters clear of al foods but the healthy ones. 31 6.8 (2.01) 7.6(1.80) 23.8(7.22) 0.3(4.69)
2. Never eat directly from a package—aways portionfood 52 6.7 (2.13) 59(2.62) 16.1(7.93) -0.2 (3.70)
out onto a dish so you need to face exactly what you will
eat.
3. Eat something hot for breakfast at home within thefirst 42 6.3(2.82) 6.6(2.89) 20.0(9.83) -0.2(3.56)
hour of waking up.
4. Avoid going more than 3-4 hourswithout have something 90 6.2 (2.35) 6.2(2.49) 18.1(9.04) -0.8 (5.57)
small to eat. (That way, you will be lesslikely to overdo it
at meals.)
5. Put down your utensils between bites. (Thiswill allow 72 6.1(2.64) 4.7(2.58) 135(9.62) -1.7 (5.29)
you to slow down the pace of your eating.)

L east effective
1. Cinch your belt up 1 notch tighter than usual beforeyou 33 3.1(2.79) 3.2(2.86) 7.5(9.65) -0.9 (2.48)
start to eat.
2. Brush your teeth when you feel like snacking (10:30and 48 3.4(2.68) 3.6(2.67) 6.3(7.61) 0.2 (2.64)
3:45 are the most tempting times).
3. Use the 3 Bite Rule: eat whatever you want, but limitit 55 3.6(2.32) 3.1(2.27) 7.9(7.53) -0.8 (3.02)
to 3 small/medium-sized bites.
4. Exercise at atime when you usualy snack. (Thisway 26 3.8(2.27) 3.6(240) 7.2(6.07) -1.3(2.46)

you are not only removing caories that you would have
normally eaten, you are also burning calories.).

5. After dinner, brush and floss your teeth to prevent 47 3.9(2.71) 3.7(2.76) 8.6(7.95) -0.5(3.21)
evening snacking.

http://www.jmir.org/2012/6/e168/ JMed Internet Res 2012 | vol. 14 | iss. 6 |€168 | p.106
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Kaipainen et al

Table 5. Common barriers to changes based on participants’ experiences.

Barrier Prevalence Common explanations

Change-related barriers

Unsuitable changes 87 Too specific (9), dislike (9), problematic to fit in the schedule (8), made problem
worse (6), changes were incompatible (5), already a habit (5), wasting food felt
difficult (5), irrelevant (4), inconvenient (3)

Inapplicable changes 37 Situation not encountered (21), did not fit the schedule (4)

Difficult changes 34 Difficult to do outside home (12), too much effort (7), difficult month (4), hard to
plan ahead (4), hard to be consistent (2)

Personal barriers

Forgetting 83 Distractions (9), smply forgetting about changes

Being busy 49 Lack of time (11), stress (11), busy schedule (5), major deadline (2)

Not even trying 31 Lack of motivation (10), not feeling committed (5)

Losing track 31 Losing motivation (11), no regular tracking (11), losing focus (8)

Need to eat 30 Hunger (10), cravings (8), danger times (7), availability of food (6), overeating (5)
Emotional eating 17 Stress eating (5), compulsive eating (2)

Ingrained habits 14 Falling back into old patterns

External barriers

Unusual circumstances 57 Vacation (18), lack of control over food choices (14), traveling (12), holiday season
11)

Health issues 18 Own (12), sickness (5), family (1)

Social pressure 13 Partner’s/family’s habits, social gatherings

Unavailability of food 11 Healthy food not at hand (5), no access to healthy food (3), fruit not in season (2)

Table 6. Common facilitators of changes based on participants’ experiences.

Facilitator Prevalence Common explanations

Program-related facilitators
Easy 75 Creating habits that can last (8), small change to existing habits, simple changes

Reminders 21 Checklist and other concrete reminders (12), email reminders (5), environmental
cues (4), accountability (4)

Having goals 17 Thinking about goals (5), determination (3), strategies (3), regular tracking (3)

Per sonal facilitators

Increased awareness of eating habits 41 What, how, and when one eats, recognizing mindless eating habits

Positive feelings 28 Not feeling deprived (6), not feeling hungry (6), enjoyment of food (3), feeling
better (3)

Modifying or expanding the changes 19 Continuing with earlier changes (6), making additional changes (3)

Changes in eating habits 19 Eating more slowly (8), portion control (7), mindful eating (2)

External support 15 Mindless Eating book (5), other health program (4), availability of healthy food
(3), social support (2)

Seeing results 13 Improvement from small changes (5)

Planning ahead 11 Learning to plan and prepare

Already a habit 9 Easy to increase frequency

Psychological changes 9 Overcoming food-related issues (3), sense of control (2)

Discussion weight loss program based on a small-changes approach. The

results of the study showed significant but modest weight loss

In this study, we evaluated weight outcomes and participant  OUtcomes, with larger effects among participants who were
retention in a publicly available web-based healthy eatingand  MOréengagedinthe program, stayedinit for alonger time, and
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completed more follow-up surveys. That is, those who
completed at least three months of the program or adhered at
least 25 days per month to the suggested changes reported a
significantly higher average monthly weight loss than those
who dropped out early or who did not adhere to the suggested
changes. The small-changes approach shows promise, but
encouraging adherence and finding suitable changes for each
person still remain a challenge.

Participant Retention

One fourth of the participants who registered and received the
first set of habit change suggestions returned for follow-up.
Loss of participants over time was fairly quick, with only half
of those who returned for follow-ups staying in the program for
more than two months. Thiskind of high attritionistypical for
voluntary online programs, in which the intervention is neither
mandatory nor critical to participants [18-21] and that do not
provide additional incentives other than positive feedback and
benefits to health and well-being. Attrition ratesin weight loss
interventions vary considerably even in face-to-face settings,
with reported rates ranging from 10% to more than 80% [22].
In the case of NMEC, we can only speculate the reasons for
participant attrition. We could propose three main reasons why
participants stopped returning for follow-up: 1) they were
satisfied with the results, 2) they decided that the program was
not worth their time anymore, or 3) they just forgot about it
while going on with their busy lives. It is likely that the main
contributor is a decrease in motivation after the initial interest
[1Q]. In addition, email reminders were the only method of
communication with participants, and there was no real human
contact that could have resulted in higher engagement to the
program [21].

Nevertheless, rapidly decreasing retention is not necessarily an
indication of the program failing to reach its aims. It has been
suggested that the main role for web-based programs in
prevention and treatment of obesity may be to deliver short
positive messages and reminders that can lead to increased
awareness and seeking of assistance from other sources [23].
The participants of the NMEC program may have needed the
initial boost to get started with concrete habit changes, but after
the initial month or two, some voluntarily reported that they
had already gained enough awareness and skillsto start making
up their own changes that would best suit their individual
circumstances. The strength of the small-changes approach is
that the principleissimpleand quick tolearn[1,5]. Additionally,
it is possible that some participants decided to acquire the book
that was referred to in the program and felt no need to return to
the online program after reading it. The book and the online
program could be viewed as complementary self-help resources.
In fact, it might be beneficial for participants if intervention
programs contained references to external resources based on
their needs as an alternative to combining treatment strategies
for comorbiditiesinto the same intervention [24]. For example,
if there is a reason to suspect that a participant suffers from
depression or anxiety, aweight loss program could guide them
to interventions that handle such issues.
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Weight Outcomes and Effectiveness of Changes

Nearly half of participants lost weight over the course of the
program, and the average amount they lost was 3.2% of their
initial weight. Although the other half of participants either
maintained or gained weight and the overall mean weight loss
was modest, the results suggest that small-changes approachis
promising in weight loss and maintenance, considering that
effect sizesin online healthy eating and weight lossinterventions
have been generally small [9,25]. Moreover, most participants
were overweight, not obese, and the focus of the program was
not primarily losing weight but rather healthier and more
mindful eating. Small weight losses or even maintenance of
current weight are valuable achievements and useful in
preventing weight gain [12]. High adherence was associated
with larger outcomes: for those whose adherence to changes
was 25 or more days per month, weight loss averaged 2.0 Ibs
in amonth.

Half of the suggestionsin the program were generally perceived
as effective, and participants who lost weight rated a higher
amount of suggestions as effective. Sometipsthat were reported
as effective were associated with small (although not statistically
significant) weight gain. This may have been due to other
factors, but it may also indicate that people perceive
effectiveness in different ways. Tips that were associated with
weight gain or weight maintenance were likely to either increase
the amount of healthy food consumed (“keep counters clear of
all foods but the healthy ones”) or give agood start to each day
(“eat something hot for breakfast”). Therefore, effectiveness
could have meant that participants succeeded in changing the
habit, ate healthier, and felt better about themselves even if they
did not lose weight. This notion was supported by several
participants’ comments.

Effectiveness, ease, and adherence were all strongly correlated.
Hence, finding relevant and easy habit changes for each
individual would be essential. Tailoring interventions to
individuals generally increases effectiveness [7,8]; the NMEC
program tailored suggestions simply based on participants
eating goals. Further tailoring to individual circumstances and
psychological characteristics would likely improve outcomes
and adherence, and participants’ own predictions about ease
and effectiveness of habit changes should be used to screen out
changesthat have avery low probability to succeed. Moreover,
suggestions in the NMEC program were considered somewhat
more effective and easy by white/Caucasian participants, more
effective by those with higher education level, and easier by
Americans. Because suggestions were developed based on
research donein the United States, suggestionsand the program
itself may have been more suitable or attractive for an audience
with similarities to the developers. Cultural tailoring in terms
of language, graphics, and consideration of common eating
habits and environments could increase participant adherence
and satisfaction [26], although the most basic suggestions are
likely to be widely applicable even without tailoring.

Adherenceto Changes

Not surprisingly, participants who lost weight adhered more to
suggested changes than participants who maintained or gained
weight. Even though the difference was small (a couple of days
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more per suggestion), it may be enough to tip the scale to the
side of weight loss. Adherence was al so strongly correlated with
perceived effectiveness and ease, which suggests that no matter
what the changeswere, participants benefited from themif they
committed to making them and found them easy to do. These
findings are in line with earlier research that has associated
higher intervention adherence with better behavioral outcomes
[20,25]. If adherenceto actual changesis low, the intervention
does not have alot of chance to impact behavior, except in the
rare cases in which the impact results from keeping the goals
in mind.

Considering that high adherence was associated with higher
weight loss, identifying the best suggestions for weight loss
could be possible by analysis of suggestionsthat received high
adherence ratings. Among the 14 suggestionsthat were adhered
to for at least 20 days by at least 20 participants, 2 were
associated with significant weight loss. Both of them required
somewillpower but did not restrict the amount of eating or food
choice; rather, they drew attention to eating pace or eating
choices. Indeed, several participants commented that these kinds
of suggestions helped to increase awareness of eating habits.
Even though data about prior history of dieting were not
collected in the program, several female middle-aged
participants may have had earlier unsuccessful dieting
experiences[3]. Many diets are characterized by restrictiverules
that may lead to feelings of deprivation [17,27], binge eating
[28], or eating bouts [29]. A small-changes approach could
result in healthier attitudes towards food and eating in response
to hunger and satiety signalssinceit does not restrict eating but
makes people more conscious of their eating habits, if they are
able to adhere to changes.

Adherenceislikely to be mediated by the strength of the existing
habits that need to be changed: if a new habit is supposed to
replace an existing strong habit, the changeislikely to be more
difficult than if the habit to be replaced is weak or nonexistent
[6,30]. This came up in severa participants comments about
deeply ingrained habits. Difficulty of ahabit changeinfluences
how much time it will take to form a new habit. Lally and
colleagues did a study with 96 participants and found that habit
formation took on average 66 days, but there was a large
variation from 18 daysto 254 days depending on the complexity
of the habit [31]. Inthe NMEC program, some participantssaid
that they would have wanted to continue with the changes from
the prior month rather than receive new suggestions. This may
indicate that they were still struggling with habit formation or
that they had been in unusua circumstances where changes
were not applicable. Ideally, suggested changes should be
generic and flexible enough so that they are doable every day.
As some participants mentioned, this will provide a sense of
accomplishment, improve self-efficacy, and encourage them to
continue with further changes[32].

Barriersand Facilitatorsfor Changes

Analysis of participants’ experiences with changes indicates
that habit change suggestions were perceived as more effective
and easy to adhere to if they matched participants' personal
situation, lifestyle, and psychological needs. Unsuitable,
inapplicable, or difficult changes were soon discarded as
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requiring too much effort or being irrelevant. Furthermore,
unusual circumstances such as vacations and busy schedules
with deadlines made it difficult to adhere to suggestions that
concerned environmental changes and food choices, especially
if the suggestions were situation-specific. To accommodate
people's changing circumstances such as travels and holiday
seasons that disrupt existing habits [30], it may be most
beneficial to provide flexible heuristics that are applicable to
any situation. Another possibility is to attempt to profile
participants needs frequently and adapt the advice for changing
situations [33,34].

Losing track of changes or forgetting them completely was
relatively common among participants. Email reminders and a
calendar checklist helped several to monitor their behaviorsand
stay ontrack, but not everyone benefited from periodic prompts
and reminders, which is in line with earlier studies [35].
Concrete cues and remindersin the environment, such as having
the checklist in the kitchen, appeared to be helpful for severa
participants. Participants adherence to daily changes might be
improved by encouraging and advising them to set concrete but
unobtrusive triggers and cues in places where they can
frequently see them [6,36]. The simple small-changes
intervention could also lend itself ideally to mobile phones,
which are carried around most of the day and accessed
frequently.

Having easy changes to make, having goals in mind, and
learning to plan ahead were helpful for participants [32], and
suggestions that increased their awareness about their eating
habits appeared to be especially useful. Such suggestions
typically involved either modifying their eating environment
or learning to focus and slow down. These kinds of suggestions
could be used to overcome emotional eating, which wasafairly
common stumbling block. A lot of needless eating in today’s
society is caused by emotional needs that cannot be fulfilled,
and some people use food instead to fill the emotional void or
to fight their tiredness or stress [37]. Indeed, depression and
obesity have been shown to have a reciproca link [38].
Addressing the problematic relationship with food may require
additional strategies that focus on improving self-esteem,
self-control, and constructive coping [38].

Limitations

The voluntary setting with no active recruitment or promotion
of the program is both a limitation and strength of this study.
That is, the program involved no human contact, and partici pants
reported their own weight and their adherence. The results
should be interpreted with caution because all measures were
self-reported. Weight in subsequent surveys could have been
reported on different times of the day or different weekdays,
which can mask small actual changes in weight. Furthermore,
there was no control group and participant attrition was high.
Since only 25% of participants who registered to the website
returned to the follow-up surveys, it is possible that the
intervention effect is overestimated. Yet even in the absence of
a control group, in this kind of a setting, the behavior of the
participants was likely to resemble behavior of ordinary users
of onlineweight loss and healthy eating programs; some of the
people who registered may have just been curious and had no
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seriousintention to start the program. Moreover, since datawere
collected across 2 full years, the results are generalizable across
seasons and cannot be explained by seasonality (ie, people might
lose more weight over the summer or gain more over the
holidays). In the general population, all reports of changing
weight point to a general increase and not a decrease [39-42].

In the analyses of the most and the least effective suggestions,
the potential influence of the other suggestionsthat participants
received cannot be ruled out. The pool of different suggestions
was so large that only arelatively small number of participants
received individual suggestions, which limits the possibilities
toidentify significant differences. To discover the most suitable
and effectivetipsfor different individuals, further studieswould
be needed.

Conclusions

This study illustrates that an online intervention based on a
small-changes approach can help individuals lose weight,
especialy if they adhere to changes consistently. Participants
who were adherent to their suggested changes 25 or more days
per month reported an average loss of 2 Ibs each month. What
is not fully known is how long this rate of slow and steady
weight loss would continue. In general, adherent participants
who continued past the 3-month mark lost asmall but significant
proportion of their weight. It's important to note that these
people were self-selected and may be much more diligent or

Kaipainen et al

motivated than the average person who joins a small-change
nutrition and weight loss program.

High attrition remains achallenge that can potentially be solved
with further tailoring to individual needs and tighter connection
to participants everyday lives. For instance, asking more
detailed screening questions during the initial profiling survey
could provide moretailored suggestions and increase perceived
relevance and anticipated adherence. Ensuring that changesare
easy and require little effort from participants provides them
opportunitiesto experience success and increased awareness of
their eating habits and benefits of healthy eating, motivating
them to continue on the chosen path. In addition, encouraging
participants to place concrete cues and reminders in their
environment could work even better than notifications through
email or mobile devices. Such changes in a person’s food
environment could lead them to become slimmer by design
[43].

Long-term follow-up is needed to eval uate the maintenance of
habit changes and weight loss. Of particular interest would be
to better predict how likely a participant would be to adhere to
a particular suggestion. Being able to better predict adherence
could lead to more relevant and effective advice. Further
research could a so expand the small-changes approach to other
important health behaviors such as physical activity or stress
management.
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Abstract

Background: Obesity remains a serious issue in many countries. Web-based programs offer good potential for delivery of
weight loss programs. Yet, many Internet-delivered weight loss studies include support from medical or nutritional experts, and
relatively little is known about purely web-based weight loss programs.

Objective: To determine whether supportive features and personalization in a 12-week web-based lifestyle intervention with
no in-person professional contact affect retention and weight loss.

Methods: We assessed the effect of different features of aweb-based weight |ossintervention using a 12-week repeated-measures
randomized parallel design. We developed 7 sites representing 3 functional groups. A national mass media promotion was used
to attract overweight/obese Australian adults (based on body massindex [BMI] cal culated from self-reported heights and weights).
Eligible respondents (n = 8112) were randomly allocated to one of 3 functional groups: information-based (n = 183), supportive
(n=3994), or personalized-supportive (n = 3935). Both supportive sites included tools, such as a weight tracker, meal planner,
and socia networking platform. The personalized-supportive site included a meal planner that offered recommendations that
were personalized using an algorithm based on a user’s preferences for certain foods. Dietary and activity information were
constant across sites, based on an existing and tested 12-week weight loss program (the Total Wellbeing Diet). Before and/or
after theintervention, participants completed demographic (including self-reported weight), behavioral, and evaluation questionnaires
online. Usage of the website and features was objectively recorded. All screening and data collection procedures were performed
online with no face-to-face contact.

Results:  Across all 3 groups, attrition was high at around 40% in the first week and 20% of the remaining participants each
week. Retention was higher for the supportive sites compared to theinformation-based site only at week 12 (P = .01). The average
number of days that each site was used varied significantly (P = .02) and was higher for the supportive site at 5.96 (SD 11.36)
and personalized-supportive siteat 5.50 (SD 10.35), relative to the information-based site at 3.43 (SD 4.28). Intotal, 435 participants
provided a valid final weight at the 12-week follow-up. Intention-to-treat analyses (using multiple imputations) revealed that
there were no statistically significant differencesin weight |oss between sites (P = .42). On average, participants lost 2.76% (SE
0.32%) of their initial body weight, with 23.7% (SE 3.7%) losing 5% or more of their initial weight. Within supportive conditions,
the level of use of the online weight tracker was predictive of weight loss (model estimate = 0.34, P <.001). Age (model estimate
=0.04, P <.001) and initial BMI (model estimate = -0.03, P < .002) were associated with frequency of use of the weight tracker.

Conclusions: Relativeto astatic control, inclusion of socia networking features and personalized meal planning recommendations
in a web-based weight loss program did not demonstrate additive effects for user weight loss or retention. These features did,
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however, increase the average number of days that a user engaged with the system. For users of the supportive websites, greater
use of the weight tracker tool was associated with greater weight loss.

(J Med Internet Res 2012;14(6):€173) doi:10.2196/jmir.2156

KEYWORDS
Internet; obesity; dietetics

Introduction

Overweight and obesity remain serious concerns for a high
proportion of people, with the World Health Organization
estimating that 1.5 billion adults were overweight or obese in
2008 [1]. The expanding reach and capability of electronictools
has resulted in increasing interest in eHealth weight loss
strategies.

While the evidence surrounding eHealth strategiesis evolving,
they remain a popular option for delivering health behavior
change programs to a widening population. In Australia, the
Internet hasthe potential for wide reach with over 70% of people
having access in their home [2]. The potential impact of
Internet-delivered programs at a population level is one of its
many appeals [3]. Internet-delivered obesity interventions may
be more cost-effective than in-person interventions [4,5], with
one study indicating that use of aweb-based program can reduce
actual health care costs [6].

Several reviews of the effectiveness of web-based weight loss
interventions have concluded that the evidence is mixed owing,
in part, to the diversity of intervention programs evaluated
[7-11]. Nevertheless, the American Heart Association [12]
recently released a scientific statement suggesting that the
Internet could be a promising tool for promoting weight loss.
Website usage and self-monitoring seem to be consistently
associated with weight loss [10,11].

A point of contention regarding online interventions is their
effectivenessin the absence of personal contact. Some reviews
suggest that the Internet may provide an effective alternative to
traditional face-to-face programs [11], while others question
the utility of this approach [13]. Relatively few studies report
on web-based weight lossinterventionswithout personal contact.
For example, interventions have provided web-based weight
maintenance sites after traditional in-person weight loss
programs [14,15] or incorporated online components together
with face-to-face counseling [16,17]. Those studies that have
evaluated the efficacy of pure Internet interventions have largely
failed to find additive weight loss benefits of web-based
programs relative to control conditions without an Internet
component [18,19]. In a recent intervention targeting dietary
and physical activity behaviors (not strictly weight loss), Kelders
et al [20] also found no differences in behaviors between users
who had free access to a website compared to a wait-listed
control group. Although these studies have not found additive
benefits of Internet delivery relative to usual-care controls,
Internet intervention groups often demonstrate a mean weight
loss. For example, Gold et al [21] report weight loss of 3.3+5.8
kg over 6 months when participants used the site eDiets.com
(with no personal support) but found better weight lossfor their

http://www.jmir.org/2012/6/e173/

comparison website, which included individualized support
from atherapist.

One of the issues with purely Internet-delivered interventions
is maintaining participant engagement with the sites provided
[20,22]. McConnon et al [18] reported 53% of their participants
accessed their website. It is possible that enhanced features and
social networking tools act to improve engagement with an
online intervention, which consequently improves compliance
to the weight loss program. A randomized controlled trial
comparing the efficacy of enhanced website features at
achieving weight loss, while retaining limited contact with
participants, indicated that a more intelligent system (ie, one
with action plans and self-hel p advice personalized to individual
characteristics) may be beneficial for weight loss relative to
basic information presented online [23]. More recently, van
Genugten et al [24] compared astructured and interactive weight
maintenance website to a static one but found no differences
for body massindex (BMI) or weight circumference at 6 months.
In the realm of physical activity, Internet interventions have
shown promising results for more interactive websitesin terms
of behavior change [25] or retention [26]. However, not all
results have supported additive effects of interactivity for
increasing physical activity in web-based interventions [27].

Limited studies have attempted to evaluate the relative
advantage of different styles of weight loss websites while also
restricting in-person contact with volunteers. Intervention
characteristics such asface-to-face contact and individual emails
constructed by professionals reduce the real-world trandation
of web-based interventions and limit the advantages of
“direct-to-consumer” [22] programs. The aim of this study was
to investigate whether enhanced features and perceived social
support through socia networking tools in an Internet-only
intervention lead to engagement and improved weight loss. We
anticipated that higher levels of interactivity, in particular the
addition of interactive features including social networking
features, aswell as personalized planning assistance, would be
associated with greater retention and weight loss. Finally, we
also aimed to investigate whether particular site featureswould
be associated with higher weight loss.

Methods

Study Design

We assessed the effect of different features of a web-based
weight loss intervention using a 12-week repeated-measures
randomized parallel design. All study components including
the intervention, registration and screening processes,
randomization, and questionnaires were completed online
thereby excluding personal contact with participants within all
aspects of the study. This study was approved by the CSIRO
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Human Research Ethics Committee in December 2010. Dueto
an administrative oversight, the study was not registered
prospectively in a clinical trials registry; the original study
protocol is provided in lieu of registration (see Multimedia
Appendix 1).

Seven versions of the website were developed (see Multimedia
Appendix 2). Many of these sites had the same basic
functionality but varied according to different information and
communication technology features for the purposes of
evaluating human-computer interaction (see [28]). The 7 sites
represented 3 functiona groups (see Table 1): (1)
Information-based: astatic non-interactive version of the weight

Table 1. Functionalities of different versions of the websites.

Brindal et al

loss program, (2) Supportive: a social, interactive website that
provided dietary information as provided in the
information-based site, in addition to interactive tools such as
real-time dietary compliance visualizations, an interactive meal
planner, and social support through asocia networking platform
(ie, personal profiles, friend networks, blogs, discussion forums,
and news feeds), and (3) Personalized-supportive: identical to
the supportive version with the addition of a personalized meal
planner. Thismeal planner offered 3 breakfast, lunch, and dinner
suggestions personalized to user preferences through a
purpose-built algorithm that collated data on user preference
ratings of a collection of recipes and previous planning.

Version Diet and exercise  Interactive Plan- Compliancefeed-  Social support Diet & weight self-  Personalized planning
information ner back system monitoring

Information-based Y N N N N N

Supportive Y Y Y Y Y

Persondized-supportive Y Y Y Y Y Y

Participants and Procedure

In July 2010, the Online CSIRO Total Wellbeing Diet (TWD)
[29] study was promoted in national mass media using the tag
line, “CSIRO are looking for participation in an online diet
study”. Interested participantswereinstructed to register online.
To be eligible to participate in the trial, registrants needed to

be adults (18 years and over) with aBM| >25kg/m? (cal cul ated
using self-reported heights and weights), confirm that they had
regular access to the Internet, and agree to undertake the TWD
for 12 weeks. Participants with any serious medical conditions
that would prohibit them from dieting (eg, cancer, bowel
disease) were excluded. All eigibility screening was compl eted
online automatically using simple rules/filters. No data were
collected regarding the number of ineligible participants. After
a brief screening, eligible participants were shown an online
information sheet and provided their consent to participate in
the study.

Following screening, 8112 people successfully registered to be
part of the trial and were randomized to one of the origina
versions of the TWD portal balanced by age, sex, and BMI.
This randomization was achieved through a script designed by
our software engineer. Registered participants were queued for
condition allocation according to decreasing BMI. The queue
was partitioned into 6 buckets that split the users according to
gender and age, for which there were 3 buckets. Allocating users
to experimental conditions involved processing each bucket in
turn and allocating the next available condition humber to the
next user, thus ensuring that each condition received the correct
proportion of users of that age, gender, and BMI. Only asmall
number of participants were allocated to the information-based
site since one of the major interests of the study was a
comparison of interaction with specific website features
(Multimedia Appendix 2), and these were minimal for the
information-based site.

http://www.jmir.org/2012/6/e173/

Participantswere blinded asto the condition they were alocated.
All were told that CSIRO was evaluating a newly developed
onlineversion of the TWD program. Participantswere not avare
of the features available or the differences between website
conditions at any point of the study.

The successful registrants were sent an email thanking them for
enrolling in the study and informing them of the projected study
start date (approximately 4 weekslater). Dueto the unexpected
volume of interest in the study, this date was revised by afurther
2 weeks and participants were informed via email.

Of those who registered, 65.1% (n = 5279) actually accessed
the website when it became available (Figure 1). This group
was classified as “Users’ of the website. Of the users, 2648
provided a valid baseline weight at the commencement of the
12-week trial (6 weeks after registration) and became our sample
for the purposes of the weight loss data (referred to as
“Starters’).

Once the trial began, participants had unlimited, free accessto
the version of the website they were randomized to. Participants
randomized to the supportive site conditions could use the
discussion forum to contact the study team with any technical
or dietary enquiries. All users, including those randomized to
the information-based site, could also email the team. During
the 12 weeks, 7 group emails were sent from the “The Online
TWD Team”, which thanked users for their involvement in the
trial, described some group-level data (eg, number of userson
the site), and encouraged them to visit the site.

At the end of the 12-week period, participants were further
thanked for their participation and asked to complete afollow-up
guestionnaire and an evaluation survey. As an incentive to
complete this survey, participants were offered the chance to
win one of 3 vouchers for 150 AUD during week 12 of the
study. Just over 5% of those who originally registered provided
follow-up weight values;, these users are referred to as
“Completers’ (Figure 1).
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Figure 1. Allocation of participants to websites and numbers remaining at each stage. Site |= Information-based; Site |I=Supportive; Site

111=Personalized-supportive.

Registration 8112
I
Site | Site Il Site Il
H _ Farrnal withdrawals n=213
Eligible n = 8112 183 3994 3935 Reasons gven: nis)
Allocated to site Lirni ted irternet access 14 (6.6
Health/medi cal 31 (14.6)
Mo reason given gl (35.0
"U " 5979 , . . Persanal 17 (5.0
sers” n= Cammitrnent burden 13 (85)
Used website 127 2591 2561 Diffi culies with site 34 (16.0)
Starkedanother diet 12156)
TWWD not appropriate 6 (28]
"Starters” n= 2648 53 1314 1281
Provided valid start
weight
Completed final . ' )
questionnaire 20 261 252
"Completers” n= 435 16 713 206

Pravided valid final

weight

TheOnline TWD Portal

The Online TWD Porta was built using a customized version
of the open source Liferay Portal software [30] running on an
Apache Tomcat server and using an Oracle database for
relational and non-relational data (see Figure 2). Using Liferay
allowed the Online TWD to be assembled from existing and
custom social, content management, administration, and other
portlets, themes, layouts, and plugin hooks. Portlets such asthe
meal planner and an activity feed were custom built for the
TWD Portal.

http://www.jmir.org/2012/6/e173/

Access to the website was restricted to those registered for the
study. Usernames and encrypted passwords were required to
accessthe site. Each user account was associated with a unique
email address. Cookies were not used to deter the creation of
multiple accounts, but usernames and passwordswere provided
to participants via their email only, thus verifying the validity
of the email address. Each feature of the website is described
briefly below. Further details and screenshots are viewable in
Multimedia Appendix 2.
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Figure 2. Example of a screenshot from the TWD Online portal.
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Diet and Exercise | nformation

The information pages included details on the diet, including
160 recipes, 22 exercises, menu plansand shopping lists, alcohol
management recommendations, success stories, quizzes [31],
and other health-related links. These pagesformed the complete
website for users randomized to the information-based site and
one component of the supportive website.

Dietary and exercise prescriptions were taken from the TWD
commercial books [29,32]. The TWD is a structured,
nutritionally balanced eating plan for weight control that was
developed on the basis of clinical research surrounding the
efficacy of high-protein diets for promoting weight loss [33].
The high-protein diet on which the TWD is based has
demonstrated weight losses of 7.6+0.4 kg over 12 weeks under
clinical research conditions (including face-to-face sessions
with dietitians).

Homepage

For those participants randomized to one of the supportive
websites, several additional tools and services were provided
in addition to the dietary information. Accessto each component
was achieved through a central homepage. This page was mostly
functional, updating individuals on activity on the site and

http://www.jmir.org/2012/6/e173/

XSL-FO

RenderX

[ TP N

providing easy access to tools and information that they may
have required.

Diet Tools

For weight self-monitoring, a simple weight tracker was
provided. Participants could enter their weight as often as they
wished. Graphical feedback on progress was provided in
real-time.

Asthe TWD book incorporates a static meal planner detailing
2 weeks of structured meals, this was provided to all groupsin
theform of atable under the“ Diet Information” section. Those
in either of the supportive site conditionsreceived an interactive
planner that aimed to assist participants in planning their daily
foodintake. A simple drag-and-drop functionality allowed meals
from the provided recipes as well as user-contributed items to
be added and removed from adaily plan. The planner provided
real-time feedback on the compliance of a plan to the rules of
the TWD diet, through acompliance bar located below the plan.
For those in the personalized-supportive site condition,
intelligent recommendations were generated through a
custom-designed algorithm that combined information about
user preferencesfor certain recipes (assessed viaa short survey
at the beginning of the study) with previous meal plansto make
personalized meal suggestions.
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Social Support

The Online TWD porta facilitated social support through a
socia networking platform. Within the social networking
system, each participant was represented by a Profile Page,
which contained space for a photograph and image gallery,
personal details, amessageboard, and apersonal or public blog.
Users could change default profile names (firstname.lastname)
at any time during the study. Friendships between participants
could be requested with requests confirmed or denied as the
recipient saw fit (referred to as “Friending”). Access to all
content on a profile page was restricted to confirmed “friends”.

In the discussion forum, participants could ask questions,
provide support, seek advice, and discuss ideas and thoughts
with the community at large. Technical and dietary questions
were addressed through the forum by an appropriately qualified
member of the research team who did not participate in the
subsequent analysis. Summary information pertaining to the
social networking activities of friendswas presented viaaNews
Feed on the homepages. The list of activities in the feed was
hyperlinked, such that each activity linked to the relevant page
or component of the site and the profile of the user that
performed the activity. Finally, participants could interact with
aSocia Quiz by voting for those of their friendswho met certain
descriptions (eg, “Best Blogger”). These quizzes were based
on interaction with the site and not weight loss.

Website Updates During the Trial

At the launch, technical difficulties were experienced by the
site, which took 5 days to resolve fully. Participants were
informed about these delays by email and advised when they
had been rectified. Usage data were collected after this period.
User feedback informed a series of updates to color and text
size changes as well as minor reorganization of content links
to provide quick access to popular content such as meal plans.

Study Measures

Weight

Weight was self-reported in an online questionnaire at both
baseline and 12 weeks. Percentage of baseline weight lost was
calculated and used as the primary outcome. Baseline weight
was considered as the first weight entered online during week
1 or 2 of thetrial and was available only for starters (n = 2648).
Final weight was taken from the final questionnaire and was
available for completers (n = 435). Although 533 participants
completed some aspect of the final questionnaire, they either
failed to provide a weight or did not enter a valid weight.

Implausible values were determined through a series of
screening procedures utilizing scatterplots and outlier analyses.

Participant Characteristics

Body dissatisfaction [34], proactive coping (Proactive Coping
Scale)[35], Weight-L oss Self-Efficacy [36], perceived need to
lose weight (single item), and perceived behavioral control and
behavioral intentionsto stay on the diet for 12 weeks based on
the Theory of Planned Behavior [37] were measured using an
electronic questionnaire.

http://www.jmir.org/2012/6/e173/
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At baseline, further data were collected about participants
including sex, age, location of residence, and how they use the
Internet [38].

Usage

The level of usage of the site was assessed via 3 metrics: the
total number of days that the site was used, the day during the
study when a user’sfinal action was performed (ie, the last day
the site was used), and the number of days that a user was a
“member” of the site (days between first and last use of the
site).

All interactions with the Online TWD were digitally logged
such that each user action type was recorded in our secure
database. Fifty-six potential usage activities were summarized
into 16 activity groups. The total number of days on which a
user recorded an activity from each of the groups was used to
operationalize use of the online features. Thusthese potentially
ranged from 0-84 days.

Evaluation

At the end of the study, participants completed an evaluation
survey that asked their attitudes toward the website using
guestions developed by the authors. These questions included
“Overall how much did you like the TWD website?’ and “How
much did the website help you stick to the TWD?’, which were
rated on a 9-point bipolar scale from O (not at all) to 9
(completely). Perceived ease of use was asked, “How difficult
was it to use the website?’, and rated on a scale from O (very
challenging) to 9 (not at all challenging).

Statistical Analysis

Retention data were analyzed for all users, whereas other
analyses were based on the sample of starters. These analyses
were performed by a statistician who was not involved with
data collection and randomization of participants.

A multiple imputation (MI) method using the MICE package
[39] inthe R tatistical package [40] was used to impute missing
weight lossvaluesfor the purposes of intention-to-treat analyses.
Final weight loss valuesfor starterswho did not complete were
imputed using theinitial weight, the weight loss calculated from
the last online entered weight (taken from the weight tracker),
and the date of the last online weight entry as predictive
variables. Predictive mean matching was used for the M1 [39].
One hundred datasets with imputed values of final weight were
generated, and the results of analyzing each of these were
combined using the pooling approach [41], thus alowing for
the uncertainty in the imputed values.

Analysis of weight loss data was performed using 3 predictive
models for both the intention-to-treat and compl eters datasets.
Thefirst of these model s assessed the predictive value of website
condition (information-based, personalized or
personalized-supportive) and participant characteristics for
weight loss. The second analyzed how usage of different features
of the website and participant characteristics predicted weight
loss. Thiswas performed excluding the information-based site
users who did not have access to a majority of features. The
third and final model was performed to assess whether feature
usage found to be predictive in the second model could be
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predicted by any participant characteristics. For all models, a
predictive model was developed by selecting variables using
the Bayesian information criterion (BIC) due to correlations
between predictors[42]. All potential predictorsfor each of the
3 models are presented in Multimedia Appendix 3.

Results

Retention of Users

The retention in terms of the proportion of users remaining on
the site each week is shown in Figure 3. In the first week of the
study, about 40% of users were lost while there was a steady
20%/week attrition of users from week 2 onwards. A total of

Figure 3.
I11=Personalized-supportive.

Brindal et al

5.2% of users had some activity in week 12. The retention each
week was compared between sitesusing achi-squaretest. There
were no statistically significant differencesin retention between
the supportive sites (all P values >.05). The information-based
site had significantly lower retention than the others only at
week 12 (P =.01).

The median number of days on which a user accessed the site
was 2. The maximum was 83 (of a possible 84) resulting in a
skewed distribution. Usage difference between websites was
statistically significant (P = .02) with the average days the site
was used at 3.43 (SD 4.28), 5.50 (SD 10.35), and 5.50 (SD
10.35) for the information-based, supportive, and
personalized-supportive websites respectively.

Percentage of users till active in the website throughout the 12 weeks. Site I= Information-based; Site Il=Supportive; Site
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Participant Characteristicsfor Starters
Demographic characteristics can be seen in Table 2. Most

Table 2. Summary statistics of initial questionnaire measures for starters.

Brindal et al

participants resided in the Eastern states of Australia (80.7%),
although there were representatives from each of the nation’s
states and territories.

Non-completer Completer Total
n=2213 n=435 n = 2648
M (SD) M (SD) M (SD)
Female (%) & 82.1 90.1 834
Age (years) & 445 (11.9) 47.4 (11.9) 45.0(11.9)
BMI 34.0 (6.6) 33.6 (6.4) 34.0 (6.5)
25-29 (%) 30.9 324 31.2
30-40 (%) 52.7 531 52.8
>40 (%) 164 145 16.0
peC 0 (1 min: 7max) © 6.32 (0.63) 6.33(0.62) 6.32 (0.63)
Intention ¢ (1 min; 7 max) 6.75 (0.53) 6.80 (0.47) 6.76 (0.52)
PCS @€ (1 min; 4 max) 3.06 (0.45) 3.01 (0.44) 3.05(0.45)
wise f (1 min; 4 max) 2.22 (0.64) 2.24 (0.64) 2.22 (0.64)
Internet use (%)
<lto4hr 10.8 9.0 10.4
5t0 10 hr 34.8 33.8 34.6
11to 20 hr 243 253 24.4
>20 hr 30.2 32.0 305

3 < .001.

b PBC: Perceived behavioral control over staying on diet.
‘P <.05.

9 Intention: Behavioral intention to stay on diet.

€ PCS: Proactive coping scale score.

WL SE: Weight loss self-efficacy score.

Completion Bias
There were differences between starters who did not complete

and completers in terms of sex (x*> = 16.86, P < .001), age
(t(2646) = -4.62, P < .001), and proactive coping (t(2646) =
2.07, P = .039), as shown in Table 2. Completers were more
likely to be female and were slightly older. Starterswho did not
complete the study had higher proactive coping than completers,
though the effect sizewas small. Finally, there was adifference
in the percentage of completers between the website conditions
with starters allocated to the information-based site more likely
to complete. Examination of cell counts suggested that a higher

http://www.jmir.org/2012/6/e173/

proportion of starters who were randomized to the
information-based site (30.2%) provided final weights relative
to those randomized to the supportive site (16.2%) or the
personalized-supportive site (16.1%).

Usage of Featuresby Starters

Summary statistics for each of the website usage measures for
al starters are given in Table 3. Note that the counts of Blog
use and Profile updates were each divided into two different
subgroups, since these werefound to relate differently to overall
retention of users on the site [32]. Blog use was divided into
active (contribution) and passive engagement (consumption)
with the blog.
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Table 3. Website features and uptakes for starters (n = 2648).

Brindal et al

Range IQR?
Features Description % uss min max Median Lower Upper
ing
General usage b
Day of last action Last timethat an activity wasrecorded — 0 87 14 4 39
for the user
Days site used Number of daysthat an activity was - 0 83 3 2 8
recorded
Membership length Time from the user’sfirst activityto - 0 87 13 2 38
their last activity
Diet information ? View diet or exercise content 99 0 80 3 1 6
Diet tools ®
Weight tracker Enter an online weight record 100 1 71 1 1 3
Meal planner Use the meal planner 68 0 78 1 0 2
Compliance View one’s compliance with TWD 36 0 7 0 0 1
Social support ©
View profile: own View one’'s own profile 85 0 82 1 1 3
View profile: else View someone else’s profile 30 0 80 0 0 1
Profile: Text Add personal informationtoone’'sown 30 0 15 0 0 1
profile
Profile: Image Add an image to one’'s own profile 13 0 22 0 0 0
Friending Invite afriend or accept or reject an 14 0 50 0 0 0
invitation
News feed Follow afeed link 22 0 35 0 0 0
Blog: View View ablog 38 0 81 0 0 1
Blog: Add Contribute to or comment on a blog 14 0 81 0 0 0
Discussion forum Forum posts and comments on others' 49 0 78 0 0 2
posts
Wall Contribute to awall 17 0 78 0 0 0
Social quiz Comment on a comparison between 1 0 21 0 0 0

two other users

3 QR: Interquartile range.

b |ncludes the information-based site starters (n =53) who had access only to Diet Information.

¢ Excludes the information-based site starters.

While there were many features available, many of them were
not used. The most used feature was Diet Information, although
even for this feature, 75% of starters viewed content on only 6
days of the study period. All starters on supportive sites used
theweight tracker, but most used it only afew times. Only 14%
established online friendships with another participant.

http://www.jmir.org/2012/6/e173/

Weight L oss

Thedistribution of weight loss at the end of 12 weeksis shown
in Figure 4, both for completers and using multiple imputed
values. The percentage of weight loss from baseline according
to M1 (n = 2648) was 2.76% (SD 3.56) with 23.7% of starters
losing a clinically relevant amount of their baseline weight
(>5%). Completers (n = 435) lost 4.10% (4.05) of their initial
body weight on average, with 37.6% losing over 5% of their
initial weight.
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Figure 4. Combined model for variables predicting percentage weight loss.

Brindal et al

The Effect of Website Condition and Participant
Characteristics on Weight L oss

Average weight lossesamong completerswere 4.15% (SD 4.26),
4.22% (SD 4.34) and 3.97% (SD=3.73) for those who received
theinformation-based, supportive, and personalized-supportive
websites respectively.

Results for models predicting percentage weight loss are based
on valuesderived from intention-to-treat analyses using multiple
imputation methods rather than completers’ data, as, while
specific estimate values differed, significant predictors were
the same.

The pooled model fit to predict percent weight loss from the
participant characteristics and website condition found no
predictors with coefficients significantly different from zero,
indicating no differences in weight loss between the 3 groups.
The number of predictors selected using variable selection with
the BIC criterion in the 100 M1 datasets varied from 0 to 4 with
no predictor selected in over 50% of the datasets.

r "\
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Predicting Weight L oss From Feature Usage

Fitting a model using all of the predictors to the M| datasets
gave pooled parameter estimates given in Multimedia Appendix
3. Theonly predictor that had parameter estimates significantly
different from zero was the number of days the weight tracker
was used. Between the 100 datasets, the number of predictors
selected varied from 1 to 5 using the BIC. Days the weight
tracker was used were selected in all of the models while no
other predictor was selected in more than half of the models.

The average value of R? for the selected models was 10.6.

Prediction of Site Usage M easures From Participant
Characteristics

As usage of the weight tracker was predictive of weight loss, a
model predicting use of the weight tracker from participant
characteristics was created. Age and initial BMI were selected
using the BIC as predictive of uses of the weight tracker (Table
4). Agewasahighly significant predictor with older participants
providing more days of weight record. Individuals with higher
initial BMI recorded their weight less often. Combining the
results of both analyses leads to the model depicted in Figure
5.

Table 4. Summary of parameter estimates for prediction of percent weight loss and use of the weight tracker (data from the supportive site and 111

starters only).
Estimate S t P
Weight loss prediction from feature usage and participant
characteristics
Constant 1.82 0.42 4.32 <.001
Weight Tracker 0.34 0.04 7.64 <.001
Weight tracker prediction by participant characteristics
Constant 195 041 471 <.001
AGE 0.04 0.01 7.40 <.001
Starting BMI -0.03 0.01 -3.26 .001

http://www.jmir.org/2012/6/e173/
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Figure5. Histogram of percentage weight loss for Completers (left) and estimated using multiple imputation (right).
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of use (Table 5). Regardless of website condition, the most
frequent response to “How much did the website help you stick
to the TWD? was “not at al” (a score of 0). While over half
of the people in the supportive site (58.4%) and
personalized-supportive (57.8%) conditionswould recommend
thesiteto afriend, only 27.8% of thosein theinformation-based

condition would recommend it (x* = 6.48, P = .039).

Table5. Means, standard deviations, and P values for ratings of liking, difficulty to use, and helpfulness of the websites presented by website condition
(Iabelled means without a common letter differ significantly according to Bonferonni-adjusted pairwise comparisons, P < .05).

Information-based  Supportive Personalized-support-

n=18 n=209 e
n=204
M SD M SD M SD P
Overall how much did you like the TWD website?? 2722 224 450° 269 4.36° 2.52 021
How difficult was it to use the website?’ 4392 331 4472 273 4,442 2.57 985
How much did the website help you stick to the TWD?? 2392 245 4430 291 40320 2.88 012

@ Response format: O (not at al) to 9 (completely).
b Response format: 0 (very challenging) to 9 (not at al challenging).

Discussion

This is one of a limited number of papers to investigate the
impact of an interactive/supportive, purely web-based weight
loss program. The different level s of support and personalization
studied appeared to havelittle effect on retention, although they
were associated with higher average use of the site. We had
expected that enhanced functionality, including socia support,
interactivity features, and/or personalized meal planning, might
improve weight loss, but this was not the case for the website
evaluated. For those in our sample who received a supportive
version of the program, use of the online weight tracker was
the only predictor of weight loss.

http://www.jmir.org/2012/6/e173/

RenderX

Rothert et a [23] reported 50% greater percentage of weight
loss from baseline for participants who used a tailored/expert
versus static system. In contrast, van Genugten et a [24]
reported no differences in anthropometric measures between a
static and interactive weight management intervention and
suggested that “ sub-optimal” use of the interactive system may
be responsible for their null effects. Unfortunately, Rothert et
al [23] did not include objective usage data in their paper and
did not report detailed information on their system usage. The
more interactive websites in our study were not more effective
than the static site in terms of weight loss or weekly retention.
Itispossiblethat thelevel of interactivity provided by the Online
TWD was not sufficient to provide any additive effects beyond
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the diet, which has a high level of structure and which was
already available as a commercial book.

Completersin our study lost just over 4% of their initial body
weight, on average, with 37% losing a significant amount of
body weight (>5%). Other studies of large cohorts of subscribers
to commercial weight loss programs have reported dightly
higher but comparable weight loss results. Completer analysis
of 837 members of the site, vitkklubb.se, indicated an average
of 6.1% weight loss at 3 months with close to half of these
membersreporting clinically significant losses[43]. Evaluation
of a cohort of members of the site, biggestloserclub.com.au,
was similar with a mean of 6.2% weight loss at 3 months,
although fewer members of thissite achieved clinically relevant
losses (21%) [44]. The average weight loss of around 4% was
about half that found in clinical trials of the TWD but reached
alarger segment of the population with a considerably smaller
investment of resources.

Retention rates are a critical aspect of web-based interventions
[45]. Despite the national reach that the Online TWD Portal
achieved at the registration stage, retention and uptake of the
site were low. Roughly 65% of registrants used the website,
which resembles that reported in similar lifestyle interventions
[20]. As well as uptake, nonuse attrition is common in
web-based studies. Despite up to 21 email reminders, Rothert
et a [23] lost 70% of their sample at a 12-week follow-up. At
12 weeks, other purely web-based weight loss programs have
reported retention rates of 6% to 35% [43,44]. In contrast,
Stevens et al [46] reported that 80% of their sample were still
logging into their weight maintenance system after 12 months
of intervention. Frequent email and telephone prompts may
have contributed to this high retention rate. At the end of our
trial period, we retained less than 6% of initial registrants and
16.3% of users who provided a start weight. The Online TWD
program included limited prompts, was not commercial, and
had no membership fees, which may have reduced the
commitment of participants and inflated attrition levels.

Interaction data suggested that many of the features provided
in the interactive sites were not heavily utilized. Despite the
presence of interactive features, participants average scoresfor
liking of the site were low, and this may have reduced their
interaction with the portal. Alternatively, participants may not
have been experienced with some of the concepts of social
networking (such as friending) or hesitant to send requests to
people not familiar to them as much of the sample were strangers
at commencement of the study (friending was used by only 14%
of starters). Relative to previous studies, the uptake of our
features may not be as low as they appear. Kelders et a [20]
found that under half of their sample accessed their site more
than once. The most utilized feature in Binks and van Mierlo’'s
[22] study was used by only 57.8% of their sample.

Salient questions regarding how to keep people engaged and
using a website without relying on high levels of participant
contact remain. The inability to trandate intention into actual
behavior has been well documented in health psychology, and
the finding that less than half of overweight/obese people
interested in starting the diet actually accessed the site probably
reflectsthis. Providing prescriptive individual goals has shown

http://www.jmir.org/2012/6/e173/

Brindal et al

promising results for the promotion of physical activity [47].
Other behavioral strategies (such asimplementation intentions)
could be used in future studies to encourage interested
participantsto trand ate their initial motivation into action [48].
Likewise, more intelligent system designs may also be able to
improve uptake of features and improve user engagement with
web-based systems in future trials.

The weight tracker appeared to be a critical feature of our
supportive websites, as it was the only feature significantly
associated with weight loss. This is consistent with literature
on the benefits of self-monitoring for general behavior change
including weight loss [49]. In their evaluation of a weight
maintenance program, Funk et a [50] aso reported that the
number of weight entries participants entered was associated
with lessweight regain. Therefore, future studies are needed to
further understand how this feature may have positive effects
for weight management. It wasinteresting that use of the weight
tracker wasastronger predictor than overall usage of thewebsite
for our trial. This suggeststhat interaction a one may not bethe
strongest predictor of weight loss and that the form of this
interaction is worth consideration.

There is little debate regarding the need for social supportive
web-based programs|[8], yet constructing asocial and dynamic
system remains a challenge. Other papers have reported low
uptake of forums and social support and even suggested people
prefer to meet face-to-face than virtually [15,18,44]. Yet, results
of an analysis of live users (n = 84,828) of a web-based health
intervention suggested that “social ties’” were a critical feature
for user engagement with the site and completion of goals[51].
Our finding that participants using a supportive system visited
the site more days than those with the static site offers some
support to this observation. Replicating and achieving virtual
support, especially without personal contact, remainsachallenge
for web-based interventions.

Completers were older than people who started without
finishing. Age was also predictive of greater use of the weight
tracker. Interestingly, similar observations regarding age have
been made in previous studies [20,50,52]. The idea that older
users have higher engagement with aweb-based system seems
contrary to statistics indicating that fewer older people access
theInternet (37% of 65 or older compared to 96% of those under
55 in Australiain 2010) [53]. Although reach may be limited
in older groups in terms of Internet-delivered interventions,
older members who do commit to an online program seem to
utilize the website more. This may be due to higher free time
in this age group who have aimost double the minutes of free
time per day than those between the ages of 15 and 64 [54].
Consequently, those 65 and older who do access the Internet
may be particularly receptive to web-based interventions.

The study we have reported on has strengths and weaknesses
that need to be considered in the interpretation of results.
Although we used intention-to-treat analysis for our sample of
starters, this represented a subgroup of all registrants. The
self-selected nature of interaction with the system and provision
of a starting weight among users may have biased the results
and limited the efficacy of randomization. Attrition also left a
small number (n = 16) of completers in the information-based
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condition. Nonetheless, post-hoc calculations suggested that
we had over 90% power to detect a 3% difference in weight
loss between this site and the supportive sites.

In order to retain higher ecological validity, we did not require
participants to attend our clinic to have objective
anthropomorphic measurements taken. This means that our
weight loss results are based on self-reported data. Despite
careful screening of these data, care needs to be considered in
the interpretation of our results.

Unlike previous purely web-based weight loss interventions,
the Online TWD was based on a validated diet program that
has been proven successful through other delivery mechanisms.
Degspite their relative marketing successes, few commercial
programs are supported by an evidence-base [55]. Thus,
although the content of our program was not theoretically
derived, it was based on an efficacious weight loss program.
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Abstract

Background: Most adults undergoing cardiac surgery suffer from moderate to severe pain for up to 6 days after surgery.
Individual barriers and attitudes regarding pain and its relief make patients reluctant to report their pain and ask for analgesic
medication, which resultsin inadequate pain management. Moreinnovative educational interventionsfor postoperative pain relief
are needed. We devel oped aWeb-based nursing intervention to influence patient’sinvol vement in postoperative pain management.
Theintervention (SOULAGE-TAVIE) includes a preoperative 30-minute Web-based session and 2 brief face-to-face postoperative
booster sessions. The Web application generates reflective activities and tailored educational messages according to patients
beliefs and attitudes. The messages are transmitted through videos of avirtual nurse, animations, stories, and texts.

Objective: The aim of this single-blinded pilot randomized trial was to investigate the preliminary effects of avirtual nursing
intervention (SOULAGE-TAVIE) to improve pain relief in patients undergoing cardiac surgery.

Methods: Participants (N = 60) were adults scheduled for their first cardiac surgery. They were randomly assigned to the
experimental group using SOULAGE-TAVIE (n = 30) or the control group using usual care, including an educational pamphlet
and postoperative follow-up (n = 30). Datawere collected through questionnaires at the time of admission and from day 1 to day
7 after surgery with the help of ablinded research assistant. Outcomes were pain intensity, pain interference with daily activities,
patients' pain barriers, tendency to catastrophize in face of pain, and analgesic consumption.

Results: The two groups were comparable at baseline across all demographic measures. Results revealed that patients in the
experimental group did not experience less intense pain, but they reported significantly less pain interference when
breathing/coughing (P = .04). A severe pain interference with breathing/coughing (pain ranked > 7/10) was reported on day 3
after surgery by 15% of the patientsin the experimental group (4/27), as compared to 44% (7/16) in the control group. On day 7
after surgery, participants in the experimental group also exhibited fewer pain-related barriers as measured by the Barriers
Questionnaire-11 (mean 10.6, SD 8.3) than patients in the control group (mean 15.8, SD 7.3, P =.02). No difference was found
for pain catastrophizing. However, in both groups, means revealed a lower tendency to catastrophize pain before surgery as
measured by the Pain Catastrophizing Scale (control group mean 1.04, SD 0.74; experimental group mean 1.10, SD 0.95) and
after surgery (control group mean score 1.19, SD 0.94; experimental group mean score 1.08, SD 0.99). Finally, the experimental
group consumed more opioid medication (mean 31.2 mg, SD 23.2) than the control group (mean 18.8 mg, SD 15.3, P =.001).

Conclusions: This pilot study provides promising results to support the benefits of this new Web-tailored approach that can
increase accessibility to health education and promote pain relief without generating more costs.
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Introduction

Acute painisthe most commonly experienced pain [1]. October
2010 to October 2011 was the Global Year Against Acute Pain
in recognition of its prevalence. Like any pain problem,
postoperative pain has physiological, psychosocial, and financial
consequences [2-4]. Uncontrolled acute pain results in
complications and del ayed mobilization of patients after surgery,
increased length of stay following surgery, and the risk of
chronic pain [1]. It has been estimated that most adults
undergoing cardiac surgery suffer from intense pain for up to
6 daysafter surgery [5-8]. Cardiac surgery, afrequent procedure
involving sternotomy, is a source of acute pain and also may
contribute to persistent postoperative pain in 17% to 56% of
patients [6,9,10]. Analgesic medication is the most common
method to relieve pain after this type of surgery, although low
doses are often administered [11].

Patients attitudesregarding pain and itsrelief often makethem
reluctant to report their pain and take analgesic medication
[11-13], which could explain inadequate levels of analgesia
particularly when patient-controlled analgesia (PCA) is the
promoted mode of administration. Moreover, most people expect
to suffer from severe pain after cardiac surgery [11]. It hasbeen
shown that pain cognitions, such as pain catastrophizing, may
influence postoperative pain intensity, activity levels, and
analgesic consumption [14,15]. Patients who tend to
catastrophize pain may aso be hypervigilant and avoid
movement, which may cause postoperative complications and
persistent pain [16].

Current reviews of traditional nursing educative interventions
for surgical populations, including cardiac patients, report
unclear objectives and mixed effectson pain [17-19]. Clinically
relevant results and statistically significant effect sizes of
computer-tailored and Web-based interventions have been
recognized for health behavior change with diverse populations

http://www.jmir.org/2012/6/e177/

[20-22]. Hence, interactive health technologies seem to be
powerful and promising media for health education [23-24].
Computers and information technol ogies have been part of our
lifestylefor sometime and they can facilitate theimplementation
of interventionsinfluencing pain behaviors. Computer-tailored
interventions have not been integrated into acute pain
management approaches, although they seem to be a feasible
alternative for surgery. There is a clear lack of innovation in
thefield of pain education becauseinterventions and conclusions
have not changed over almost 20 years[18,19,25]. Thechallenge
is to propose an innovative approach.

SOULAGE-TAVIE (Soutien a I'autogestion - traitement -
assistanceMirtuelle  Infirmiére - enseignement  or
“self-management support - treatment - virtual nursing assistance
and education”) was developed by using a pragmatic and
evidence-based approach [26]. The Web application was created
with the help of a prototype developed by the University of
Montréal’s Chair for Research into New Practices in Nursing
[27]. Computer-tailored technology was used to offer a
complementary and personalized tool to empower patients
without adding a burden to the clinicians in the busy
environment of acute care. Based on tailored communication
[28] and persuasive communication [29] strategiesfor behavioral
change, this tool screens the patient’s pain barriers [30] and
tendency to catastrophize pain [31]. It then generates a
30-minutetailored preoperative session on acomputer animated
by avirtual nursethat guidesthe participant through the learning
process about pain management (Figure 1). Two face-to-face
booster sessions of 5 to 10 minutes were also provided. Before
this study, the content was validated with clinicians and the
Web application’s usability was pretested.

The objective of this pilot study was to assess the preliminary
effects of SOULAGE-TAVIE on pain intensity, pan
interference with daily postoperative activities, patients pain
barriers, tendency to catastrophizein face of pain, and analgesic
consumption.
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Figure 1. Home page of the SOULAGE-TAVIE website showing the determine profile function and start intervention function.
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Methods

Study Design and Randomization Procedure

A single-blinded pilot randomized trial was used to assess the
preliminary effects of SOULAGE-TAVIE for patients awaiting
cardiac surgery, including coronary artery bypassgraft (CABG)
or/and valve replacement, during the first week following their
operation.

Approval of the protocol was obtained from the University of
Montréal Research Committee and from the Ethics Board of
the Centre hospitaier de I’ Université de Montréal (CHUM).
The principal investigator (GM) was responsible of the
recruitment and informed consent procedures at the time of
admission (usually the day before surgery) and explained the
main objective of the study (ie, assessing a new way of
educating patients about pain and pain relief) and the
components and timing of interventions and follow-up for each
group. Therandomized allocation through the use of concealed
envelopes was also clarified. Each potentia participant was
given a copy of the informed consent and time to consider
whether he or she wanted to participate. After the consent was
signed and baseline measures were collected, participants were
randomized into 2 groups by the principa investigator: (1) a
group to use the SOULAGE-TAVIE application and the usual
care procedures (experimental group), and (2) agroup to receive
solely the usual care procedure, ie, apamphlet describing general
principles of pain management (control group). Permuted-block

http://www.jmir.org/2012/6/e177/
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randomi zation with an allocation ratio of 4 was used to generate
a list through computer software. The list and envel opes were
prepared by a colleague who was not involved in this study. An
experienced research assistant was blinded and responsible for
the face-to-face data collection, except for the medical records
that were examined by a trained nurse also blinded to group
allocation. Clinical staff was blinded to group allocation and to
the roles of the research assistant and principal investigator in
the study (data collection vs intervention).

Participants

Becausethe pilot study was not expected to be powered to detect
statistically significant differences, there is no universa
caculation rule to determine sample size. Usualy, 20
participants per group isrequired to be ableto make assumptions
of homogeneity and normality of variances [32]. However,
Hertzog [32] suggests that 30 to 40 patients per group is
necessary when no meaningful difference is known and when
theresearcherswould like to proceed to samplesize calculation
for alarger study. We decided to recruit 60 participants, 30 per

group.

Patients were selected according to the following criteria: (1)
age 18 years and older, (2) elected for afirst-intention cardiac
surgery involving sternotomy (CABG, valve replacement, or
both procedures) at the cardiac surgery unit of the CHUM, and
(3) able to understand and complete questionnaires in French.
Patients were not eligible for the study if they (1) had previous
cardiac surgery, (2) were planned to be on a postoperative
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epidural protocol, and/or (3) were unable to consent because of
acognitive or psychiatric disorder.

Initial Assessment

All participants completed baseline measures in the cardiac
surgery unit either afew days before or the day before surgery
(TO). Usual sociodemographic variables(ie, age, sex, civil status
and living conditions, education level, employment status, and
annual income) were collected. Presence of chronic pain before
surgery was a so documented. Baseline psychologica well-being
measures were assessed with the Hospital Anxiety and
Depression Scale (HADS) [33,34]. The HADS includes 14
items (Likert-type scale ranging from 1 to 4) divided into 2
subscales of anxiety (7 items) and of depression (7 items). Two
scores are calculated, but a total score can also be obtained by
summing the results of the 2 subscales. The validity and
reliability of the HADS iswell established [33,35].

Treatment Conditions

After completing initial measures, all participants received the
preoperative education usually provided on the cardiac surgery
unit of the CHUM. It consisted of a pamphlet to read in the
preoperative phase at the time of admission. This pamphlet
presented diverse aspects about the experience of a cardiac
surgery. Regarding pain, it explained the use of the pain intensity
numeric rating scale (ranging from 0 to 10). It also emphasized
the importance of not waiting for the pain to become severe or
reaching greater than 4 (out of 10) before asking for analgesic
medication or informing the health care staff. Pharmacol ogical
and nonpharmacological options were also discussed.

Patients from the experimental group also received the
SOULAGE-TAVIE intervention. During the intervention’s

Martorellaet d

development, the elaboration likelihood model [29] guided the
choice of 2 strategies to promote attitude change through
reflection and deep processing of information. Firstly, messages
were built according to tailored communication that included
the generation of profilesaccording to ascreening of behavioral
determinants, and the combination of different types of feedback
(descriptive, comparative or normative, and evaluative) [28].
The messages provided were specifically tailored to the
participants’ profile according to real-time answers (dynamic
tailoring) as displayed in Table 1, but also according to a
predetermined algorithm (static tailoring). The algorithm was
based on the mean scores obtained on each of the 7 subscales
of the Barriers Questionnaire-1l (BQ-11) [30] and the Pain
Catastrophizing Scale (PCS) [31], because no cutoff was
identified for these tools. However, the use of subscales’ scores
instead of total scores allowed the provision of more refined
messages. Two profiles (mild vs moderate-high), and
consequently 2 types of activities and/or messages, were outlined
for each subscale (Table 2). If ascorefrom Oto 2 wasrecorded,
the application generated a reinforcement message (mild
profile). If ascore between 2 to 5 on the BQ-11 or between 2 to
4 on the PCSwas obtai ned, the application generated areflection
activity (moderate-high profile). Persuasive communication
also contributed to the development of messages through the
consideration of the source, channel, receiver, and arguments
[29]. For example, the source had to be trustworthy and credible.
A virtual nursewas chosen asthe messenger and different shots
were planned depending on the type of messages. Regarding
messages, other patients' experience and research results were
used to strengthen arguments on the consequences of behavior
and promote self-assessment.

Table 1. Example of reflection activity on pain definition based on real-time answers to the question: “What isthe pain intensity between 0 and 10 that

you expect to feel the day after surgery?’

Feedback User response

Oto3

71010

Descriptive/comparative

cardiac surgery.”

Reinforcement message through per-
suasive communication
pain to facilitate your recovery.”

“Do not let your pain exceed 4!”

“You could feel pain higher than 4 if you move for
example, although you should target amild level of

“Between 0 and 3, painisconsidered mild. Most peo-  “Some peoplefeel severe pain (between 7 and 10) and,
ple feel moderate to severe pain thefirst day after

as they expected it, they think it is normal to endure
it”

“ Studies recommend maintaining amild level of pain
to promote a good recovery.”

“Do not let your pain exceed 4!”

Table 2. Example of tailored message according to score on the Pain Catastrophizing Scale (rumination subscale).

Response Profile
Mild (score< 2) Moderate-high (score > 2)
Message When you feel pain, you think about it sometimes but When you arein pain, you tend to concentrate your mind onit.

you are able to concentrate on something else. Bravo! It

Itisnormal because pain is unpleasant! However, by doing so

isgood to have this attitude when dealing with pain. When  you stop thinking about solutions and you avoid doing your

people focus their mind on pain, they stop moving, it

recovery activitiesto avoid pain.

slows down their recovery, and can also lead to pain ele-

vation.

After the screening (Figure 2), the Web session was divided
into 3 sequences: definition of pain, individual reaction to pain,

http://www.jmir.org/2012/6/e177/

and pain management. A total of 47 videos of a virtual nurse
were shot and placed on 34 pages, including 4 types of content:
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4 screening pages, 15 information pages, 8 question and
feedback pages, and 7 integrati on/consolidation animated pages.
The 3 sequences started with an introductory video and general
content, followed by activities according to individual scores.
Reflective activitiesincluded questions and choices of answers.
Feedback through avirtual nurse’s advice or an animated video
was then provided. Each sequence ended with a video of the
virtual nurse or an animation (eg, case history) integrating
various elements toward the elaboration of an action plan for
postoperative pain (Figure 3). At the end of the session, the
virtual nurse reminded the person that he or shewould bevisited
postoperatively by a nurse as a follow-up to the preoperative
session.

The Web session usually took place on the surgical unit afew
days or the day before surgery through the use of a laptop
Figure 2. Screening page of the SOULAGE-TAVIE website.

Martorellaet al

because a dedicated room and a wireless Internet connection
were not available. A nurse (GM) was present to assist
participantsif technical problemsoccurred. The 2 boosterswere
delivered on the surgical unit face-to-face by the principal
investigator (GM). Thefirst booster was provided on day 2 after
surgery, because this is when patients are usually transferred
from the intensive care unit to the surgical unit. The objective
was to review the main concepts of medication intake and
communication relative to pain level and postoperative activities.
The second booster was provided on day 3 after surgery because
patients start moving a bit more and the analgesic strategy is
usually modified. Moreover, some patients are transferred back
to their health centers on day 3. The second booster’s abjective
wasto review specific items based on the preoperative screening
of pain barriers and catastrophizing.
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Figure 3. Animated integration page of the SOULAGE-TAV IE website displaying case history and nurse's advice.
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4

Primary Outcome M easures

Postoperative measures were taken in the intensive care unit
(ICU) and in the surgical care unit (SCU).

Pain I ntensity

Pain intensity was assessed at 24 (day 1), 48 (day 2), and 72
hours (day 3), and at 7 days (day 7) postsurgery using a
numerical rating scale (NRS) with a range from 0 to10 (0: no
pain at al; 10: worst possible pain) [36,37]. Four different
measures of pain intensity were taken: (1) average pain upon
movement in the past 24 hours, (2) worst pain upon movement
in the past 24 hours, (3) present pain upon movement, and (4)
present pain at rest.

Pain Interference With Daily Postoperative Activities

As suggested by the Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials(IMMPACT) group in regard
to pain core domainsin clinical trials [38], the impact of pain
on various aspects of daily living was assessed with interference
itemsof the Brief Pain Inventory (BPI) [39,40], which has been
successfully validated with cardiac surgery patients [11,41]. It
includes 7 items and evaluates the impact of pain on general
activity, mood, walking, work, relationships, sleep, and
enjoyment of life. Someitems were added in the context of the
present study to measure the pain-related interference on
appetite, concentration, and breathing/coughing. Each item
represents a subscale and can be scored and analyzed
individually with a range between 0 and 10 (O: does not

http://www.jmir.org/2012/6/e177/
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interfere; 10: completely interferes). A total interference score
was also calculated by taking the sum of al the items.

Pain Barriers and Catastrophizing

Patients' barriers toward pain management and tendency to
catastrophize were assessed before surgery and intervention
(T0) and were reassessed on day 7 after surgery using validated
tools. The BQ-I1 [30] includes 27 items divided into 4 subscales:
beliefs regarding secondary effects of medication (12 items),
their harmful effects (6 items), fatalism about the control of
pain (3 items), and attitudes regarding pain report to health care
professionals (6 items). Each item israted on a0 to 5 scale (0O:
totally disagree; 5: totally agree). A total score and scores for
each subscale can be calculated by taking the sum of theitems.
This questionnaire and its subscales have shown interna
consistency and sensitivity to change[30,42]. Because aFrench
version of this tool does not exist, we conducted a
forward-backward trandation protocol [43], and we adapted
specificitemsto the context of cardiac surgery. Thefinal version
was reviewed by a group of experts (ie, a psychologist, a
physician, and a nurse who were al involved in pain research
with the same patients), and tested with 4 patients (2 women
and 2 men).

The PCSwas used to assess patients' tendency to catastrophize
inthefaceof pain. Itincludes 13 itemsdivided into 3 subscales:
rumination (4 items), magnification (3 items), and hel plessness
(6items). Eachitemisrated ona0Oto 4 scale(0: not at al; 4 all
the time). A total score and scores for each subscale can be
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calculated by taking the sum of the items. The PCS has
demonstrated an excellent internal consistency [31,44] and its
sensitivity to psychosocial interventions has been established
in thefield of chronic pain [45,46].

Analgesic Consumption

The analgesic mode of administration (eg, PCA, intravenous
injections, and oral medication) was documented. The dose of
every opioid received postoperatively was transcribed and
converted into standardized parenteral morphine equivalents
[47]. A total in milligrams was calculated for each day, and
means were obtained and analyzed for both groups at each
postoperative day (days 1to 7).

M edico-Surgical Assessment

Medico-surgical characteristics (ie, type of surgery and number
of grafts, type and length of anesthesia, presence of
postoperative complications, duration of ICU stay, and total
postoperative length of stay) were assessed to describe sample
and compare groups preoperatively and postoperatively.

Statistical Analyses

The protocol privileged an intention-to-treat approach for the
analysis of results. If patients had completed the baseline and
one of the postoperative measures, they were included in the
study. An apha = .05 level of significance was used for all
analyses. Descriptive statistics (frequency tables, means, and
standard deviations) were summarized at each time point.
Student’s t tests or Chi-square tests were performed for each
sociodemographic, medico-surgical, and baseline psychol ogical
variables to assure that equivalence of groups was obtained
through randomi zation, although this procedureis not mandatory
[48].

http://www.jmir.org/2012/6/e177/
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Theevolution of painintensity, pain interference, and analgesic
consumption in the 7 postoperative days for both groups was
examined with 2-way anaysis of variance (ANOVA) with
repeated measures on 1 factor, such as time with 4 levels (day
1, day 2, day 3, and day 7), and 1 nonrepeated factor (group)
with 2 levels (experimental group and control group). The same
type of analysiswas used to assess the evolution of the patients’
pain barriers and tendency to catastrophize at baseline and on
day 7. If interactionswerefound (P < .05), post-hoc comparisons
were performed. Independent t tests were conducted at each
time to compare groups and 1-way repeated-measure ANOVA
for each group to study time effects. Chi-square tests were
conducted to compare the proportion of patients with pain
intensity and pain-related interference = 7/10.

Results

A total of 88 potential participants were approached. Of these,
10 (11%) did not meet the selection criteria (4 were not
French-speaking, 1 was deaf, 3 were scheduled for a second
surgery, 1 had a stent, and 1 had a cognitive disorder), and 18
(20%) refused to participate (males: 13/18, 72%; females: 5/18,
28%). A sample of 60 patients was recruited over 4 months
from February to June 2010. The number of participantsat each
phase of the trial is illustrated by the Consolidated Standards
of Reporting Trials (CONSORT) diagram (Figure 4) [48]. Four
patients in the control group did not receive allocated
intervention. All patients from the experimental group received
SOULAGE-TAVIE (Web session plus 2 booster sessions). Six
patients were lost at follow-up in the control group. A total of
52 patients were included in the analysis. Eight patients were
excluded from analysis because pain measures were not
available.
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Figure4. CONSORT flow diagram of participants.
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Sample Characteristics

Descriptive data for sociodemographic, psychological, and
medico-surgical variables are presented in Table 3. The sample
included 21% (11/52) of women and 79% (41/52) of men with
amean age of 64 years (range 41-85). No statistically significant
differences between the control group and the experimental
group were found at baseline for their sociodemographic
characteristics. Thetwo groupswere comparablein their anxiety
level (HADS) before surgery (control group mean 8.32, SD
5.17; experimental group mean 6.77, SD 4.44) and on day 7
after surgery (control group mean 5.84, SD 3.25; experimental
group mean 5.37, SD 4.15). The same was true for their

http://www.jmir.org/2012/6/e177/
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depression levels (HADS) prior to surgery (control group mean
2.86, SD 2.29; experimenta group mean 3.67, SD 3.40) and
after surgery (control group mean 4.21, SD 4.01; experimental
group mean 4.30, SD 3.32). No dsatigtically significant
differenceswere found in the medico-surgical variables, except
for the number of grafts. The experimental group had a higher
number of graftsthan the control group. The control group spent
moretimein the ICU and SCU. These results are explained by
one outlier in the control group for both measures. Medians
were similar with 17 hours in intensive care for the control
group and 14 hours for the experimental group and 7.5 daysin
postoperative care for the control group and 7 days for the
experimental group.
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Table 3. Demographic and clinical characteristics of the participants in the control and experimental groups.

Variables Control group Experimental group P value
n=22 n=30
Sex, n (%) 81
Female 5(23) 6 (20)
Male 17 (77) 24 (80)
Age, mean (SD) 63.2(9.9) 64.6 (8.2) .58
Marital status, n (%) .89
Single 1(4) 1(3)
Married or free union 14 (64) 21 (70)
Separated/divorced/widowed 7(32) 8(27)
Living arrangements, n (%) A1
Lives with spouse (with or without children) 14 (64) 22 (73)
Lives with family member or friend 3(19) 0(0)
Livesaone 5(22) 8(27)
Education level, n (%) 19
Primary 6 (27) 6 (20)
Secondary 6 (27) 8(27)
High school 2(9) 10(33)
University 8(37) 6 (20)
Employment status, n (%) .10
Full time/part time 10 (45) 14 (47)
Unemployed/student 3(14) 4(13)
Retired 9(41) 12 (40)
Annual income, n (%) a7
< CAD $25,000 9 (41) 10 (36)
< CAD $55,000 10 (45) 12 (43)
> CAD $55,000 3(14) 6(21)
Presence of chronic pain, n (%) 9(41) 10(33) .57
Duration of chronic pain in months, mean (SD) 111.3(157.1) 142.4 (187.5) .70
Type of surgery, n (%) 48
CABG 11 (50) 20 (69)
Valve replacement (VR) 5(23) 4(14)
CABG + VR 6(27) 5(17)
Presence of postoperative complication(s), n (%) 15 (68) 13 (45) .10
Use of patient-controlled analgesia, n (%) 13 (59) 17 (59) .97
Number of grafts, mean (SD) 2.47 (1.0 329 (1.1) .02
Anesthesia duration in minutes, mean (SD) 204.9 (82.6) 210(70.2) .82
Opioid dose during surgery expressed into morphine equivalents, mean (SD) 51.0 (36.7) 50.3 (35.7) .95
Intensive care length of stay in hours, mean (SD) 84.7 (202.7) 32.0(24.8) A7
Postoperative length of stay in days, mean (SD) 11.2(9.6) 7.5(3.3) .06
http://www.jmir.org/2012/6/e177/ JMed Internet Res 2012 | vol. 14 | iss. 6 [e177 | p.137
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Pain | ntensity

Statistical analyses revealed no significant group by time
interactionsfor the 4 pain intensity measures (average and worst
pain upon movement in the past 24 hours, present pain upon
movement, and present pain at rest). Pain intensity scores
decreased significantly over time in both groups (P = .001).
Because the experimental group had significantly more grafts
than the control group, a repeated-measures anaysis of
covariance (ANCOVA) was performed including the number
of grafts as a covariate for pain intensity results. Conclusions
weresimilar to those of the ANOVA. No statistically significant
difference was found between groups in the proportion of
participants suffering from severe pain (intensity = 7/10) on the
4 measures of pain for each time point.

Pain Interference With Daily Postoper ative Activities

No significant group by time interactions were found for the
total pain interference BPI scores. The same was true for each
subscale of the BPI measuring pain interference with different
aspects of daily living. The items walking and appetite were
removed from analysis at day 1; most patients did not answer
thisitem because it did not apply to their condition. However,

Martorellaet d

patients of the experimental group tended to report that their
pain interfered less with deep breathing and coughing
(F13,=4.09; P = .05), asexpressed by their postoperative mean
on this subscale at each time (day 1 mean 4.7, SD 2.5; day 2
mean 4.9, SD 2.7; day 3 mean 3.6, SD 1.9; and day 7 mean 3.4,
SD 2.6) compared to the control group (day 1 mean 6.2, SD
2.8; day 2 mean 6.1, SD 3.2; day 3 mean 5.4, SD 3.8; and day
7 mean 5.0, SD 3.8).

A second set of analyses was carried out to compare the
percentage of patients in each group who reported severe pain
interference (score= 7/10) on the different subscales of the BPI.
As shown in Table 4, a statistically significant difference in
favor of the experimental group wasfound on the deep breathing
and coughing subscale on day 3 (P =.04) and aresult close to
statistical  significance emerged on day 7 (P=.06). A
significantly lower percentage of patients in the experimental
group also reported severe pain-related interference on their
appetite on day 7 when compared to the control group (P = .02).
Results close to statistical significance were also observed in
the experimental group with regards to pain interference with
walking (P=.06) and concentration (P=.06) on day 2
postoperatively.

Table4. Number and percentage of patients who reported severe pain interference (= 7/10) in specific activities as assessed by the Brief Pain Inventory

(BPI) in the control and experimental groups.

Activities Day 1 Day 2 Day 3 Day 7

n/N (%) P value n/N (%) P value n/N (%) P value n/N (%) P value
Walking n/a .06 .19 42
Experimental group n/a 2/21(9) 3/27 (11) 4/30 (13)
Control group n/a? 5/14 (36) 4/15 (27) 4/18 (22)
Appetite n/a® .50 .98 .02
Experimental group n/a 4/26 (15) 5/27 (18) 1/30 (3)
Control group n/a 4/17 (23) 3/16 (19) 5/19 (26)
Concentration .18 .06 .23 .93
Experimental group 4/25 (16) 3/26 (11) 3/27 (11) 5/30 (17)
Control group 6/18 (33) 6/17 (35) 4/16 (25) 3/19 (16)
Breathing and coughing .23 .28 .04 .06
Experimental group 8/25 (32) 8/26 (31) 4/27 (15) 3/30 (10)
Control group 9/18 (50) 8/17 (47) 7/16 (44) 6/19 (31)

@n/a: not applicable to the patients’ condition

Pain Barriersand Catastrophizing

A significant group by time interaction was found for attitudes
related to harmful effects of analgesic medication (F; 46 = 5.61;

P =.02), as shown in Table 5. Post-hoc tests revealed that the

http://www.jmir.org/2012/6/e177/

experimental group had significantly fewer of these barriers
than the control group at day 7 (P = .03). Since groupswere not
significantly different at baseline (P = .61), it seems that they
experienced a different evolution after surgery that made them
significantly different at day 7.
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Table 5. Mean scores on the Barriers Questionnaire-11 (BQ-I1) for the control and experimental groups.

Baseline, mean (SD) Day 7, mean (SD) P value
Experimental Control Experimental Control Group  Time Interaction
Subscales of BQ-II
Secondary effects 20.4 (12.4) 25.1(12.2) 17.7 (14.7) 26.9 (15.1) .06 8l 22
Harmful effects 12.6 (8.0) 13.4(8.5) 10.6 (8.3) 15.8(7.3) .18 80 .02
Fatalism 1.8(2.5) 1.7 (2.6) 2.2(2.5) 0.8(1.0) 23 46 .07
Communication 11.1(8.5) 8.2(6.4) 9.7 (7.6) 10.6 (7.7) .62 .65 .07
Global score on the BQ-II 45.9 (25.9) 47.9 (19.5) 40.2 (29.4) 53.3(27.7) 29 95 .07

The experimental group exhibited fewer pain-related attitudes
on day 7 than the control group, athough this did not meet
statistical significance (P =.07). Since groups were equivalent
at baseline (P = .36), patients of the experimental group tended
to exhibit fewer pain-related attitudes at day 7, as expressed by
their means (prior to surgery mean 45.9, SD 25.9; day 7 mean
40.2, SD 29.4) compared to the control group (prior to surgery
mean 47.9, SD 19.5; day 7 mean 53.3, SD 27.7). Sincethe study
involved a restricted sample, this result may suggest a lack of
power to detect atreatment effect on global pain-related barriers.
A power calculation was then run regarding the evolution of
means for the global score on the BQ-I1 between day 2 and day
7 after surgery, group sample sizes of 56 (N = 112) achieve
80% power to detect a difference in mean scores with a
significance level (alpha) of .05 by using a 2-sided 2-sample t
test.

Results obtained on the PCS revealed no group by time
interaction. However, mean scores for both groups suggest that
patients showed alow tendency to catastrophize in face of pain
before (control group mean 1.04, SD 0.74; experimental group
mean 1.10, SD 0.95) and after surgery (control group mean
1.19, SD 0.94; experimental group mean 1.08, SD 0.99).

Analgesic Consumption

Asseenin Table 6, results of the statistical analysis revealed a
group by time interaction with regard to opioid consumption
after surgery indicating that the intake was higher in the
experimental group than the control group (Fg 240 = 4.06;
P =.001). However, post-hoc tests revealed that the group
difference was statistically significant only on day 2 (P = .006).

Table 6. Opioid dose after surgery expressed into milligrams (mg) of morphine equivalents for both control and experimental groups.

Postsurgery day Opioid dose (mg morphine) P vaue
Control group Experimental group
mean (SD) mean (SD)
Day 1 21.9 (13.4) 26.4(16.2) 65
Day 2 18.8 (15.3) 31.2(23.2) .006
Day 3 13.3(12.6) 17.7 (15.4) 11
Day 7 3.2(4.5) 43(7.2) 57
Discussion patients of the control group reported significantly more pain

This study examined the preliminary effects of a Web-based
nursing intervention for postoperative pain after cardiac surgery
and showed promising results supporting the short-term benefits
of SOULAGE-TAVIE for improving important postoperative
pain-related outcomes. Our findings showed that patients who
received the intervention reported significantly less pain
interference when breathing and coughing, exhibited fewer
pain-related barriers, and consumed more opioid medication
than those of the control group. However, delivery of the
intervention did not translate into less-intense postoperative
pain.

Significant Results

Pain severity can be assessed by its intensity and also by its
impact on various aspects of daily living [38,49]. In the present
study, no group difference was found for pain intensity, but

http://www.jmir.org/2012/6/e177/

interference with breathing/coughing. An earlier randomized
controlled trial (RCT) [11] evaluated the effects of an educative
pamphlet with the same popul ation. They recorded adifference
between groups regarding pain impact on breathing/coughing
on day 5. However, in the current study, the difference was
observed earlier (day 3) and results suggested that thistendency
was maintained until day 7. At the usual time of discharge (day
7), patients from the control group still experienced amoderate
level of pain interference with breathing/coughing compared to
amild level for the experimental group. Important results from
a clinical point of view were also found for concentration,
appetite, and especially walking. Breathing/coughing and
walking are practiced early in the postoperative phase and are
crucial activities for patients' recovery [50,51].

Because SOULAGE-TAVIE was meant to promote
self-management, one of the most interesting results is that it
had an effect on analgesic consumption. Several studies
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underlined the lack of analgesia in the surgical population
[8,11,12]. Until now, no intervention, even when targeting
pain-related barriers, had an effect on opioid intake [11,42].
Results of our study revealed that, compared to the control
group, the experimental group consumed significantly more
opioids on day 2 (ie, after their transfer from intensive care)
although modes of analgesia required more involvement (PCA
vS as needed). For that matter, a booster session of
SOULAGE-TAVIE was given at that time point. A difference
of 60% in the opioid consumption was recorded when patients
started moving more (day 2).

The presence of pain barriers has already been associated with
alow analgesic intake [30,42,52]; therefore, it is not surprising
that the intervention also modulated the evolution of attitudes
toward harmful effects of medication (ie, one of the targets of
the intervention). Indeed, the experimental group exhibited
significantly fewer of these pain-related attitudes on day 7. A
previous RCT on an educative intervention (pamphlet and group
meeting) in the same population had found a significant
difference between groups on some negative pain-related
attitudes on day 5 [11]. Another RCT tested an individualized
intervention targeting pain-related barriersin persons suffering
from cancer pain and showed a greater decrease of these
attitudesin its experimental group [42]. These studies reported
interesting results, but the present one showed that groups
evolved differently after their surgery.

It is difficult to delineate the specific contribution of the
intervention’s components. However, some principles were
considered during the development of SOULAGE-TAVIE and
can be taken into account. It should first be noted that the
elaboration likelihood model and predictors, such as pain
barriers and catastrophizing, were used to select intervention
techniques and develop messages. This procedure was found
to be more effective to influence behavior change, particularly
with Internet-based interventions [22,28]. The main difference
between SOULAGE-TAVIE and previous tested interventions
(standardized, individualized) for pain relief is the
computer-tailoring approach that improves health behaviors
through the delivery of highly personalized messages[20,24,28].
Such messages stimulate the motivation to reflect on attitudes
and suggested behavior [28,29]. This thoughtful process is
associated to higher persistence of attitude change, stronger
resistance to counter-persuasion and consistency between
atitude and behavior [29,53]. The combination of
computer-tailoring and persuasive communication techniques
generated the use of various strategiesto build messages, which
was also found to increase the effect of Internet-based
interventions [22]. SOULAGE-TAV IE used three strategies of
tailoring (personalization, content matching, and feedback). The
combination of these strategies increases the consideration of
messages [ 20,28,54]. However, feedback seems to be the most
efficacious [20,28]. The combination of various types of
feedback, ie, descriptive, comparative (normative), and
evaluative, is also known to be more beneficia [20,24,28].
Moreover, promoting social comparison (comparative feedback)
and providing feedback on performance (evaluative feedback)
through Internet-based interventions was found to influence
behaviors[22].

http://www.jmir.org/2012/6/e177/
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Interactive health technologies (IHT) also contributed to the
success of SOULAGE-TAVIE because of their attractiveness,
diversity, and flexibility [23,27,55]. The SOULAGE-TAVIE
application allowed the mix of modalities (animation, quiz, case
history, and virtual nurse’'s advice) that helped to avoid
redundancy of messages and to keep the participant’s attention
[23,24,29]. The virtual nurse was an original way to convey
educational messages, because computer-tailored messagesare
still primarily transmitted in a written format even when the
intervention is provided through the Internet [20,24]. The goal
was not to replace a real patient-nurse relationship, but the
personification of feedback was meant to give the sense of an
interaction and personalized consultation [27]. Personal contact
seemsto support behavior changein Internet-based interventions
[22]. Findly, because of IHT, not only static tailoring
(predetermined algorithm) was possible, but dynamic tailoring
(in real time) was also provided, which has already been
associated with larger effects on behaviors[20].

Nonsignificant Results and Limitations

As mentioned, pain intensities were not affected by our
intervention as observed earlier [ 11]. Some authors highlighted
unspecific effects in intervention research that could explain
this phenomenon, such astherapeutic alliances but also patients’
expectations [56-58]. However, this result is more surprising
in this study, because the experimental group consumed more
opioid medication. Thisfinding could be explained by the fact
that the experimental group experienced less pain interference
and consequently practiced more postoperative activities
resulting in more pain. Hence, from aclinical point of view, the
experimental group reported less postoperative complications
than the control group (45% vs 68%).

The tendency to catastrophize in face of pain was found to be
quite low in both groups of patients and the recruitment timing
might explain this phenomenon. Patients were recruited at the
time of admission on the cardiac surgical unit. The
announcement of their diagnosis and open-heart surgery was
often made a few hours before as the surgeons avoided the use
of awaiting list. Pain catastrophizing has been studied in el ective
cardiac surgica patients, but authors did not underlinethetiming
of the announcement versus recruitment [15]. Other authors
studied pain catastrophizing in relation to postoperative pain
with a variety of clienteles excluding emergency and cardiac
surgical patients [14] (ie, in patients who are in a less
life-threatening situation).

The present study has some limitations. With respect to internal
vdidity, unblinding of the research assistant could have occurred
although the data collection took place on two departments (ICU
and SCU) and at different times than the intervention.
Contamination was possible postoperatively during boosters,
but the main content was given preoperatively through the Web
session. It should also be noted that the intervention wasaways
provided by the same person. This may have increased
uniformity in the intervention’s delivery, but increased the
possibility of a practitioner effect on patient outcomes as well
[57,59,60].
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Future Research

SOULAGE-TAVIE isafirst and promising attempt at educating
people on pain relief, particularly in the acute care setting, as
recent reviews on computer-tailored and Web-based
interventions do not report interventionstargeting pain [20,24].
Research avenues are numerous with regard to this approach
because of computer tailoring and IHT. For instance, the
influence of sociodemographic variables (eg, sex differences)
on learning and clinical outcomes has been observed in the
cardiac surgery population [61-63]. Becauseit was not possible
to examine these differencesin the context of apilot study with
a restricted sample, it would be interesting to further explore
these patients' characteristics in a large-scale study on the
efficacy of SOULAGE-TAVIE. The influence of mediators
and/or moderators related to delivery of computer-tailored
interventionsthrough IHT has not really been investigated [ 20].
Again, individual characteristics and related preferences could
influence the impact of this media. In the case of
SOULAGE-TAVIE, there is a need to examine whether the
presence of the virtual nurse complemented the benefits of the
highly personalized messages.
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Conclusions

In conclusion, it seems possibl e to influence pain management
behavior with a brief intervention if educative messages are
tailored and personally relevant for theindividual. The findings
of this pilot RCT provide promising support for the benefits of
aWeb-based and tailored nursing intervention on postoperative
pain management. In contrast to other educational approaches
for pain management, SOULAGE-TAVIE included specific
mechanisms and strategies of personalization and feedback.
The preliminary effects are encouraging enough to warrant
further efficacy and long-term effectiveness evaluation of this
new educational tool.

Nursing holds a privileged place to intervene in the primary
prevention of pain. Improving health information before and
after surgery can decrease barriersto pain management through
patient empowerment and self-management of pain [33]. Since
this intervention could be offered on the Web, this format can
increase accessibility to health education without generating
more costs[8,42,51]. The development of new and cost-efficient
ways to care for patients with acute pain, the most commonly
experienced pain, is crucia to decrease the gap between
evidence and practice results of undertreatment [32,35].
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Abstract

Background: The Internet has the potential to provide large populations with individual health promotion advice at arelatively
low cost. Despite the high rates of Internet access, actual reach by Web-based interventions is often disappointingly low, and
differences in use between demographic subgroups are present. Furthermore, Web-based interventions often have to deal with
high rates of attrition.

Objective: This study aims to assess user characteristics related to participation and attrition when comparing Web-based and
print-delivered tailored interventions containing similar content and thereby to provide recommendationsin choosing the appropriate
delivery mode for a particular target audience.

Methods: We studied the distribution of aWeb-based and a print-delivered version of the Active Plusintervention in aclustered
randomized controlled trial (RCT). Participantswererecruited viadirect mailing within the participating Municipal Health Council
regions and randomized to the printed or Web-based intervention by their region. Based on the answers given in aprior assessment,
participants received tailored advice on 3 occasions. (1) within 2 weeks after the baseline, (2) 2 months after the baseline, and
(3) within 4 months after the baseline (based on a second assessment at 3 months). The baseline (printed or Web-based) results
were analyzed using ANOVA and chi-square tests to establish the differences in user characteristics between both intervention
groups. We used logistic regression analyses to study the interaction between the user characteristics and the delivery mode in
the prediction of dropout rate within the intervention period.

Results: The printed intervention resulted in ahigher participation rate (19%) than the Web-based intervention (12%). Participants
of the Web-based intervention were significantly younger (P<.001), more often men (P=.01), had a higher body mass index
(BMI) (P=.001) and alower intention to be physically active (P=.03) than participants of the printed intervention. The dropout
rate was significantly higher in the Web-based intervention group (53%) compared to the print-delivered intervention (39%,
P<.001). A low intention to be physically active was a strong predictor for dropout within both delivery modes (P<.001). The
differencein dropout rate between the Web-based and the printed intervention was not explained by user characteristics.

Conclusions: Thereach of the sametailored physical activity (PA) intervention in aprinted or Web-based delivery mode differed
between sociodemographic subgroups of participants over 50 years of age. Although the reach of the Web-based intervention is
lower, Web-based interventions can be agood channel to reach high-risk populations (lower PA intention and higher BMI). While
the dropout rate was significantly higher in the Web-based intervention group, no specific user characteristics explained the
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differencein dropout rates between the delivery modes. Moreresearch is needed to determine what caused the high rate of dropout

in the Web-based intervention.

Trial Registration: Dutch Trial Register (NTR): 2297: http://www.trialregister.nl/trial reg/admin/rctview.asp?TC=2297 (Archived

by WebCite at http://www.webcitation.org/65TkwoESp).

(J Med Internet Res 2012;14(6):€179) doi:10.2196/jmir.2229
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Introduction

During the last few decades, computer tailoring has become an
important method to provide individuals with personalized
health promotion advice [1]. Computer tailoring is a method
that uses questionnaires to assessindividual participants and to
automatically produce feedback, based on the assessment, using
computer-based data-driven decision rules. The feedback is
automatically adapted to the personal characteristics of the
participant [2,3]. Several studies confirmed the effectiveness
of computer tailoring in termsof behavioral changeby providing
tailored health promotion advice [2,4,5].

While printed materials were previously one of the most used
communication channels of tailored interventions, the Internet
has become more popular in recent years. The Internet has the
potential to provide large populations with individual advice at
arelatively low cost and without intensive labor [6]. Recently,
an enormous increase in Internet use has taken place in older
age groups and lower socioeconomic status (SES) groups [7].
In Europe, Internet access ranges from 45% of the population
in Bulgariato 94% of the population in the Netherlands (where
the current study was performed) [8]. Although home Internet
accessin the Netherlandsis still relatively low (68%) for people
over the age of 65 years, 91% of people between the age of 55
and 65 had home Internet access in 2010 [7]. Furthermore,
differencesin Internet access between SES groups have become
much smaller (87% inlow SES groups, 98% in high SES groups
[7]). This indicates that low SES and old age are no longer
barriers for Web-based interventions. Evidence-based
Web-based interventions are particularly relevant for older age
groups, as they are the fastest growing online user group and
tend to have the most interest in and need for health-related
subjects[9]. Of people over 55 years of agewho usethe Internet,
81% are interested in finding health information online [10].

Despite the high rates of Internet access, Web-based
interventions do not often reach the intended target population.
Different demographic groups, based on age or SESfor example,
use and respond to Web-based interventions differently
[7,11,12]. The response rates to Web-based questionnaires are
often significantly lower than the response rates to similar
printed questionnaires [13-15]. Furthermore, Web-based
interventions often experience high attrition rates. For
Web-based interventionsto achieve the optimal impact on public
health, more insight related to reach and attrition of such
interventions is of major importance. To our knowledge, no
previous studies have been performed to compare the reach and
attrition of a Web-based intervention to a print-delivered
intervention targeted at a population over 50 years of age.

http://www.jmir.org/2012/6/e179/

Several models have emphasized the importance of gaining
insight into the reach and attrition of an intervention, including
the RE-AIM framework [16,17] and McGuire's
persuasi on-communication matrix [18]. The RE-AIM framework
argues that the public impact of an intervention isafunction of
5 factors. reach, efficacy, adoption, implementation, and
maintenance [19]. According to McGuire's
persuasion-communication matrix [18], the channel of an
intervention (ie, the delivery mode) and the characteristics of
the user may influence decision making on the use of an
intervention. Insight into the specific characteristics of the users
of theintervention in different delivery modes could help future
researchers choose the appropriate delivery modefor aparticular
target audience. It may also facilitate and optimize the adoption,
reach, and impact of evidence-based tailoring of interventions
for public health in the future.

To determine whether differences in reach and attrition rates
are related to the delivery channel and not to the intervention
itself, this study compares a Web-based and print-delivered
tailored intervention with similar content. The Dutch Active
Plus intervention, which can be delivered as a print or Web
format, consists of tailored advice designed to stimulate physical
activity (PA) among the aging population [20-23]. Previous
studies have proven that the print-delivered intervention is
effective in stimulating PA among people over the age of 50
[23,24]. The printed version was trandated into a Web-based
version [22], and the effectiveness of the online version is
currently being evaluated. Preliminary results show that the
printed and Web-based interventions are equally effective in
promoting PA behavior after 6 months [25]. On 3 different
occasions, the intervention provided tailored advice based on
individual assessments from a questionnaire. Since this
intervention contains multiple instances of advice, our study
was concerned with both the reach of the intervention and the
attrition to the follow-up advice. For thorough, overal insight
into the impact of an intervention such as Active Plus, in
addition to the effectiveness we need insight into the selective
reach and attrition of the intervention in the different delivery
modes [26].

Based on epidemiological evidence and previous studies, we
expect that Web-based interventions will have alower reach to
the low SES and older age groups compared to print-delivered
interventions [7,27-29]. It is not clear whether participation in
Web-based interventions will be gender dependent in an older
population. Earlier studies of tailored PA advice distributed to
adults via the Internet showed that more women than men
participated in Web-based interventions [12,30]. However,
epidemiological evidence suggeststhat Internet accessratesare
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higher among men in an older population [7,8]. The differing
results from these studies may be dueto differencesin age, and
more research will be needed to clarify the gender-dependent
participation rates. This study provides insight into the
differences in user characteristics related to the reach and
attrition of a Web-based intervention compared to a
print-delivered intervention among peopl e over 50 years of age.
Especially in older populations, Web-based tailored
interventions might be more desirable and have advantages over
printed tailored interventions. To our knowledge, no previous
studies have investigated which user characteristics are related
to the participation and attrition of a tailored intervention for
an older population in different delivery modes. Differencesin
the usage and dropout rates between two delivery modes of an
intervention can be a metric for the usability of a system and
might be useful in determining the best distribution strategy
[26]. Identifying which user characteristics are related to both
the reach and attrition of an intervention can guide the
appropriate selection of the delivery mode to atarget subgroup,
thereby increasing the public impact of future interventions.

Figure 1. Timeline of the study.

Peclset d

Methods

Study Design

This study is part of arandomized controlled trial (RCT). For
the assessment of the effectiveness of theintervention, acontrol
group (which received no advice) was included in this study.
Since the scope of this paper includes the reach and attrition of
the intervention (which is compared between the Web-based
and the print-delivered intervention group), the control group
was excluded from this analysis.

Participants of both the print-delivered and Web-based
intervention received tailored advice on 3 occasions, based on
2 questionnaires (written or Web-based) that they completed.
Participants completed the first questionnaire at the start of the
intervention (as input for the first and second sets of tailored
advice) and a second questionnaire after 3 months (as input
database for the third tailored advice). Figure 1 gives an
overview of the timeline for this intervention. For analytical
purposes, additional assessmentstook place at 6 and 12 months
after the baseline, including a process evaluation (at the 6-month
guestionnaire) to assess how many individuas followed the
advice. The 6- and 12-month questionnaires are not considered
part of the intervention.

Tailored
advice
1

delivered
intervention

Print-

Tailored
advice
2

Questionnaire
1

Tailored
advice
1

Web-based
intervention

Baseline 2weeks 2 months

Tailored I ntervention

The Active Plus interventions are designed to stimulate or
maintain PA among people over 50 years of age. These
computer-tailored, theory- and evidence-based interventions
were systematically developed using the intervention mapping
protocol [20,22]. Originaly, 2 print-delivered Active Plus
interventions were developed and tested for effectiveness. The
first was a basic computer-tailored intervention (tailored to
personal and psychosocial characteristics). The second wasthe
same intervention extended with additional environmental
components that focused on giving tailored advice on local
optionsand initiativesfor being physically active. The additional
environmental components intended to positively change
peoples’ perceptions of the possibilities to be physicaly active
intheir own locale [21]. Both interventions aimed to influence
awareness, initiation, and maintenance of PA by targeting
premotivational constructs (ie, awareness and knowledge),
motivational constructs (ie, attitude, self-efficacy, social
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Tailored
advice
3
Questionnaire Questionnaire Questionnaire
2 3 4
Tailored
advice
5

3 months

6 months 12 months

influence, intrinsic motivation, and intention), and
post-motivational constructs (ie, commitment, strategic planning,
self-regulation skills, action planning, and coping planning)
[20]. Previous studies showed that both print-delivered
interventions were effective in stimulating PA among people
over 50 years of age [23,24].

In 2010, both of the print-delivered interventions described
above were adapted and trandlated into a\Web-based intervention
[22] using the RE-AIM framework. The content of the
Web-based intervention was identical to that of the
print-delivered interventions, but the display output of the
interactive componentsin the Web-based version was different
(eg, static modelling pictures were transferred into videos, a
print-delivered map was transferred into Google Maps, and
several hyperlinks were added).

Based on their answers given in the assessments [20,22],
participants received tail ored advice on 3 occasions (Figure 1):
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(2) within 2 weeks after the baseline assessment, (2) 2 months
after the baseline assessment, and (3) within 4 months after the
baseline assessment (based on the second assessment). The
Web-based intervention participants received an email with a
link that connected them with their online tailored advice.
Additionally, they received an email with acopy of the personal
advice in the same format as the print-delivered version. The
tailored advice contained between 5 and 11 pages of text and
illustrations, depending on changes in PA behavior and
determinant scores. A more detailed description of the
intervention content can be found elsewhere [20,22].

Participants and Procedure

Intervention participants (adults over 50 years of age) were
recruited viadirect mailing in communities of the participating
Municipal Health Council (MHC) regions (N=5; excluding
control group participants). To prevent participants from the
different intervention conditions contaminating each other, the
intervention conditionswerelocated in separate but comparable
MHC regions. The regions were randomly assigned to one of
the different intervention conditions (ie, Web-based basic,
Web-based environment, printed basic, or printed environment).
All participants were assigned to one of the intervention
conditions based on their region and could not make a choice
in the delivery mode of the intervention. This design offers
optimal insight into the consequencesfor response and attrition
when using only 1 of the 2 modes for intervention delivery.

For each intervention condition, we selected 14 (matched)
neighborhoods: 6 |ess urban neighborhoods (500-1000 addresses

per km?) and 8 modestly urban neighborhoods (1000-1500

addresses per km?, Figure 2). We matched the neighborhoods
based on their urban character, percentage of people with alow
SES, percentage of people with a high SES, percentage of
immigrants (also to ensure that we reached mostly
Dutch-speaking people), and the percentage of people over 50
years of age. This information was provided by the Dutch
Central Bureau for Statistics. Each MHC provided a random
sample of eligible participants living in the selected matched
neighbourhoods after stratification for age. Therefore, the
distribution of differences in age and SES among the invited
adults was expected to be equal between the intervention
conditions.

In the regions of the print-delivered intervention, a sample of
eligible participants (n=4648) received an invitation for the
print-delivered intervention. This invitation included an
information letter, a questionnaire, a prepaid return envelope,
and a form to give informed consent. Because we expected a
lower response in the Web-based intervention conditions, we
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included a larger sample of eligible participants (n=7168) in
the regions of the Web-based intervention. Eligible participants
received an invitation via written mail, containing a similar
information | etter about the project, additional information about
how to complete an online questionnaire, and a personal
username and password to log on to the Active Plus website.
People who did not receive an invitation could not participate
in this program. A power calculation (effect size=0.4,
power=80%, intracluster correlation coefficient =.1) showed
that at baseline about 420 participants were needed for each
intervention condition (considering adropout rate of 40% during
the 1-year follow-up based on a previous Active Plus study)
[22].

Within both the Web-based and print-delivered intervention
groups, participants received the basic tailored intervention or
the basic intervention with additional environmentally tailored
information, depending on their MHC region. Since the aim of
this study was only to investigate how the delivery channel
(printed or Web-based) and user characteristics are related to
dropout and attrition, and not to determine how the content of
the message (eg, providing additiona environmental
information) influences attrition, both of the print-delivered and
both of the Web-based intervention groups were considered
together. Dropout analyses were corrected for the possible
influence of the intervention type.

Participants were enrolled when they completed the baseline
guestionnaire. For the second assessment, participants of the
print-delivered intervention group received an invitation by
written mail, which included the follow-up questionnaire and
a prepaid return envelope. Participants of the Web-based
intervention group received invitations for the follow-up
assessment by email, which included a link to the Web-based
guestionnaire. All participants were asked to complete the
guestionnaire within 2 weeks. Participants of the print-delivered
intervention group who did not complete the questionnaire
received a reminder by mail after 2 weeks. Since the response
was lower in the Web-based intervention group than in the
print-delivered intervention group and sending reminders
electronically does not result in additional postage costs, for the
follow-up assessment the Web-based intervention group
received multiple reminders (9 days and 18 days after the
invitation). Sinceit was not guaranteed that our target population
received the online reminders (eg, redirected to spam folders),
thisgroup also received an additional reminder by written mail.

This study is approved by the Medical Ethics Committee of
Atrium-Orbis-Zuyd (code 10-N-36) and was registered in the
Dutch Trial Register NTR 2297.
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Figure 2. Flowchart showing selection of participants for the print-delivered and Web-based intervention groups.

M easurements

The basdine questionnaire included questions about
demographics, PA behavior, and sociocognitive determinants
of PA behavior. Demographic variables included age, gender,
height, weight, and highest education level completed. Education
level was categorized into low (primary, basic vocational, or
lower general school) and high (higher general secondary
education, preparatory academic education, medium vocational
school, higher vocational schoal, or university level), according
to the Dutch education system. Body mass index (BMI) was
calculated by dividing weight in kilograms by height in metres
squared [23]. Participants were classified as being underweight
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(BMI < 18.5 kg/m?), a healthy weight (BMI 18.5-24.9 kg/m?),
or overweight (BMI > 25 kg/m?).

Total weekly days and minutes of PA were measured using the
vaidated sdlf-administered Dutch Short Questionnaireto Assess
Health Enhancing Physical Activity (SQUASH) [31]. This
guestionnaire allows the calculation of the total minutes of
moderate- and vigorous-intensity activity per week. It also helps
classify participants according to theinternational guidelinefor
sufficient PA (PA guideline), which is being physically active
with moderate to vigorous intensity for at least 30 minutes per
day at least 5 days per week [32,33]. The participants’ intention
to be sufficiently physically active (according to the international
PA guideline) was assessed using three items on a 10-point
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scale (eg, “To what degree do you intend to be sufficiently
physically active?’ 1 = Absolutely not, to 10 = Absolutely).

For process eval uation purposes, we asked participants whether
they had actually read the advice (* Yes” or “No”) in the second
guestionnaire (after 3 months, following the first and second
setsof tailored advice) and again in the third questionnaire (after
6 months, following the third provision of tailored advice).

Statistical Analysis

Response and Baseline Characteristics of the Study
Population

We analyzed data for participants who completed the baseline
guestionnaire. We performed descriptive statistics on age,
gender, education level, BMI, baseline PA, and intention to be
sufficiently physically active to describe the characteristics of
the participants. We used univariate one-way analyses of
variance (ANOVA) and chi-sguare tests to determine whether
the participants in the print-delivered and Web-based
interventions differed on baseline characteristics. Furthermore,
we used a chi-square test to find out whether the intervention
types (ie, the basic tailored intervention or the tailored
intervention with additional environmental information) were
equally distributed to the print-delivered and Web-based
intervention groups. There was no need to correct baseline data
for the intervention type because the content of the baseline
guestionnaire was similar for all intervention groups.

Dropout Analysis

We performed hierarchical logistic regression analyses to
determine whether participants' characteristics were predictors
of dropout a the 3-month questionnaire, correcting for
intervention type (ie, basic or environmental intervention). We
added the user characteristics (ie, age, gender, SES, BMI,
intention, and PA behavior) to the second block of the regression
analysis. To study whether the delivery mode of theintervention
was related to participant dropout, we added the intervention
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delivery modeto the third block of the regression analysis. The
influence of the delivery mode on participant dropout was thus
corrected for by user characteristics. The fourth block of the
regression analysis contained the interaction terms between the
delivery mode and the user characteristics, to determine whether
participant dropout was related to certain user characteristics
in a specific delivery mode. Because the interaction terms have
less power, the significance levels the interaction terms are
defined at P=.10 [34]. When a significant interaction term was
found, we performed subgroup analyses separately for the
print-delivered and Web-based groups. All analyses were
performed using SPSS version 18.0.

Results

Response and Baseline Char acteristics of the Study
Population

A total of 874 adults participated in the print-delivered
intervention (responserate of 18.8%) and 855 adults participated
in the Web-based intervention (response rate of 11.9%, Figure
3). Baseline characteristics for both intervention groups are
shown in Table 1. We found significant differences between
the intervention groups with respect to several characteristics.
The sample for the Web-based intervention consisted of more
men than the sample for the printed intervention (P=.01).
Participants in the Web-based intervention were significantly
younger (P<.001) and had a significantly higher BMI (P=.001)
than the participants of the print-delivered intervention. We
found no significant differences between low and high education
level among the participants. Regarding PA behavior, the total
minutes of moderate to vigorous PA did not differ significantly
between the groups. The print-delivered intervention group had
a significantly higher intention to be sufficiently physically
active (P=.03). Participants of the print-delivered and Web-based
intervention groups were equally distributed with respect to the
basic and the environmental intervention types.
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Table 1. Sociodemographic and behavioral baseline characteristics for the print-delivered and Web-based intervention groups.

Print-delivered tailored Web-based tailored ad- P value

advice(n=874) vice(n=855)
Demographics
Gender (%) .01
Male 457 51.7
Female 54.3 48.3
Mean age in years (SD) 63.5 (9.06) 61.3(7.32) <.001
Weight category (%) .001
Underweight 19 0.4
Healthy weight 475 42.6
Overweight 50.6 57.0
Education (%) 51
Low 45.4 47.0
High 54.6 53.0
PA
Moderate- and vigorous-intensity PA, mean minimum/week  755.83 (786.92) 741.74 (840.65) 72
(SD)
Intention to be sufficiently physically active, mean®(SD) 7.73(1.63) 7.56 (1.58) 03
Intervention type (%) .81
Basic intervention 50.1 49.5
Environmental intervention 49.9 50.5
3 ikert scale, from 1 (“absolutely not”) to 10 (“absolutely”)
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Figure 3. Flow diagram showing the reach, attrition, and usage of the print-delivered and Web-based Active Plusinterventions.

Dropout Analysis

Of the Web-based intervention group, 402 respondents (402/855,
47.0% of baseline participants) completed the second
guestionnaire and received their third piece of tailored advice.
In the print-delivered intervention group, 534 respondents
(534/874, 61.1% of baseline participants) completed the second
guestionnaire. Figure 3 shows an overview of the response and
attrition during this study. The figure also provides an insight
into the number of participants who, in addition to filling in the
second questionnaire, reported that they actually read thetailored
advice (based on process evaluation data retrieved from the
second and third questionnaires). The percentage of participants
who reported to have read the adviceis expressed as the number
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XSL-FO

RenderX

of people who reported to have read the advice, divided by the
number of peoplewho filled in the program eval uation question.
The number of participants who reported that they read their
advice was substantially smaller in the Web-based intervention
than in the print-delivered intervention (P<.001).

At the 3-month measurement, significant differences in user
characteristics between both intervention groups remained the
same asthe baseline measurement. Table 2 providesan overview
of the predictors of participant dropout within the intervention
period (ie, filling in the 3-month questionnaire). The explained
variance (Nagelkerke R?) of the different models is also
presented in this table. The participants intention to be
physicaly active and the delivery mode of the intervention were
both significant predictors of participant dropout. A higher
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intention was positively related to the completion of the
intervention (P<.001), and participants of the Web-based
intervention were more likely to drop out (P<.001). No other
demographic characteristics (ie, baseline PA, age, SES, gender,
BMI, and intervention type) were predictors of participant
dropout. We found a significant interaction between age and
the delivery mode (Exp(B)=1.026, SE=0.013, P=.05). No other
significant interaction terms were found between the delivery

Peclset d

mode of the intervention and the participants characteristics.
Subgroup analyses showed that in the print-delivered
intervention group, age was not a significant predictor of
participant dropout (Exp(B)=0.993, SE=0.009, P=.45). Analyses
for the Web-based intervention group showed that a higher age
might be an indicator for completion of the intervention
(Exp(B)=1.019, SE=0.010, P=.05).

Table 2. Hierarchical logistic regression to study the relation between user characteristics, the intervention delivery mode and its interactions, in the

prediction of attrition within the intervention period.?

Step 1 (R%=.001) Step 2 (R2=0.024) Step 3 (R?=0.051) Step 4 (R%=0.058)
ExgB) SE P ExfB) SE P Ex@B) SE P ExpB) SE P
First block
Type” 0876 0099 .18 088l 0100 .21 0884 0101 .22
Second block
Baseline PA 1000 0000 .45 1000 0.000 .45
Intention 1171 0033 000 1159 0.033 .000
Age 1010 0006 .12 1005 0006 .48
SESE 0956 0104 .66 0934 0105 51
Gender® 1044 0104 68 1007 0105 .95
BMI 0904 0100 .31 0928 0101 .46
Third block
0550 0102 .000

Delivery mode®
Fourth block
Delivery x PA
Delivery x Intention
Delivery x Age
Delivery x SES
Delivery x Gender
Delivery x BMI

1.000 .000 .50
951 .067 45
1.026 .013 .05
985 212 .94
855 211 .46
1304 .203 .19

Fparticipants scoring 1 are more likely to complete the intervention, whereas scores of 0 indicate that participants are more likely to dropout

bhasic coded 0, environmental coded 1
Clow SES coded 0, high SES coded 1
9men coded 0, women coded 1
€printed coded 0, Web-based coded 1

Discussion

Response

The present study aimed to assess differences in user
characteristics related to participation and attrition when
comparing a print-delivered intervention and Web-based
intervention to stimulate PA among people over 50 years of
age. Our study showed that, in this population, the responserate
to the print-delivered PA intervention (n=874/4648, 18.8%)
was higher than the response rate to the Web-based intervention
(n=855/7168, 11.9%). This finding indicates that using a
computer might still be abarrier to participation. The difference
in response rate may be due to a lack of motivation or limited
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skills in using the Internet among the target population. This
differenceis also acknowledged by Venkatesh’s unified theory
of acceptance and use of technology (UTAUT). According to
this theory, performance and effort expectancy explain alarge
proportion of the variance in the intention to use a new
technology [35]. This may imply that older adults’ skills and
self-efficacy in computer usage need to beincreased to stimulate
the adoption of Web-based interventions. Future researchers
should study these barriersfurther, and may need to incorporate
additional information or computer training in their recruitment
or intervention to increase the computer skills and self-efficacy
of older adults. However, differences in self-efficacy and
computer skillsamong generations might decreaserapidly, since
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the adults of the current generation have more developed
computer skills and are the elderly of the future.

Response rates in Web-based interventions reported in the
literature vary substantially between studies. Differences can
be caused either by the methodology of the study or by the
characteristics of the population. Researchers have conducted
several Web-based interventions in populations with known
access to the Internet, which resulted in higher response rates
than studies in populations without known access [15].
Discovering alower response rate to a Web-based intervention
compared to aprint-delivered intervention isin agreement with
thefindings of astudy by Kongved et al [15] that was conducted
in apopulation without known Internet access. The study further
showed that after a reminder, when the participants were free
to choose between delivery modes, the total response rate was
similar in the 2 groups. Similarly, a study by Ekman et al [36]
showed that response rates were highest when 2 response
methods (ie, print-delivered and Web-based) were offered. In
our study, participants of the Active Plusintervention could not
choose between delivery modes because different intervention
conditions were located in different regions, which prevented
participants contaminating each other’s responses. Offering
both delivery modes to the participants might have resulted in
higher response rates, but would not have provided insight into
the actual use of different single-delivery modes.

Another reason for the low response rate could be the length of
our questionnaire. A review [37] to identify effective strategies
to increase the response to postal and electronic questionnaires
showed that the odds of response increased by more than half
when participants received shorter questionnaires. The response
rate improved with shorter print-delivered questionnaires (odds
ratio (OR) 1.64) as well as in studies using electronic
guestionnaires (OR 1.73), compared to participants given longer
guestionnaires. Due to research requirements, filling in the
Active Plus questionnaires took quite some time (the baseline
guestionnaire is about 24 pages). In areal-life setting, when no
additional questions for research purposes are required, the
length of the questionnaires can be shortened, which might
result in a higher response rate and limit the dropout rates of
theintervention.

We found significant differences between the print-delivered
and Web-based intervention groups with respect to several
characteristics. The sample for the Web-based intervention was
significantly younger and consisted of more men. Both findings
can be supported by epidemiological evidence that shows that
Internet accessis till lower in the over 65 age group, and that
men use the Internet more frequently and intensively than
women [7,8].

Furthermore, participants of the Web-based intervention had a
significantly higher BMI and alower intention to be sufficiently
physically active. This might indicate that adults over 50 years
of age who have a low intention to be sufficiently physically
active might best be reached using a Web-based intervention.
Together with the finding that the majority (480/842, 57.0%)
of the Web-based intervention group had an unhealthy BMI,
Web-based interventions might be the preferred medium to
reach this high-risk population. These differences in user
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characteristics between print-delivered and Web-based
intervention groups should also be taken into consideration
when determining the possible effects of the intervention in
different delivery modes. However, differences in participant
dropout rate between both delivery modes should also be
acknowledged.

In contrast to our expectations, no differences were found in
education level between the Web-based and print-delivered
intervention groups. Thisisin contrast to several other studies
that show that Web-based interventions have a higher reach
among high SES populations [38,39]. Possibly, education level
is less important to Internet usage in an older population than
inthe general population. Thisfinding can be explained further
by thefact that one of the highest shares of home Internet access
in Europe was recorded in the Netherlands (94% in 2011) [8],
where differences in Internet access between SES groups has
declined rapidly. As epidemiological data shows, in 2010, at
the moment of implementing the Active Plusinterventions, 87%
of the low SES group and 98% of the high SES group in the
general population had Internet access[7]. In 2011, thelow SES
group further increased their Internet access to 90% [7].

Dropout

Since the Active Plusintervention contains multiple provisions
of advice, it isimportant that people continuetheir participation
intheintervention. Our results show that only 61.1% (534/874)
of the print-delivered intervention group and only 47.0%
(402/855) of the Web-based intervention group filled in the
second questionnaire and were thus eligible to receive the third
follow-up tailored advice. Furthermore, the number of
participants who reported reading their advice was substantially
smaller in the Web-based intervention than in the print-delivered
intervention. Participant dropout within the intervention period
wastherefore significantly higher in the Web-based intervention
group than in the print-delivered intervention group. The
difference in participant dropout rate between the intervention
conditions was not explained by user characteristics. We found
a significant interaction between the delivery mode and the
participants' age in the prediction of participant dropout.
Subgroup anal yses showed that whereas age was not a predictor
of participant dropout in the print-delivered group, there was
an indication (amost significant predicator (P=.05)) that
younger participants were more likely to drop out from the
Web-based intervention. The finding that older adults are more
likely torevisit the websiteisin line with other studies[12,40].

In both delivery modes, alow intention to be physically active
was a significant predictor of participant dropout. It is
self-evident that people with a lower intention to remain
physically active are less likely to continue their participation.
Since we also found that low intention participants more often
participate in Web-based interventions, thiswould consequently
lead to a higher dropout rate for Web-based interventions.
Hence, additional strategies are needed to motivate adults with
a low intention to continue their participation in
health-promoating interventions. If these participants are less
motivated by their health intention, this group needs additional
motivators to continue. For example, motivation could be
improved by making theintervention more exciting by including
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gaming elements or by focusing on other aspects besides hedlth,
such as news elements, sports games, or social activities.

Since participant dropout was significantly higher in the
Web-based intervention and no significant factor was found for
user characteristics explaining the differences in dropout rate
between the delivery modes, the higher dropout in Web-based
interventions must be related to other characteristics. A possible
explanation is that it might require more planning to fill in a
Web-based questionnaire than a print-delivered questionnaire.
A print-delivered questionnaire can be filled in anywhere at
anytime, while filling in an online questionnaire restricts one
to acomputer. Furthermore, in aprinted questionnaire, thetime
required to fill in the questionnaire is more visible (you see the
total packagein oneoverview), and it iseasier to continuefilling
in aprinted questionnaire after pausing, rather than continuing
aWeb-based questionnaire, dueto loading times and additional
log-ins.

Strengths and Limitations

Although this study providesinteresting data, some limitations
should be noted. First of all, no information was available on
those who did not respond to the intervention. We could have
performed more predictive analyses if information about the
nonparticipants was available to provide insight into the
sel ection process. Second, parti cipants could not choose between
the different modes of delivery. They could only choose whether
they would like to participate in the intervention with the
particular delivery mode that was offered. Giving participants
the option to choose between the delivery modes could provide
additional insights into the reasons why people participatein a
certain intervention. However, not allowing participants to
choose between the delivery modes is also a strength—it gave
us the opportunity to study the resultant absolute participation
and attrition rates for a given delivery mode. In a red-life
setting, an intervention is usually offered in only 1 delivery
mode because offering both delivery modes resultsin additional
planning and administration. The current design offers optimal
insight into the consequences of using 1 of the 2 delivery modes.

Another limitation of this study is that the program evaluation
(to assess whether the participants had read the advice) took
place several months after the participantsreceived their tailored
advice. As aresult, some recall bias might have occurred. For
future evaluation studies, we recommend sending a short
program evaluation questionnaire after each tailored advice to
limit recall bias, or to include multiple questions to validate
their report.
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To our knowledge, this is the only study that compares the
characteristics of usersrelated to the use and participant dropout
rate of a Web-based intervention and a print-delivered
intervention with similar content in an older population. Since
older adults are one of the fastest growing online user groups
and tend to have the most interest in and need for health advice
compared to other age groups [9,10], it is important to gain
more insight into this population’s user characteristics.
Furthermore, we conducted our study on a large and diverse
target population in which both low and high SES subgroups
were represented. By stratifying invitees by age and SES at a
neighborhood level, we could compare the response rates of the
print-delivered and Web-based intervention conditions.

Conclusion

The results of our study suggest that the response to a
Web-based intervention is significantly lower than a
print-delivered intervention among Dutch people over 50 years
of age, and participants with different characteristics were
attracted by different delivery modes. Participants with a low
intention to be physically active and a high BMI were more
attracted by the Web-based intervention, indicating that
Web-based interventions might be agood medium to reach this
high-risk population.

Although participant dropout was significantly higher in the
Web-based intervention, no significant factors were found for
user characteristics explaining the differences in participant
dropout between the delivery modes. This indicates that the
higher dropout rate in Web-based interventions is potentially
relevant for all demographic groupsand related to characteristics
not measured in this study.

Our study has provided important new insights into the
differences in user characteristics of participants in a
print-delivered or Web-based intervention in an older
population. These findings are important when selecting the
delivery mode of an intervention that aimsto optimize exposure
to a certain subgroup and when interpreting and generalizing
results of randomized controlled effectiveness trials. Since
Internet use is growing rapidly in older populations, more
research is needed to explore the prolonged use, appreciation,
and effectiveness of Web-based interventions compared to
print-delivered interventions in this population. The low cost
of Web-based interventions can provide an opportunity to reach
more of the population, if the effectiveness of the intervention
method can beimproved. Furthermore, more research is needed
to investigate strategies that limit the high dropout rates in
Web-based interventions (especially among participants with
alow PA intention) and to ensure asustained intervention effect.
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Abstract

Background: Regular physical activity has established physical and mental health benefits; however, merely one quarter of the
U.S. adult population meets national physical activity recommendations. In an effort to engage individuals who do not meet these
guidelines, researchers have utilized popular emerging technologies, including mobile devices (ie, personal digital assistants
[PDASs], mobile phones). This study isthefirst to synthesize current research focused on the use of mobile devicesfor increasing
physical activity.

Objective: To conduct a meta-analysis of research utilizing mobile devices to influence physical activity behavior. The aims
of this review were to: (1) examine the efficacy of mobile devices in the physical activity setting, (2) explore and discuss
implementation of device features across studies, and (3) make recommendations for future intervention development.

Methods: We searched electronic databases (PubMed, PsychINFO, SCOPUS) and identified publications through reference
lists and requeststo expertsin the field of mobile health. Studies were included that provided original dataand aimed to influence
physical activity through dissemination or collection of intervention materials with a mobile device. Data were extracted to
calculate effect sizesfor individual studies, as were study descriptives. A random effects meta-analysis was conducted using the
Comprehensive Meta-Analysis software suite. Study quality was assessed using the quality of execution portion of the Guideto
Community Preventative Services data extraction form.

Results: Four studies were of “good” quality and seven of “fair” quality. In total, 1351 individuals participated in 11 unique
studies from which 18 effects were extracted and synthesized, yielding an overall weight mean effect size of g = 0.54 (95% ClI
=0.17t0 0.91, P = .01).

Conclusions: Research utilizing mobile devicesis gaining in popularity, and this study suggests that this platform is an effective
means for influencing physical activity behavior. Our focus must be on the best possible use of these tools to measure and
understand behavior. Therefore, theoretically grounded behavior change interventions that recognize and act on the potential of
smartphone technology could provide investigators with an effective tool for increasing physical activity.

(J Med Internet Res 2012;14(6):€161) doi:10.2196/jmir.2171

KEYWORDS
Behavior change, exercise, meta-analysis, mobile phone, physical activity, review

[1-4]. Unfortunately, participation rates have remained dismally
low in spite of significant scientific endeavors to enhance
Itiswell documented that regular physical activity isassociated parti cipation, reduce att_riti on, and increase maintenance of this
with reduced morbidity and mortality atributable to such IMPortant health behavior. In 2007, less than half of all adults
diseases as cardiovascular disease, diabetes, and some cancers N the United States achieved recommended levels of physical
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activity [5]. Furthermore, past research suggests that among
those beginning a new exercise program, 50% will drop out
within six months [6]. The advent of new and ubiquitous
technologies offers a potential solution to increasing the
effectiveness of and adherenceto physical activity interventions.
One such technology isthe mobile telephone, which has shown
promise as a delivery mechanism for health behavior
interventions. These devices have become a more pervasive
part of society with usage rates increasing exponentially. For
example, in the United States some 83% of adults own maobile
phones, while in younger populations (ie, 18-24 year olds) as
many as 95% own mobile phones[7]. In the United States[8],
Australia[9], and Western Europe[10], activated maobile phones
outnumber citizens.

Declining cost and enhanced versatility in features are likely
contributors to the rapid increase in mobile phone usage, and
short message service (SMS, ie, text-messaging) has become
an almost universal way to engage in brief conversations and
convey short messages. In the United States, 73% of all adult
cell phone users send daily text messages, at an average rate of
39.1 per day. Among younger Americans, a staggering 97% of
mobile phone users send text messages at an average rate of
87.7 messages per day [7]. Intotal, nearly 2.1 trillion messages
were sent in 2010 [8]. In the late 2000s, the growth of feature
phones (ie, devices capable of basic voice and multimedia
functions) was supplanted by surging growth in the smartphone
market. Thesedevicesoriginally combined the computing power
of handheld computers with mobile communication features
serving primarily adult professionals. Asof May 2011, 35% of
all mobile consumersin the U.S. owned smartphones, and rates
were higher in ethnic minorities[7]. Smartphones are equipped
with advanced technological featuresthat distinguish them from
the feature phone. Typically they are capable of sending and
receiving information via the Internet, connecting to local
wireless networks and Bluetooth devices, utilizing global
positioning system (GPS) data and allowing users to download
countless mobile applications straight to their device from just
about any location.

Behavioral scientists have begun to realize the potential of
mobile devices to understand multiple health behaviors, and
meta-analyses have supported the efficacy of mobile technology
for influencing behaviors including diabetes management [11]
and smoking cessation [12]. It is clear that some of the unique
qualities of these devices would be attractive features for
physical activity interventions allowing scientists to: collect
objective and self-report measures of activity in rea time;
provide feedback and support at the point of decision; provide
interactive, immersive, and individualized content that is
automatically generated; and deliver materials on a device that
is aready carried by the individual [13]. A number of reviews
exist examining the use of technologies that offer similar
benefits to mobile devices and their effects on health behaviors.
For example, Goode et a [14] reviewed telephone-based
interventions for influencing physical activity and dietary
behaviors. Multiple researchers have examined aspects of
Internet-delivered interventions[15,16]. Others have examined
the use of mobile technology to aid in disease prevention and
management [17], as well as the influence of SM S technology
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on various health behaviors (eg, smoking cessation, diabetes
self-management, asthma self-management; [18]). To date,
however, no meta-analysis has been conducted that examines
the efficacy of mobile devices for changing physical activity
behavior. Given the increase in research applications of such
devices, we believe that a comprehensive analysis of the
influence of mobile devices on physical activity behavior would
afford future researchers a foundation for guiding subsequent
interventions. Herein, we present a metaanaysis of
interventions that have utilized mobile devices (ie, PDA or
mobile telephones) to influence physical activity behavior.

Methods

Search Strategy

An extensive search of online electronic databases (PsychINFO,
PubMed, Scopus) was conducted between August 15, 2011,
and July 3, 2012, in which we sought articles published since
the year 2000. The following search string was utilized across
the three databases: ((mobile phone) OR (cell phone) OR PDA
OR SMS OR (text message)) AND ((physical activity) OR
EXercise).

Inclusion and Exclusion Criteria

For inclusion in this analysis, studies were required to be
published or in press, in the English language, and to incorporate
mobile technologies in the collection or dissemination of
intervention materials meant to positively influence physical
activity behavior. This included data collection or conveyance
of intervention information viaSM S, aswell asimplementation
of native mobile device software or hardware. Studies were
required to include a comparison group and to provide original
datasufficient for calculating Cohen’sd effect sizes (ie, baseline
and follow-up means and baseline standard deviation). These
criteriaareintentionally broad, asrelatively few relevant studies
have been published.

Articles that described proof-of-concept trials, conference
proceedings, or review articleswere excluded from thisanalysis.
Outcomes from studies that were not explicitly related to
physical activity were also excluded, as were studies in which
participantsinteracted with the mobile component lessthan one
time per week.

Review Procedure

Study selection was conducted in four phases (see Figure 1).
During the initial stage, all citations from each database query
were imported into a central citation manager (EndNote X5
[19]), which facilitated removal of duplicates. Next, the first
two authors searched titles for publications that referenced
physical activity and a mobile device, removing those that
definitively did not match inclusionary criteria. Inthefollowing
stage, both reviewers examined abstracts of the remaining
articles, further screening out articlesthat did not meet criteria.
During thefinal stage, full-text citations were reviewed to make
sure that al criteria were met, and study descriptives were
extracted and tabulated. When study length was reported in
months rather than weeks, a four-week month was assumed.
Following this review, search results were compared between
the two authors, with the third author acting as arbiter to any
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inconsistencies. When physical activity outcomeswere reported
but were not sufficient to calculate effect sizes, study authors
were contacted to determine means and standard deviations at
all time-points (n = 7). In the event that thisinformation could
not be obtained, the effect was excluded from analysis (n = 3

Figure 1. Flow diagram of study selection.
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[20-22]). Reference lists of included articles and relevant
reviewswere searched for additional articles, and direct requests
were made to expertsin the area of mobile health for additional
studiesin review or in press.

(n= 1606)

Titles Screened
(n=1497)

Abstracts Screened
(n=71)

Full-Text Articles Screened
(n=24)

Studies included in
guantitative synthesis
(meta-analysis)
(n=11)

Study Quality Assessment

In order to assess quality at the study level, the quality of
execution portion of the Guide to Community Preventative
Servicesdataextraction form was used [23]. Thisform addresses
six categories of threats to study validity (ie, population and
study description, sampling, measurement, data analysis,
interpretation, and other limitations). There are nine possible
limitations across these six categories. Studies with 0-1
limitations are deemed to be of “good” quality, those with 2-4
limitations are of “fair” quality, and those with more than four
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Total records identified using search string

Duplicates Removed
(n =109)

Removed Base on Title
(n=14286)

Excluded (n = 47)

No PA intervention/outcome (31)
Conference Proceedings (5)
Methods (5)

No Mobile Component (2)
Duplicate Study (1)

Proof of Concept (1)
Qualitative Study (1)
Review Paper (1)

Excluded (n = 13)
No PA intervention/outcome (2)
Insufficient Information to Calculate
Effect (2)

Methods (5)

No Mobile Component (2)
Duplicate Study (1)
Insufficient Dose (1)

limitations are deemed to be of “poor” quality. This assessment
is meant for descriptive purposes only, and as such no studies
were excluded due to their quality rating.

Synthesis of Results

For each study we computed standardized mean differences
(Cohen'sd) by subtracting the mean changein the control group
from the mean change in the treatment group. Pre- and
post-intervention means were used to cal culate mean changein
order to remain consistent across al studies. This was divided
by the pool ed baseline standard deviation [24]. Baseline sample
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size was utilized in calculating pooled standard deviation. For
multiple group versus control comparisons, pooled means and
standard deviations were calculated in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions
[25].

After obtaining standardized mean differences, we conducted
a random-effects meta-analysis, using the Comprehensive
MetaAnalysis [26] software suite. Random-effects
meta-analyses account for heterogeneity of included measures,
if they are indeed related (ie, they measure physical activity
[27]). From the software, we obtained Hedge's g for the overall
effect, which is less biased for small sample sizes, as well as
for the duration of moderate to vigorous physical activity
duration (MVPA duration) and steps, as these were the only
outcome measures reported across multiple studies. Finally, we
calculated the effect for studies that utilized mobile phones as
well as those that distributed materials on PDA devices. We
also obtained a heterogeneity statistic (Q) for each of these
effects, which we used to calculate I2. This alows one to
examine the percentage of observed variance that is real, with

low percentages indicating that most variance is spurious
(pp.117-119) [28].

Results

Study Selection

Our initial searchyielded 1606 publications, of which 109 were
removed as duplicates. From the remaining 1497 titles, 1426
were removed based on title. Subsequently, 47 of 71 remaining
publications were removed after abstracts were screened, and
an additional 13 were removed upon review of the full text
article. Reasons for removal are detailed in Figure 1. We
contacted 7 authorsin order to obtain data sufficient to calculate
effect sizes. Of these, 2 could not be reached, therefore those
publications were removed.

Study Quality

Four studies were classified to be of “good” quality [29-32],
and seven studieswere classified to be of “fair” quality [33-39].

http://www.jmir.org/2012/6/e161/
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The most frequently violated items from the data extraction
form were: “Was the population that served as the unit of
analysis the entire eligible population or a probability sample
at the point of observation?’ [33,34,36-38], “Was there an
attempt to measure exposureto theintervention?’ [32,33,37-39],
and “Did the authors control for differential exposure to the
intervention?’ [30,31,34,37,38].

Intervention Characteristics

Eleven unique studieswereincludedinthisanalysis (n = 1351).
Of these, eight reported use of SMS[31-35,37-39], four reported
use of native mobile software [29,30,36,37], and two reported
use of a personal digital assistant (PDA) rather than a mobile
phone[29,30]. Severa studieswere classified in more than one
category (eg, mobile phone & SMS). Five studies reported
duration of moderate to vigorous physical activity (MVPA
duration) [30,31,34,35,39], three reported pedometer step counts
[33,36,37], one reported frequency of MVPA (MVPA
frequency) [34], another reported percent of active time spent
in MVPA (% MVPA) [37], one study reported accelerometer
counts per minute [31], two reported metabolic equivalents
(METS) [29,32], and one reported number of days per week of
walking for exercise as well as number of days exercising per
week [38]. Intervention duration ranged from 2 to 52 weeks and
averaged 14.6 weeks. Sample sizes ranged from 17 to 357
participants (M = 121.1 participants), and mean participant ages
ranged from 8.7 to 68 years. Detailed characteristics of all
studies included in the meta-analysis can be found in Table 1.

Data Synthesis

From the 11 included studies, 18 effects were extracted and
synthesized. From these effects, the random-effects
meta-analysis yielded a significant moderate overall weighted
mean effect size of g = 0.54 (95% Cl = 0.17 t0 0.91, P = .005).
The heterogeneity within these studies was significant (Q =
87.79, df = 10, P < .001, I? = 88.61%), supporting the use of
random effects meta-analysis.
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Table 1. Intervention characteristics.

Fanning et al

Study authors n Mobile component Utilization Length AgeM (SD)
(weeks)

Cheung, Chow, & Parfitt (2008) 52 sMs? Relay information about PA bene- 6 INT®: 38.9 (10.8) CON% 26.5

[33] fits (19)

Conroy et a (2011) [29] 210  ppaY& PDA +feedpack Talored, automated FB ~24 47.3(8.8)

(FB)

Fjeldsoe, Miller, & Marshal 88 SMS Tailored SMS. SMSasosentto 12 30 (6)

(2010) [34] dedicated socia support individual

Hurling et a (2007) [35] 77 SMS Relay reminders & motivational 9 40.4 (7.6)
messages

King et a (2008) [30] 37 PDA PDA self-monitoring, weekly FB, 8 60.2 (7.1)
goal setting, support

Kirwan et a (2012) [36] 200  Smartphone App Self-monitoring of stepsusingthe 12 39.9 (12.3)
mobile app and/or theintervention
website

Lubenset a (2012)[31] 357 SMS Relay social support 52 13.8 (0.45)

Nguyen et a (2009) [37] 17 Native App & SMS Mobile self-monitoring with tai-  ~24 68 (11)
lored SM'S feedback

Prestwich, Perugini, & Hurling 134 SMS Relay implementationintentionor 4 234 (5.6)

(2010) [38] goal reminders

Shapiro et a (2008) [39] 40 SMS Daily self-monitoring messages 8 8.7 (2.3)
with automated, tailored feedback

Sirriyeh, Lawton, & Ward (2010) 120 SMS Relay affective messages, instru- 2 17.3(.7)

(32

mental messages, or combined
messages

83SMS: Short Message Service.
b INT: Intervention group.
€ CON: Control group.

4 PDA: Personal digital assistant.

Although there are insufficient numbers of studies to reliably
examine between outcomes differences, for illustrative purposes,
we examined MVPA duration (five studies) and pedometer
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steps (three studies) independently, as they were the most
frequently reported outcomes. Effects for each study can be
found in Table 2 and are also displayed in Figure 2.
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Table 2. Study outcomes.

Study authors Quality  Outcomes INT2M Change (Baseline SD) CONP M Change (Basdline d
SD)

Cheung, Chow, & Parfitt (2008) “Fair” Steps to work -1.5(14) 1.2(18.7) -0.18

[33] Steps at work 1.3(2.5) -1.8(2.5) 1.26
Steps off work 4 (6.6) 0.4 (8.4) 0.52

Conroy et al (2011) [29] “Good”  METS-hours (combined 631 (17.87) 7.57 (15.17) -0.08
PDAY)

Fieldsoe, Miller, & Marshal “Fair” MVPA® frequency 1.82(1.48) 0.24 (1.44) 1.09

(2010) [34]
MVPA duration 18.26 (170.46) 16.36 (170.49) 0.01

Hurling et a (2007) [35] “Fair” Accelerometer countsspent  -9.5 (52.1) -5,5(53.1) -0.08
inMVPA

King et al (2008) [30] “Good” MVPA duration 177.7 (114.5) -80 (215) 155

Kirwan et al (2012) [36] “Fair” Total days logged 22.76 (12.8) 1.26 (12.1) 1.76
Steps 159.89 (3308.36) -4360.7 (3987.2) 1.19

Lubenset a (2012) [31] “Good” Accelerometer counts/min - -90.9 (420) -43.7 (395.4) -0.12
MVPA duration -13.1(36.8) -8.3(35.1) -0.13

Nguyen et al (2009) [37] “Fair” Steps 609 (3020.76) -1017 (3021) 0.57
% MVPA 4.4 (7.64) -35(7.8) 1.09

Prestwich, Perugini, & Hurling  “Fair” Days/wk walking > 30 min 1.4 (1.19) 0.47 (1.17) 0.79

(2010) 38] Daysiwk exercising>30 185 (148) 0.94 (1.52) 0.62
min

Shapiro et a (2008) [39] “Fair” MVPA duration 34.4 (48.5) -15.1 (126.3 0.51

Sirriyeh, Lawton, & Ward (2010) “Good” MET-minutes 3145.26 (11681.71) 819.45 (11347.71) 0.20

(32

8|NT: Intervention group.

b CON: Control group.

¢ MET: Metabolic equivalents of task.

9 PDA: Personal digital assistant.

€ MVPA: Moderate to vigorous physical activity.

There was significant moderate to large effect for pedometer  for both MVPA duration (g = 0.20, 95% CI =-0.19t0 0.60, P
steps (g = 1.05, 95% ClI = 0.75 to 1.35, P < .01). When = .31) aswell asfor PDA delivered (g = .68, 95% CI = -0.88
examining intervention components specifically, thosedelivered  to 2.25, P = .39), with lacking significance in the latter likely
viamobile phoneyielded asignificant moderate effect (g =.52, duein large part to the small number of studiesand considerable
95% Cl =0.11t0.94, P =.01). Theeffectswerenon-significant  heterogeneity.
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Figure 2. Forest plot of individual effect sizes (d).

Cheung, Chow, |

Fanning et al

& Parfitt (2008)[23] f

Conroy et al. {2011} [29]

Fjeldsoe, Miller, 1

& Marshal (2010)[34]

Hurling et al. (2007][35] } * |
King et al. (2008)[30]

Kirwan et al. (201 2)[34]

Lubens et al.(2012)[31]

Mguyen et al. (2009)[37} f

Prestwich, Perugini, 1

& Hurling (2010)[38] I

Shapiro et al. (2008)[39] I

Sirriyeh, Lawton, I -
& Ward [2010}[32]

-0 08 06 04 02 00 02 04

Discussion

Previous reviews and meta-analyses have identified the mobile
platform as an effective means to influence multiple health
behaviors, including diabetes management [11] and smoking
cessation [12]. The present meta-analysis provides some
preliminary support for interventions using mobile technology
to increase physical activity behavior. Although the use of
mobile technology in physical activity research is till in its
infancy, we believe that this finding serves as an important
foundation for informing the development of appropriate and
efficient intervention techniques using such technology to
enhance this important health behavior.

However, this initial enthusiasm must be tempered by
consideration of the limitationsinherent in theindividua studies
reviewed. First, because of its broad accessibility during most
of the included interventions, SMS is the primary technology
utilized in this review, which hampers our ability to make
evidence-based statements regarding the efficacy of
interventions that utilize smartphones. Further, one primary
weakness in the studies reviewed here is the inability to
determine the unique contribution of the mobile device
component to changing physical activity behavior. For the most
part, mobile devices have been used primarily as data collection
methods (eg, steps reported via SMS) or as supplemental
materials (eg, provision of feedback via SMS) to a broader

http://www.jmir.org/2012/6/e161/
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behavior change intervention relying on more traditional
methods (eg, face-to-face counseling). When incorporated into
larger interventions, SMS messages present a nimble and
efficient meansto relay feedback and information to participants,
provide participants freedom in accessing the intervention
message, and to an extent, SM S allowsfor real-time assessment
of behavior.

For example, Fjeldsoe et a [34] developed an SMS-based
intervention to increase physical activity in post-natal mothers
who were sent bi-weekly, socia cognitive-based motivational
messages tailored to the study participants. In addition to these
messages, a goal-setting refrigerator magnet and face-to-face
and telephone counseling were provided at baseline, and
telephone counseling alone was provided at week six. The
researchers created a useful and innovative model of
population-specific text-messaging; however, the inclusion of
the counseling and magnet components highlights the inability
of current SMS-based interventions to be all-encompassing.
Thisisin contrast to the current movement by many inthe area
of Internet-based health research who recommend full
automation (ie, minimal researcher contact, few supplementary
materials, and automatic generation of individualized user
content). Hurling et al [35] used an automated design in creating
an Internet-based physical activity intervention that utilized
SMS to deliver motivational and reminder messages to
participants. The intervention was effective; however, our
understanding of the efficacy of the mobile componentisagain
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clouded by its role as an SMS supplement to the broader,
Internet-based trial.

Unfortunately, the simple adoption of mobile technol ogies does
not ensure effective intervention methods. Theoretical
frameworks should guide interventions to help researchers
understand which components were most effectivein successful
(or unsuccessful) trials. For example, Prestwich et al [38]
instructed participants to develop implementation intentions
and agoal relative to brisk walking. These intentions are based
in part on Gollwitzer's [40] position that anticipating and
planning goal-directed responses removes some burden of
responsibility from the individual and delegates it to the
situation. That is, implementation intentions are formed in such
a way that one self-regulates in a manner following “when |
encounter X, | will respond by Y” [40], thus ensuring that when
aparticular situation isencountered, the desired response occurs
automatically. After forming goals and implementation
intentions, subjects were assigned to one of three groups: one
that received SM S reminders of their implementation intentions,
one that received SMS reminders of their brisk walking goal,
and a control group. Both SM S groups significantly increased
the amount of walking relative to control. Further, the SMSplus
goa group better recalled their goals, while the SMS plus
implementation intentions group better recalled their
implementation intentions, indicating that this form of mobile
intervention successfully supported the underlying theoretical
principles of the study.

It is worth considering, however, that much can be added to
current theoretical models of behavior change so that they are
better suited to design mobileinterventions and interpret results.
Ritterband et al [41] have developed a behavior change model
for Internet-based interventionsthat can be used to guide mobile
interventions, given the similarities of the two platforms. The
authors note that at the time of writing, no theoretical model
existed to guide development and testing of Internet-based
interventions. More recently, Riley and colleagues [13]
questioned whether or not current behavioral theories are
adequate for designing and implementing mobileinterventions.
They acknowledge that current models account for the state of
the participant at baseline and challenge that they do not
adequately account for the interplay between user experiences
and the dynamic and adaptable nature of mobile interventions.
For Internet and mobileinterventions alike, theoriesthat account
for inter- and intra-individual change over time may be a better
fit.

One of the unique and advantageous features of maobile devices,
and smartphones in particular, is their use of the popular and
widespread native applications or “apps’. Rather than relying
on Internet connectivity to deliver content that resides on a
remote server (ie, the method utilized by “web apps’), native
apps are developed for the mobile operating system, reside on
the user’smobile device, and may storedatalocally or exchange
it via the Internet. Importantly, native apps alow a greater
degree of flexibility and complexity to software and intervention
designers. Since 2008, application development has continued
to grow across multiple platforms at an exponential rate and
has mirrored the increase in smartphone users worldwide [42].
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Though limited in number at thetime of writing, research using
native applications gives cause for optimism. For example, King
et al [30] devel oped software that cued individual sto participate
in a short survey twice daily. This survey assessed types of
physica activity, context of physical activity, and
behavioral/motivational factors. The physical activity program
was grounded in socia cognitive principles and included an
assessment of barriers and enablers; self-regulation of step
counts; and agoal -setting component, from which personalized
PDA-delivered graphical/textual feedback was developed. The
authors reported a mean increase in moderate to vigorous
physical activity of 177.7 minutes per week, as compared with
amean decrease of 80 minutes in the control group over eight
weeks. This early native application-based intervention
demonstrated the versatility and potential efficacy of thismode
of delivery.

Finaly, inclusion of advanced sensors (eg, integrated
accelerometer and GPS devices) holds promise for more
accurate assessment of physical activity behavior in real time.
Ecological Momentary Assessment (EMA) is a measurement
strategy that aims to collect data reflecting behavior and the
social/physical context that influences such behavior. Often this
isaccomplished by providing aprompt to the participant, cuing
them to submit reports relative to, for example, their current
location, the type of activity they are currently participating in,
and their social context [43-45]. In combination with smartphone
technology, integrated motion sensing can bolster the accuracy
of activity measurement, while GPS data may provide
geographic location information, alowing for a more detailed
examination of the environmental context in which activity does
or does not occur [44]. Bergman et a [46] have questioned the
validity of mobile phone-based accelerometry, although their
study examined only a single mobile application meant to
estimate number of steps taken. Recently, Wu et al [47] used
accelerometer and gyroscope data obtained by smartphone
devices to classify activity types using machine learning
algorithms. They found that they could accurately classify
walking and jogging activities with greater than 90% accuracy.
However, there still remain issues to resolve relative to the best
location on the body to obtain accurate movement dataon larger
and more diverse populations, and the most accurate algorithms
for quantifying different types and intensities of activity.

Strengthsand Limitations

A primary strength of this study is its status as the first
meta-analysis examining the influence of mobile devices on
physical activity behavior. Acknowledging the efficacy of
current interventions while addressing advances in technology
can help to guide future intervention development. We must
also note severa limitationsinherent inthismeta-anaysis. First,
the small number of published studies necessitated broad
inclusionary criteria, thereby including studiesthat varied greatly
in population characteristics, study design, and use of mobile

components. Further, study heterogeneity, as denoted by the 12
statistic, should be interpreted with caution, particularly dueto
the small number of effects included. However, aggregation of
study effects and designs is important in order to effectively
utilize and improve on current designs.
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Conclusion

Given that smartphones only recently acquired enough market
penetration to warrant implementation as a health behavior
change platform, it is not surprising that there has been little
rigorous study of the influence of this technology on physical
activity. Fortunately, innovative research using SMS, PDAS,
and the Internet has laid a foundation on which smartphone
research can be built. Asthefield increasingly utilizesthis novel

Fanning et al

technology, our focus must not be on any one specific device
but on the best possible use of these tools to measure and
understand behavior. Indeed, scientifically rigorous, theoretically
grounded behavior change interventions that recognize and act
on the potential of smartphone technology (eg, integrated
accelerometry, Internet connectivity, ubiquitous presence) could
provide investigators with an efficient and effective tool and
participants with an immersive and exciting experience.
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Abstract

Background: Patientswith type 1 and type 2 diabetes often find it difficult to control their blood glucose level on adaily basis
because of distance or physical incapacity. With the increase in Internet-enabled smartphone use, this problem can be resolved
by adopting a mobile diabetes monitoring system. Most existing studies have focused on patients’ usability perceptions, whereas
little attention has been paid to physicians' intentions to adopt this technology.

Objective: The aim of the study was to evaluate the perceptions and user acceptance of mobile diabetes monitoring among
Japanese physicians.

Methods: A questionnaire survey of physicians was conducted in Japan. The structured questionnaire was prepared in a context
of amobile diabetes monitoring system that controls blood glucose, weight, physical activity, diet, insulin and medication, and
blood pressure. Following a thorough description of mobile diabetes monitoring with a graphical image, questions were asked
relating to system quality, information quality, service quality, health improvement, ubiquitous control, privacy and security
concerns, perceived value, subjective norms, and intention to use mobile diabetes monitoring. The data were analyzed by partial
least squares (PLS) path modeling.

Results: Intotal, 471 physicians participated from 47 prefectures across Japan, of whom 134 were specialized in internal and
gastrointestinal medicine. Nine hypotheses were tested with both the total sample and the specialist subsample; results were
similar for both samples in terms of statistical significance and the strength of path coefficients. We found that system quality,
information quality, and service quality significantly affect overall quality. Overall quality determines the extent to which
physicians perceive the value of mobile health monitoring. However, in contrast to our initial predictions, overall quality does
not have asignificant direct effect on the intention to use mobile diabetes monitoring. With regard to net benefits, both ubiquitous
control and health improvement are significant predictors. Net benefits in turn significantly motivate physicians to use mobile
health monitoring, and has astrong influence on perceived value. Perceived value and subjective norms are predictors of intention
to use. In our sample, concerns over privacy and security risk have no significant effects on intention to use mobile diabetes
monitoring. Among the 3 control variables, only age significantly affected intention to use mobile diabetes monitoring, whereas
experience and gender were not significant predictors of intention.

Conclusions: Physicians consider perceived value and net benefits as the most important motivators to use mobile diabetes
monitoring. Overall quality assessment does affect their intention to use this technology, but only indirectly through perceived
value. Net benefits seem to be a strong driver in both a direct and indirect manner, implying that physicians may perceive health
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improvement with ubiquitous control asatrue utility by enhancing cost-effective monitoring, and simultaneously recognizeit as

away to create value for their clinical practices.

(J Med Internet Res 2012;14(6):€183) doi:10.2196/jmir.2159

KEYWORDS

Blood glucose self-monitoring; Diabetes mellitus; Internet; Diabetes self-management; Health informatics; Mobile health; Mobile

device; Mobile diabetes monitoring; Path analysis

Introduction

Context and Prior Work

The increased need for real-time data management and the
advances in mobile communication technology are developing
markets for a new form of remote diabetes data management
systems[1-3]. Mobile diabetes monitoring (MDM) can provide
amore personalized and flexible means of control through which
physicians can get immediate medica data and achieve
continuous control over patients health, while patients can
satisfy their desireto receivetimely clinical feedback and lower
the cost of long-term medical care[4,5]. A recent review of 101
commercial mobile apps found that insulin and medication
recording (62%), data export and communication (60%), diet
recording (47%), and weight management (43%) are the most
prevalent features [1]. The adoption of mobile diabetes
monitoring has been examined in several situations. A clinical
pilot trial in Austria indicated that a diabetes management
system was well accepted by patients and practical for daily
usage. A similar application was tested in a randomized and
crossover clinical experiment with 10 type 1 diabetic patients
aged 21 to 62 years in Spain [6]. The patients showed high
acceptability and interest in the system as recorded in usability
and utility questionnaires. Martinez-Sarriegui et a [3] tested
personal digital assistant (PDA) monitoring with a continuous
glucose sensor on 5 diabetic patientsin Spain. They found that
all patients were satisfied and would recommend the system.
In South Korea, a mobile blood glucometer system was tested
with 20 elderly patients older than 65 years. Despite complaints
related to short battery life and difficulties in operating mobile
phones, the patients’ satisfaction was 8.59 of 10 points.

Significance of the Study

Our literature review indicates that most published studiesfocus
on the use or clinical evaluation of mobile diabetes monitoring
from the patients' perspectives. Empirical research on mobile
diabetes monitoring adoption from the physicians’ perspective
isalmost nonexistent, thus the present study makes a significant
contribution to our existing knowledge. Although understanding
end users (ie, patients) adoption mechanisms isimportant, the
adoption of mabile diabetes monitoring needs to be understood
fromthe operators (ie, physicians) perspectivesfor two reasons.
First, unlike typical commercial transactions, patients are not
really the customers who choose mobile diabetes monitoring.
It isthe physicians, along with other health professionals, who
make the ultimate clinical decision to introduce information
technology (IT) designed to support highly specialized tasks
and services [7]. Second, prior research indicates that a close
collaboration between physicians and the medical device
industry is essential for device innovation [8]. In this view,
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physicians provide essential knowledge of technology and
medical practice that becomes incorporated into new devices.
Physicians' involvement in clinical trials and testing is
increasingly important, thus the industry needs profound
knowledge about the mechanisms of their adoption behavior.

Theoretical Background and Model

Our theoretical model is based on the updated Del.one and
McL ean Information System (1S) SuccessModel, which covers
different perspectives of evaluating information systems (Figure
1). DeLone and McLean [9] reviewed the existing definitions
of 1S success and their corresponding measures, and proposed
a basic model. Later, this model was revised by incorporating
7 major variables connected in structural relationships [10].
System quality is defined as the desirable characteristics of an
IS, whereas information quality means characteristics of the
output offered by the IS. Service quality refersto the quality of
the support that system users receive from the IS department
and I T support personnel. Net benefits explain the effect an IS
has on an individual, group, organization, industry, or society,
and influence both the usage extent of the IS and the level of
resulted satisfaction [11,12].

Our research closely follows this model for two reasons. First,
prior research suggests that the original Del.one and McLean
IS Success Model has been one of the most widely cited IS
models [11,12]. Second, the updated Del.one and McLean IS
Success Model isamong the few optionsthat haveincorporated
quality and net benefits dimensions that we consider to be
crucia determinants of mobile diabetes monitoring adoption.

The updated Del.one and McLean IS Success Model can be
considered as a conceptual scheme of IS success in a given
organization. However, measurements of each variable were
only loosely suggested. In an attempt to explicate physicians
adoption of mobile diabetes monitoring, we extend the updated
DelLone and McLean IS Success Model by introducing some
new variables. We posit 9 different major hypotheses (H1-H9);
our research model is shown in Figure 2.

Overall quality is conceptualized as a second-order hierarchical
model in which each first-order factor isacause of the construct
[13]. That is, overal quality is defined as the ultimate result
when the IS achieves information, system, and service quality.
Thereason for thishigh-order construct is because although the
updated DelL.one and McLean IS Success Model explains that
an information system can be evaluated in terms of information,
system, and service quality, no overall quality construct was
suggested in the model. The extant research on service quality
perception has always embraced such a hierarchical view [14].
We posit that physicians are likely to perform mental calculus
by summing up individual quality assessment for information,
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system, and service. Thus, we hypothesize that system quality
will directly and positively affect overal quality of mobile
diabetes monitoring (H14), information quality will directly and
positively affect overall quality of mobile diabetes monitoring
(H1b), and service quality will directly and positively affect
overall quality of mobile diabetes monitoring (H1c).

In the updated Del one and McLean IS Success Model, each
quality dimension affects the subsequent intention to use the
IS. By the same token, our model contemplates that overall
quality determines the intention to use mobile diabetes
monitoring. Actual use is excluded from our model, because
the current diffusion level of mobile diabetes monitoring is till
in its infancy. For example, industry reports indicate that
although the number of home health monitoring devices with
embedded cellular connectivity may reach 2.47 million by 2016;
only 570,000 were in use worldwide as of 2011 [15].
Nonetheless, we arguethat physicians could judgetheir intention
to use mobile diabetes monitoring without real usage experience,
because “intention” is an attitude, whereas “use” is a behavior
[10]. Therefore, our secondary hypothesisisthat overall quality
will directly and positively affect intention to use mobile
diabetes monitoring (H2).

Del oneand McL ean [10] argue that satisfaction isan important
success measure of system adoption because it captures the
balance of positive and negative impacts of itsuse. In our model,
satisfaction is replaced by perceived value because of the same
reason mentioned previoudy—low penetration of mobile
diabetes monitoring. Here, we view value as the performance
improvement in functionality, efficiency, productivity, and
practicality because of mobile diabetes monitoring adoption as
weighed against the associated costs. Because only a limited
number of physicians may have actually used mobile diabetes
monitoring, the level of satisfaction is not a realistic measure.
Instead, we posit that physicians could perceive certain
value—perceived trade-off between improved patient care and
costs—toward the system. However, such value cannot be
perceived without a good understanding of overall quality. For
example, within the general diabetes treatment program, the
impact of mobile diabetes monitoring on patients cannot be
viewed as valuable unless physicians fully evaluate the overall
performance quality it deliverstotheclinical practitioners. Thus,
our third hypothesis is that overall quality will directly and
positively affect perceived value (H3).

DelLone and McLean [10] suggest that net benefits must be
determined by the context and objectives of the IS investment
by asking thefollowing questions: What qualifiesasa“benefit”?
For whom? And at what level of analysis? In this regard, we
conceptualize net benefits as acomposite effect of two variables:
ubiquitous control and health improvement. Ubiquitous control
is defined as flexible patient care without time and place
restriction. Ubiquity has been suggested to be the most important
utility of maobile device [16], and thus the heart of mobile
diabetesmonitoring benefits. Health improvement in this context
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encompasses the clinical advantages physicians could achieve
through the use of mobile diabetes monitoring, which have been
suggested by several trial experiments [3,6,17]. We therefore
expect that ubiquitous control will directly and positively affect
net benefits (H4a), and health improvement will directly and
positively affect net benefits (H4b).

Prior research measures net benefits as improvements in job
performance and finds that they significantly impact intention
to use knowledge-management systems[18,19]. Similar findings
have been reported in IS literature [12], thus leading us to
hypothesize that net benefits will directly and positively affect
intention to use mobile diabetes monitoring (H5).

If physicians indeed perceive important benefits derived from
mobile diabetes monitoring (ie, ubiquitous control and health
improvement), they may ultimately see an opportunity to create
valuefor their clinical practice. Prior research suggeststhat such
value creation would lead to a stronger intention to adopt 1S
[20]. Thus, the net benefits will directly and positively affect
perceived value (H6), and perceived value will directly and
positively affect intention to use mobile diabetes monitoring
(H7).

Next, theory of planned behavior (TPB) states that behavioral
intentions are determined by three primary dimensions: attitude,
subjective norm, and perceived behavioral control. All three
factors are influenced by a set of cognitive beliefs about the
innovation and their respective importance. Of special interest
to the present study, subjective norm can be defined as a
“person’s perception that most people who areimportant to him
think he should or should not perform the behavior in question”
[21]. Prior research based on TPB finds that subjective norm
has the strongest effect on physicians' behavioral intentions to
share knowledge [22,23]. This finding implies that peer
influence may play a centra role in the adoption of mobile
diabetes monitoring, leading to the hypothesis that subjective
normswill directly and positively affect intention to use mobile
diabetes monitoring (H8).

Finally, ageneral concernfor privacy and security risk in mobile
commerce may be applicableto the adoption of mobile diabetes
monitoring. In fact, both industry practitioners and scholars
have debated potential risks involved in electronic medical
records [24-26]. Thus, the treatment of personal data and data
security can be a negative driver of usage intention. Therefore,
we posit that privacy and security risk will directly and
negatively affect intention to use mobile diabetes monitoring
(H9).

Purpose

The purpose of our empirica survey is to validate the
explanatory power of our research model, whichisatheoretical
extension of the updated DelLone and McLean IS Success
Model. A set of key attitudinal and perceptual factors of mobile
diabetes monitoring adoption are assessed from the physicians
point of view.
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Figure 1. Updated Del one and McLean Information System (IS) Success Model.

System Intention Net
. Use )
quality touse benefits
Infermation
guality
Service User
quality ] satisfaction

Figure 2. Theoretical model of mobile diabetes monitoring adoption among Japanese physicians showing various hypothesized (H) relationships. A
plus sign or minus sign signifies an increase or decrease, respectively, in the dependent variable evoked by an increase in the independent variable
(ceteris paribus).
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Methods initiatives, of which thefirst two were targeted toward diabetes
and depression [29]. Fourth, the direct health care costs of
Site of the Study diabetes are due to increased costs associated with hospital

Japan served asthe site for this study for several reasons. First,
it has one of the highest mobile broadband penetration rates. In
2011, there were 122 million 3G subscribers with 95%
penetration rate [27]. Second, Japan is the country with the
eighth-largest number of diabetes patients worldwide in 2010,
with approximately 7.3 million adults aged 20 to 79 years[28].
According to the World Health Organization (WHO), this
number is expected to reach 8.9 million by 2030 [29]. Thus, an
innovative treatment approach for diabetes would draw much
attention from physicians. Third, with aging of the Japanese
population, the health care costs associated with chronic diseases
are becoming a serious burden in Japan’s socia security system.
To address this issue, there have been various strategic

http://www.jmir.org/2012/6/e183/

admissions and outpatient visits, as well as the costs of
medications. Oishi and colleagues [30] performed a study in
2003, examining the time and costs in caring for patients with
newly identified type 2 diabetes and other lifestyle diseasesin
Japan. The mean number of monthly doctor visits was similar
for newly diagnosed patientswith diabetes and for patientswith
hypertension and/or hyperlipidemia, but the total time of these
visits for patients with diabetes was greater [30]. Thus, the
adoption of mobile diabetes monitoring could significantly
reduce potential costs associated with keeping these patients’
diabetes under control. All these reasons ensure the ecological
validity of the study, and thusjustify the use of Japan asthe site
of the study.
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Definition of M obile Diabetes M onitoring

This study defines mobile diabetes monitoring as a system of
self-monitoring blood glucose in diabetic patients by means of
3G-enabled mobile device. Typically, mobile diabetes
monitoring enables the following functions: (1) self-monitoring
of blood glucose, weight, physical activity, diet, insulin and
medication, and blood pressure; (2) disease-related data export
and physician-patient communication; and (3) synchronization
with personal health record systems at the hospital’sinformation
hub. This technical definition is consistent with prior research
[1], and leading Japanese medical informatics laboratories and
firms (eg, University of Tsukuba, Fujitsu) developed a similar
system [31,32].

Questionnaire

A questionnaire survey was conducted in Japan. At the
beginning of the questionnaire, we asked the medical specialty
of the respondent and their level of clinical experience (inyears).
We then showed a graphical image of a mobile-based blood
glucose self-monitoring system devel oped by the University of
Tsukuba [32]. In addition, a detailed description of the system
purpose, functions, and usage procedures were provided. We
asked whether the respondents had used mobile diabetes
monitoring. If the answer was affirmative, we then asked them
torate each item according to their usage experience; otherwise,
their assessmentswere based on the description provided in the
guestionnaire. In the next section, we listed the questionsrelated
tothemodel constructs explained in the previous section: system
quality, information quality, service quality, perceived health
improvement, privacy and security concerns, perceived value
for medical control, subjective norms, ubiquitous control, and
intention to use mobile diabetes monitoring. Construct measures
were adapted from previous research in information systems,
health care, and consumer behavior [14,16,33-43]. All constructs
were measured by multiple-item scales with a 7-point Likert
scale, except perceived value that was measured by a 7-point
semantic differential scale. At theend of the questionnaire, some
demographic questions, such as age, gender, and geographical
area (ie, prefecture), along with other relevant questions (eg,
usage experience and frequency of Internet and mobile device
use), wereincluded. All constructs’ measures used in the present
study are listed in Multimedia Appendix 1.

Participant Recruitment

The survey participantswere recruited by aprofessiona research
agency in Japan. The agency posted a recruitment notification
on its website. As a result, 590 physicians signed up to
participate in the survey. As an incentive, the respondents were
paid 5000 yen (approximately US $60) for their participation.
The survey website was created and the invitation was sent to
the participants. Although our sampling was not probabilistic
(ie, judgment sample), the respondents were drawn from 47
prefectures in Japan, and thus not clustered in certain regions

of Japan.
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Analytical Approach

We applied partial least squares (PLS) path modeling as
implemented in SmartPLS 2.0 M3 [44] as means of statistical
analysis. PL S has found widespread use in technol ogy adoption
and information systems literature [45], primarily because of
its suitability for exploratory studiesin early stages of research
when the focus lies on saturated, prediction-oriented models.
We used the factor-weighting scheme as our inner weighting
scheme because of its robustness [46]. Two of our constructs,
overall quality and net benefits, were modeled as second-order
constructs by using the repeated-indicators approach [45]. We
applied bootstrapping with 5000 bootstrap samples to obtain
inference statistics.

We performed a PLS analysis with two nested samples. First,
we conducted the PL Sanalysiswith thetotal sample. Thereason
for thisisthat mobile-based monitoring systems can be applied
not only to diabetes, but also to epidemiology of other medical
fields. Thus, the inclusion of other medical experts increases
external validity of our proposed model. Moreover, the
reliability and validity of the measures were assessed with the
total sample, based on the criteria formulated by Ringle et a
[45]. The internal consistency reliability was estimated using
Cronbach alpha and Jéreskog's rho. Convergent validity was
assessed by using the average variance extracted (AVE). We
relied onthe Fornell-Larcker criterion [47] to assessdiscriminant
validity. Second, because diabetes is normally treated by
physicians of internal medicine and gastrointestinal medicine,
we limited the sample only to those respondents specialized in
these areas. Gastrointestinal symptoms are reportedly common
in diabetes [48]. This validation with the specialist subsample
should reflect more accurate perceptual, attitudinal, and
behavioral responses from the physicians specialized in this
specific disease category.

Results

Sample Characteristics

During August 2011, 505 physicians responded to the survey.
However, there were 34 responses with exaggerated extremity
preferences (all 1s or 7s). They were considered to be due to
extreme response bias, and were eliminated from the final
dataset. Therefore, the total usable sample size was 471, with
an effective response rate of 79.8%.

The respondents belonged to diverse specidties (Table 1),
including general medicine (20.6%), surgery (10.4%), and
gastrointestinal medicine (7.9%), among others. The average
clinica experience of the respondents was 19.3 years.
Approximately 87% and 13% of the respondents were male and
female, respectively, aged 25 to 65 years. A cross-tabulation of
sex and age group is shown in Table 2.
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Table 1. Medical specidties of al respondents (N=471) and those respondents in the subspecialties of general internal medicine and gastrointestinal

medicine (n=134) to a survey in Japan about mobile diabetes monitoring.

Specialty Total sample Specialist subsample

n % n %
General internal medicine 97 20.6 97 724
Psychosomatic medicine 1 0.2 0 0
Respiratory internal medicine 7 15 0 0
Gastrointestinal medicine 37 7.9 37 27.6
Cardiovascular medicine 21 4.5 0 0
Neurology 13 2.8 0 0
Nephrology 12 25 0 0
Hematol ogy 4 0.8 0 0
Psychiatry 28 59 0 0
Surgery 49 10.4 0 0
Obstetrics and gynecol ogy 14 3.0 0 0
Ophthalmology 19 4.0 0 0
Otorhinolaryngology 13 28 0 0
Dermatology 15 32 0 0
Urology 9 1.9 0 0
Radiology 17 36 0 0
Anesthesiology 25 53 0 0
Others 90 19.1 0 0

Table 2. Ageand sex distribution of respondents to survey in Japan about mobile diabetes monitoring.

Age Sex, n (%) Total, n (%)
Male Femae n=471
n=410 n=61

20-29 years 9(2.2) 11 (18.0) 20 (4.2)

30-39 years 74(18.0) 24(39.3) 98 (20.8)

40-49 years 174 (42.4) 18 (29.5) 192 (40.8)

50-59 years 125 (30.5) 6(9.8) 131 (27.8)

= 60 years 28 (6.8) 2(3.3) 30 (6.4)

Interms of personal use, approximately 42% of the respondents
accessed the Internet with their mobile device on adaily basis;
9% did so more than 10 times a day. By contrast, 26.9% did
not access the Internet with mobile device. On average, the
respondents used the Internet with their mobile device for
approximately 7 years. In terms of professiona use,
approximately 30% of the respondents used the Internet for
their patient care or other clinical practices. With regard to
mobile diabetes monitoring, only 0.8% of the respondents
actually used mobile diabetes monitoring previously. Although
25.9% were aware of its functions but did not use mobile
diabetes monitoring, 73.2% were not well informed.

http://www.jmir.org/2012/6/e183/

M easurement Validation

All our congtructs exhibit sufficient levels of internal consistency
reliability, exceeding the recommended threshold of .70 [49].
All AVE values were above the critical value of .50 [47], which
indicates that all constructs are unidimensional, thus implying
convergent validity. In Table 3, we report Cronbach apha,
Joreskog'srho, and the AVE.

Table 4 shows the construct correlations as well as the square
root of the AVE as the basis for assessment of discriminant
validity. Comparing the square root of each construct’'s AVE
with its largest absolute correlation shows that the
Fornell-Larcker criterionismet. Therefore, discriminant validity
can also be confirmed.
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Table 3. Quality indicators of the constructs, including Cronbach's apha, Joreskog's rho, and average variance extracted (AVE).
Construct Number of items Cronbach's alpha Joreskog'srho AVE
Age 1 — — -
Experience 1 — — —
Gender 1 — — —
Health improvement 4 .90 .93 a7
Information quality 11 .96 97 73
Intention to use mobile diabetes monitoring 3 .92 .95 87
Perceived value 8 .96 .96 77
Security/privacy concerns 8 .96 97 .78
Service quality 9 .96 .96 74
Subjective norms 3 .94 .96 .89
System quality 10 91 .93 .56
Ubiquitous control 6 .94 .96 .78
Table 4. Construct correlations and square root of the AVE.
Construct Construct correlations®
1 2 3 4 5 6 7 8 9 10 11 12
1 Age —
2 Experience .00 —
3 Gender -30 .08 —
4  Health improvement .04 -.06 -.04 .88
5 Information quality .00 -.02 —-.06 .80 .85
6 Intention to use —-.08 -03 -04 .64 .70 .93
7 Perceived value .01 -07 -07 .72 .81 .72 .87
8  Security/privacy concerns -.05 -.07 .03 A7 .30 .20 .24 .88
9  Service quality .08 .00 -.02 .70 .66 49 .62 .04 .86
10 Subjective norms .06 .00 -10 .67 .70 .76 72 5 .60 .94
1 System quality .09 .00 -07 .69 75 57 71 13 74 64 75
12 Ubiquitous control .08 -.05 -.04 71 .78 72 a7 27 .60 a7 .69 .88

@Diagonal elementsin italics are the square root of the construct’s AVE (all other elements are correl ations between the constructs).

Model Validation with Total Sample

The results of the PLS analysis on the total sample are shown
in Figure 3. Themodel estimates|argely confirm our conceptual
model. System quality, information quality, and service quality
all contribute significantly to the overall quality. Remarkably,
the indirect effect of overall quality on the intention to use
mobile diabetes monitoring is positive (indirect effect = 0.11)
and significant (P <.001). However, the total effect of overall
quality on the intention to use mobile diabetes monitoring is
not significant (total effect = 0.05, P =.21). As the indirect
effect of overall quality already suggests, both the effect of
overal quality on perceived value and the effect of perceived
value on the intention to use mobile diabetes monitoring are
significant. Ubiquitous control and health improvement
contribute significantly to the formation of net benefits. Net
benefits, in turn, have significant positive effects on theintention

http://www.jmir.org/2012/6/e183/

to use mobile diabetes monitoring and perceived value. Also,
theindirect effect (indirect effect = 0.11, P < .001) and the total
effect (total effect = 0.38, P <.001) of net benefits on the
intention to use mobile diabetes monitoring are significant. As
anticipated, subjective norms have a significant positive effect
on the intention to use mobile diabetes monitoring. Finally,
privacy and security risk does not have a significant effect on
the intention to use mobile diabetes monitoring. The control
variablestested (age, experience, and gender of the respondents)
did not produce any effect with one exception: the negative
influence of the age of physicians on intention to use mobile
diabetes monitoring. The older respondents have a significantly
lower intention to use mobile diabetes monitoring than the
younger respondents, suggesting that the younger the physicians,
the more likely they will be to adopt and use mobile diabetes
monitoring. This effect is likely because of the widely
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documented adverse relationship between age and new
technology acceptance.

Model Validation with Specialist Subsample

Table 5 lists the results from the PLS analysis of the specialist
(internal and gastrointestinal medicine) subsample juxtaposed
with those from the total sample validation. Asfar as statistical
significance is concerned, no discrepancy was found between
the two results. Except for two paths (ie, overal quality -
intention to use mobile diabetes monitoring, and privacy and
security risk — intention to use mobile diabetes monitoring),
all hypothesized rel ationships were supported. Furthermore, the
magnitudes of standardized beta coefficients were also very
similar.

Hypotheses Testing

Hypotheses testing results are summarized in the far right
column of Table 5. Based on the results from both the total
sample and the specialist subsample, we could confirm that all
but two hypotheses are supported by our data. More specifically,

Okazaki et &l

system quality, information quality, and service quality
significantly affect overall quality, providing support for
hypotheses 1, 2, and 3. Our results also indicate that overall
quality determines the extent to which physicians perceive the
value of mobile health monitoring. However, in contrast to our
initial predictions, overall quality does not have a significant
direct effect on the intention to use mobile diabetes monitoring.
Thus, hypothesis 2 does not gain support but hypothesis 3 does.
With regard to net benefits, both ubiquitous control and health
improvement are significant predictors, which ring true for
hypotheses 4aand 4b. Net benefitsin turn significantly motivate
physicians to use mobile health monitoring, while exercise
strong influence on perceived value. Thus, both hypotheses 5
and 6 are supported. Perceived value is found to be a strong
predictor of intention to use, which provides support for
hypothesis 7. In the same token, as predicted in hypothesis 8,
subjective norms significantly affect intention to use. Finally,
concerns over privacy and security risk have no significant
effects on intention to use mobile diabetes monitoring. Thus,
hypothesis 9 is not supported.

Figure 3. Partial least squares (PLS) analysis results of the theoretical model of mobile diabetes monitoring adoption among Japanese physicians. The

numbers indicate standardized beta coefficients.
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Table5. Summary of partial least squares (PL S) estimation from the total sample and the specialist (internal and gastrointestinal medicine) subsample.

Hypotheses Path® Total sample Specidist subsample  Hypothesis testing
(n=471) (n=134) results
Betacoef- P Betacoef- P
ficients ficients
Hypothesis 1a System quality - overal quality (+) .28 <.001 .30 <.001 Supported
Hypothesis 1b Information quality — overall quality (+) 48 <.001 46 <.001 Supported
Hypothesis 1c Service quality — overall quality (+) .36 <.001 .33 <.001 Supported
Hypothesis 2 Overall quality — intention to use (+) -.07 15 -.07 44 Unsupported
Hypothesis 3 Overall quality — perceived vaue (+) 44 <.001 A7 <.001 Supported
Hypothesis 4a Ubiquitous control — net benefits (+) .67 <.001 .65 <.001 Supported
Hypothesis 4b Health improvement — net benefits (+) 41 <.001 40 <.001 Supported
Hypothesis 5 Net benefits — intention to use (+) 27 <.001 .20 <.05 Supported
Hypothesis 6 Net benefits — perceived value (+) 43 <.001 A1 <.001 Supported
Hypothesis 7 Perceived value - intention to use (+) .26 <.001 .28 .01 Supported
Hypothesis 8 Subjective norms - intention to use (+) 41 <.001 54 <.001 Supported
Hypothesis 9 Privacy and security risk — intention to use () .02 22 .09 .09 Unsupported
Control variable Age - intention to use -12 <.001 -.09 .06 n.aP
Control variable Experience — intention to use .00 48 .04 .36 n.aP
Control variable Gender - intention to use -.01 .33 .01 .89 n.aP

aThe plus (+) or minus (-) sign in parentheses denotes whether a positive or negative effect is anticipated.

bna =not applicable.

Discussion

Principal Results

Our proposed model was successfully validated by the total
sample and also by the specialist subsample. The statistical
significance and the strength of standardized coefficients were
almost identical for all the hypothesized paths. Therefore, for
the sake of simplification, our principal results are described
based on the total sample validation.

In terms of direct effects, physicians' intention to use mobile
diabetes monitoring is primarily influenced by net benefits,
perceived value, and subjective norms. Our PLSresultsindicate

that the multivariate coefficient of determination (R?) value of

intention to use mobile diabetes monitoring was 0.67 (R2 =0.82
for the specialist subsample), indicating that more than
two-thirds of the variance of this construct can be explained by
the model. This value can be described as “substantial”
according to Chin [50].

Net benefits not only have a direct effect on intention, but also
an indirect effect through perceived value. We thus find
evidencefor apartial mediation. The hypothesized direct effect
of overall quality on intention cannot be confirmed, but wefind
asignificant positiveindirect effect. More specifically, although
neither the direct effect nor the total effect of overall quality on
the intention to use mobile diabetes monitoring is significant,
the indirect effect of overall quality on the intention to use
mobile diabetes monitoring issignificant. Given the correlation

http://www.jmir.org/2012/6/e183/

between overall quality and intention to use mobile diabetes

monitoring (total R? = 0.67; specialist subsample R? = 0.70),
the influence of overall quality on usage intention appears to
be fully mediated by perceived value. This means that overall
quality contributes to forming the intention to use mobile
diabetes monitoring only if an increase in overal quality is
perceived as value added.

Privacy and security concerns seem to be negligible in terms
of their impact on the intention to use mobile diabetes
monitoring. This is surprising given that there is much
documented evidence about such concernsin wireless medical
devices [51]. One possible explanation is that perhaps the
respondents of this study might have been more experienced in
the use of innovative medical devices. Prior research indicates
that frequent and experienced users of electronic health records
were significantly less concerned about privacy and security
than nonusers [52]. On the other hand, there seems to exist
evidence that, compared with general business practitioners,
many physiciansare not particularly technology literate, despite
their highly demanding educational and specialized training [7].
This lack of computer literacy may have made them fail to
acknowledge the severity of privacy and security concernsin
mobile diabetes monitoring. We deem the latter to be a more
reasonable and realistic explanation.

Limitations

The sample size of physicians specialized in internal medicine
or related specialties was modest. Future studies should ensure
alarger sample to increase the generalizability of the findings.
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Similarly, although the sample consisted of physiciansall across
Japan (ie, 47 prefectures), the selection was not probabilistic;
thus, it may not accurately reflect the entire Japanese medical
community. Third, we did not examine how physicians' personal
propensity to use new information and communication
technology affects the model variables, which was far beyond
the scope of our study. Because of the preceding reasons, this
study should be considered asan initial stepping-stone and any
generalization of the results should be done with caution.

Conclusions and Practical Implications

Physicians from awide range of clinical expertise most valued
perceived value as a mediator of the effects exercised by both
overall quality and net benefits over intention to use mobile
diabetes monitoring. This fact seems even more significant
given the absence of direct effect of overall quality onintention
to use mobil e diabetes monitoring because physicians apparently
seem to weigh exactly what kind of value they can get out of
the system. In health care, value is defined as the patient health
outcomes achieved relative to the inputs (or cost) required [53].
Because net benefits aready take into account health outcome
(ie, health improvement) and device utility (ie, ubiquitous
control), our perceived value seemsto crystallize theimportance
of the output-input rel ationship derived from the mobil e diabetes
monitoring. Prior research suggests that the power of quality
improvement to drive down costs is greater in health care than
in any other field [53]. Thus, our results may suggest that
physicianstend to look into the efficiency and cost-effectiveness
of mobile diabetes monitoring before forming their usage
intention. Thisimplies that the medical device industry should
be increasingly keen on these aspects in marketing wireless
medical monitoring systems.
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Abstract

Background: Despite promising datain Western countries, thereisadearth of research into the efficacy of text messaging-based
smoking cessation programs in other settings, including the Middle East, where smoking prevalence rates are higher.

Objective: This paper reports cessation rates observed in SM S Turkey, a text messaging-based smoking cessation program for
adult smokersin Ankara, Turkey.

Methods: This study was a small-scale, parallel-group randomized controlled trial (RCT) conducted in Ankara, Turkey.
Participants were adult daily smokerswho were seriously thinking about quitting in the next 15 daysand living in Ankara, Turkey.
The text messaging intervention, SMS Turkey, provided 6 weeks of daily messages aimed at giving participants skills to help
them quit smoking. Messages were sent in an automated fashion, except 2 days and 7 days after the initial quit day. On days 2
and 7, the research assistant manually assigned participants to content “paths’ based on whether they were still not smoking or
had relapsed. The control arm received a brochure that provided similar information about smoking cessation. The main outcome
measure was self-reported 3-month sustained abstinence, verified by carbon monoxide (CO) readings. Neither participants nor
researchers were blinded to arm assignment.

Results: The 151 participants were randomly assigned to 1 of 2 groups: 76 to the SMS Turkey intervention group and 75 to the
brochure control group. Using intention to treat, all 151 participants were included in analyses. Three-month cessation trends

were not significantly higher in the intervention group: 11% intervention vs 5% control had quit (x21=1.4, P=.24; R*=2.0, 95%
Cl 0.62-6.3). When the sample was stratified by sex, female intervention participants (14%, n=5) were significantly more likely
to have quit at 3 months than female control participants (0%, n=0; x21:3.7, P=.05). Among light smokers (ie, those smoking
less than 20 cigarettes per day), intervention participants (17%, n=5) also were significantly more likely to have quit compared
to control participants (0%, n=0; x21:5.3, P=.02). We noted no differencein cessation ratesfor malesor heavy smokers. Participants
experienced significant technology problems during the study. Some participants received duplicate text messages at least once
during the trial; others failed to receive some program messages. Neither receiving duplicate messages (x%=0.12, P=.73), or
missing 5 or more program messages (x2,=0.75, P=.39) negatively affected quitting rates.

Conclusions:  Although the study was not powered to detect statistically significant differences, as the primary aim was to

provide estimates of effect size that could be used to better inform a power analysisfor alarger trial, findings provide optimism
that SMS Turkey may be able to affect quitting rates in environments with high smoking prevalence, such as Ankara, Turkey.
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The SM S Turkey software program did not work aswell asit did 2 years previous. The system will need to be updated to maintain

software compatibility with ongoing technology evolution.

Trial Registration:
at http://lwww.webcitation.org/6Ch1clA8l).

(J Med Internet Res 2012;14(6):€172) doi:10.2196/jmir.2231

KEYWORDS
smoking cessation; Middle East; text messaging; pilot study

Introduction

Cigarette smoking is a magjor contributor to morbidity and
mortality in Turkey [1,2]. Compared to the United States, where
23% of men and 18% of women are current smokers [3], an
estimated 44% of men and 12% of women smoke daily in
Turkey [2]. Despite Turkey's high smoking prevalence rate,
data suggest a demand for cessation services—over haf of all
smokersdesireto quit and 45% have made a quit attempt in the
past year [2].

The smoking landscape changed dramatically in Turkey when
it became the third country in Europe to go 100% smoke free
in 2009 [4,5]. Turkey is a signatory of the World Health
Organization (WHO)’'s Framework Convention on Tobacco
Control [6], which mandates the adoption of governmental
policiesthat reduce the supply and demand for tobacco. Turkey
has been lauded for its recent success in increasing its efforts
to reduce smoking [4,7]. Pharmacotherapiesfor cessation, such
as Zyban, are available at pharmacies without a prescription
and a national telephone quit line was implemented in the last
few years. However, there is some indication that few smokers
avail themselves of cessation services. Unalacak [8] reportsthat
only 3% of current smokers used a smoking cessation
intervention (eg, nicotine replacement therapy and cognitive
behavioral therapy, CBT) as part of their quit attempt.

To increase cessation rates, smoking cessation programs need
to be easily accessible and to reach a large number of people.
An estimated 84% of adults in Turkey own a cell phone, 64%
of whom use text messaging [9]. Because cell phones are 3.8
times more common than landline telephones [10], text
messaging-based programming may represent an underutilized
public health opportunity that isboth scalable and cost effective
[11,12]. Emerging evidence generally supports the efficacy of
text messaging-based health behavior change programs[13,14].
This evidence aso specifically supports the efficacy of text
messaging-based smoking cessation programs in \Western
countries, at least in the short term [15,16]. Despite these
promising data, research is lacking from non-Western cultures
and those with higher smoking prevalence rates where the
relative morbidity and mortality rates are higher. Unlike in the
United States, where tobacco useis considered a* hardening of
the target” [17], smoking is normative and very much a social
experiencein Turkey [18-20]. If text messaging-based programs
can be as effective in these high-prevalence settings, the
potential public health benefits will be even greater.

Preliminary data from Ankara, Turkey suggests that text
messaging-based smoking cessation programs are feasible and

http://www.jmir.org/2012/6/e172/

Clinicaltrials.gov NCT00912795 http://clinicaltrias.gov/ct2/show/NCT00912795 (Archived by WebCite

acceptable [21,22]. In this paper, we report findings from the
small-scale randomized controlled trial (RCT) of short message
service (SMS) Turkey, a6-week text messaging-based smoking
cessation program. Given the relative novelty of conducting
text messaging-based public health efforts in the Middle East,
we also report process measures, including technology issues
experienced during the trial and program retention.

Methods

Overview

This study was a parallel-group RCT conducted in Ankara,
Turkey. Chesapeake IRB and Hacettepe University Ethical
Committee reviewed and approved the research protocol. The
clinical trial registration number is: NCT00912795.

Participants

Participantswere daily smokers 18 years of age and older living
in Ankara, Turkey. Additional eligibility criteria included:
owning a mobile phone and having sent or received at least 1
text message in the past year; seriously thinking about quitting
in the next 15 days; and not having a chronic or seriousillness
defined as emphysema, heart disease, or lung disease (because
this population would likely require a different type of
intervention).

Study Setting

As the capital of Turkey, Ankara is the second largest city in
Turkey after Istanbul. The city isin the heart of the Anatolian
peninsula and is part of a main trading route for tobacco [23].
Itisestimated that at least 1 smoker residesin 70% of the houses
in the southeastern region of Anatolia, whichissimilar to rates
in the country as a whole [24]. In Ankara, 41% of adults are
smokers, which ranks the city third in smoking prevalence
behind Istanbul (44%) and Izmir (44%) [25]. Ankara’'s high
smoking prevalenceis characteristic of many citiesinthe Middle
East.

I ntervention and Control Group Design

As reported elsewhere [26], the content of the SMS Turkey
program was developed following a review of components
found in telephone-based counseling approaches to smoking
cessation, particularly those using CBT [27-33]. CBT content
focuses on dtering the individual’s way of thinking (cognitive
processes) and acting (behavioral actions). Smokers are
encouraged to identify new behaviors that can be substituted
for smoking-related activities, make a commitment to quitting,
recognize the harmful effects of continued smoking, identify
methodsto control cuesthat may trigger the urge to smoke, and
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reward themselves for not smoking [34]. Self-efficacy theory
[35-38] and relapse prevention [28,39-41] are additional
components key to an effective smoking cessation program.
SMS Turkey integrates these topics into the content and is
tailored to where participants are in the quitting process. For
example, messages in the “pre-quit” phase encourage the
participant to clarify reasons for quitting and to understand his
or her smoking patterns and tempting situations/triggers/urges
(Table1). Messagesinthe“early quit” phasetalk about common

Ybarraet a

difficulties and discomforts associated with quitting and
emphasize the use of coping strategies. Messages in the “late
quit” phase encourage participants to recognize relapse in a
different way (eg, Situations, confidence, etc) and provide
actionable information about how to deal with issuesthat arise
as a non-smoker (eg, stress, moods). Development activities
and content were “frozen” and did not change for thelife of the
trial.

Table 1. Example of SMS Turkey content received by the intervention group (actual messages trandlated into Turkish).

Program arm Example text message

Pre-quit When and why do you smoke? Start asmoking diary. Keep track of when you smoke, what you're doing (the activity), how
you feel, and your craving (from 1-3).

Quit day Withdrawal symptoms are unique to everyone. Frustration, impatience, and depression are common but usually only last a
week or two.

Early quit Treat every day like your quit day. Pretend as though it is the first day without cigarettes and be ready for temptation.

Late quit Call your “special supporter” and make plans for your 2-week anniversary—it's just 3 days away!

Relapse Becoming anon-smoker islikelearning to ride abike—it's hard at first and then you learn how to do it—and enjoy the ride!

Encouragement Whatever you decide about smoking, believe in yourself. You CAN quit smoking if you put your mind to it and have aplan

for success.

Previous research into the efficacy of telephone quit lines
conducted in the United States suggests that most smoking
relapse occurs within 2 days of quitting, and at 7 days, the
relapse curve begins to flatten out [32]. As such, different
content “paths” were created for participants based on whether
or not they were smoking 2 days after quit day; and again at 7
days after quit day. If participants reported smoking at either 2
or 7 days after quit day, the research assistant (RA) manually
assigned the participant to the “relapse” arm, which provided
content that focused on helping them get back on track and
recommit to quitting. If participants were smoking at both 2
and 7 days dafter quit day, they were directed to the
“encouragement” arm that focused on norms for quitting and
suggested that the person try again when she or he was ready.

Intervention participants began receiving program messages
theday after enrollment and continued to receive messages daily
through the end of the program. The frequency that participants
received messages changed over the course of the program:
participants generally received 5 messages per day in the
pre-quit phase and then received more messages as the quit day
approached. The highest number of messages was sent on the
quit day and the day after; and then the number of messages
began to taper down. In the last week of the program,
participants were sent 1 message per day. Depending on the
participant’s content path, the total number of messagesreceived
ranged from 91 (for those assigned to the encouragement arm)
to 146 (for those who relapsed and then were assigned to the
late quit messages).

I ntervention messages were created in English, trandated into
Turkish, and then back-trandated to ensure an accurate and
appropriate trandation. Messages were unidirectional:
participants received but did not respond to messages. Research
staff did not prompt or remind participants to engage with the
intervention.

http://www.jmir.org/2012/6/e172/

Previous text messaging-based smoking cessation trials have
included a minimal contact control group that received 1 text
message per week reminding them they were in the study
[16,42]. Control participants in the SMS Turkey RCT were
given general quitting information in a 7-page brochure, but
they did not receive any text messages. Although the brochure
was not designed to exactly mirror the content of the SMS
intervention, some information overlapped (eg, setting a quit
date, creating a diary to understand their smoking behavior,
practicing quitting, and coping strategies for withdrawal). For
example, the following text was included in the “It’s Quitting
Time” section of the brochure: “First, set aquit date in the next
30 days. Tell everyone when you're going to stop smoking.
Sign acontract and put it on the fridge so that you see it every
day. If you smoke 10 or more cigarettes each day, make an
appointment with your doctor to talk about medicines that will
really help you quit smoking. They may cost money, but think
about all of the money you spend on cigarettes!” The brochure
encouraged smokers to follow 5 steps: (1) set a quit day and
sign a contract, (2) find out about their smoking patterns-why
they smoke, (3) practice quitting and change their patterns, (4)
involve their family and friends, and (5) learn to be a
self-supporter.

Outcomes

The primary outcome measure was sustained abstinence 3
months after quit day, confirmed with a.carbon monoxide (CO)
reading of 8 ppm or less[43]. Sustained abstinence was defined
as5 or fewer cigarettes smoked since the quit date, per West et
al [44]. Participants were asked: have you smoked at all, even
just apuff, since your quit day? Response options were: (1) no,
not apuff, (2) 1-5 cigarettes, and (3) morethan 5 cigarettes. CO
was measured by the RA, who was trained by the project
physician (SE) to use the CO device to produce a valid
measurement.
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Secondary outcome measuresincluded: 7-day and 28-day point
prevalence of smoking behavior at 3 months; CO-verified 7-day
point preval ence at 4 weeks; and reduction in cigarettes per day
for those who are smoking at 3 months. Program acceptability
measures included how well intervention participants liked the
program and how likely they were to recommend it to others.
Participants were al so asked if they had suggestionsto improve
the program and, if so, what the improvement would be.

Covariatesincluded smoking behavior, quitting characteristics,
and psychosocial characteristics.

Smoking Behavior

Participants provided information about their smoking history
(eg, age at time of first cigarette) and smoking dependence [45].
Perceptions and norms related to smoking were queried using
items developed for research among Turkish smokers [46].
Participants were also asked questions about how different
triggers (eg, stress, when someone offers you a cigarette)
affected their smoking and about how difficult it was not to
smoke in various situations (eg, when with friends) [46].

Quitting Characteristics

At baseline, participants were asked how important quitting
was and how confident they were that they would be able to
quit smoking [47]. They also reported quit attemptsin past years
that lasted for 24 hours or longer, and whether or not they
planned to use an evidence-based quitting aid (eg,
pharmacotherapy). Reasons for quitting (eg, for family) were
gueried and a sum was created to reflect the total number of
reasons each person had for quitting [46]. Similarly, a sum of
10 different concerns about quitting (eg, | will be more stressed)
was created to reflect the total number of concerns participants
had about quitting [46]. Finally, we created a summary of good
(2 items) and bad (6 items) things about quitting (eg, | will be
proud when | quit smoking; | will be less social when | quit
smoking).

Psychosocial Characteristics

Social support is a significant factor in successful cessation
efforts [48]. The Multidimensional Scale of Perceived Social
Support [49] has 3 subscales: friends, a “special person”, and
family (eg, my family really tries to help me). Alcohol
dependenceis associated with decreased likelihood of cessation
[50]. We used the 4-item CAGE measure of alcohol use. CAGE
isan acronym for the four questions: (1) have you ever felt the
need to Cut down, (2) have people annoyed you by complaining
about your drinking, (3) do you ever feel Guilty about drinking,
and (4) have you ever felt you needed a drink the first thing in
the morning (an Eye-opener) [51]. We coded endorsement of
at least 1 of the 4 drinking-related experiences queried as
“problem drinking.”

Sample Size

We targeted a sample size of 150 participants for feasibility
reasons based on the project budget and timeline.
Randomization and M asking

Participants chose 1 of 2 identical mailing envelopes. Inside, a
slip of paper read either “SMS Turkey” (intervention group) or

http://www.jmir.org/2012/6/e172/
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“brochure” (control group). Neither the participant nor the
researcher knew which dlip of paper was in each envelope.

An imbalance favoring the intervention arm was detected after
approximately 100 participants were enrolled. The procedure
was then modified so that the RA pulled adlip of paper from a
hat that read either “SMS Turkey” or “brochure.” To ensure an
equal number of participants in each arm, the number of slips
of paper was equal to the number of placesthat remained inthe
intervention and control groups.

Participants were told that researchers had developed 2 different
programs to help people quit smoking and that the aim of the
study was to see if the programs help people quit. The
intervention of interest was not specified. Once allocated to a
particular arm, neither the RA nor the participant was blind to
the participant’s arm assignment.

Procedures

Participantswere recruited and randomized between December
14, 2010, and June 16, 2011, through in-person outreach at |ocal
shopping malls and advertisements in local newspapers.
Additionally, flyers were posted at Hacettepe University.
Smokersindicated their interest by either calling the study office
or speaking directly with the RA at the shopping mall. An
in-person meeting was then scheduled, during which the RA
explained the study, confirmed eligibility criteria, obtained
informed written consent, and collected baseline data. The RA
also set the participant’s quit day to be 15 days after enrollment.
This time frame was chosen to aign with the 14-day pre-quit
phase for those assigned to the intervention group, although a
quit day was set for all participants regardless of their arm
assignment. Given that participants needed to be seriously
thinking about quitting in the next 15 days to be eligible, this
quit date seemed to be acceptable to all participants. The RA
encouraged all participants who smoked 10 cigarettes or more
per day to consider pharmacotherapy, regardless of their study
arm.

Participants had contact with ahuman being during enrollment,
at 2 and 7 days after their quit day (intervention participants
only), at data collection follow-ups, and whenever there were
technology problems (intervention participants only). Research
incentives are not culturally normative in Turkey, so we did not
use them in our study.

Data Collection

The RA collected self-reported survey data and CO readings,
which detect cigarette smoking in the previous 24 hours, at the
study office at baseline, at 4 weeks after quit day, and at the
3-months follow-up point. We measured program acceptability
among intervention participants at 4 weeks. Thistime point was
chosen over the 3-month follow-up point so that participants
would have a stronger memory of the program experience.

Participants completed the survey online in a private room at
the study office. The survey was pilot tested for validity when
delivered online prior to the RCT: 75 adult smokers completed
the survey online and 75 completed a paper-and-pencil version
of the survey. Responseswere similar across mode (unpublished
data). If the participant could not cometo the office at follow-up,
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the RA queried smoking status over the telephone by asking
the same question included in the survey.

Statistical Analyses

Analyses were presented in 2 ways. Intent-to-treat (ITT)
analysesincluded all randomized individualsintheanalysis (al
participants|ost to follow-up were assumed to still be smoking).
Per-protocol analyses (PPA) included only participants who
completed the follow-up measures. It should be noted that PPA
is a self-selected sample. Therefore, results are no longer an
unbiased sample from a randomized trial. Non-responsive (ie,
decline to answer) repliesto variables included in the analyses
are imputed using best-set regression [52]. All variables have
less than 5% of data imputed. We used the “cs’ command in
Statato calculate therisk ratio and risk difference[52]. Research
suggests that the quitting process may be different for males
and females [53] and for heavy (20+ cigarettes per day) versus
light smokers[54], so we stratified the sample by each of these
2 characteristics and examined cessation rates by study arm.
Finally, to maximize dataand therefore increase power, we used
amarginal model with generalized estimating equations (GEE)
to estimate the popul ation-average odds of CO-verified quitting
across the 2 follow-up periods (4 weeks and/or 3 months) as a
function of being in theintervention versus control group, while
accounting for clustering in the data within person over time.
We assumed an exchangeable correlation is assumed and

http://www.jmir.org/2012/6/e172/

Ybarraet a

calculated robust standard errors. Baseline characteristics that
differed significantly between the intervention and control
groups were included in the GEE models. These adjusted
estimates are denoted as aOR (adjusted Odds Ratios). All
analyses were conducted using Stata 11 [52].

Results

Asshownin Figure 1, of the 247 people who expressed interest
in participating, 230 were eligible for the study. Reasons for
ingligibility included living outside of Ankara and having a
serious health condition. There were 79 peoplewho enrolled in
appointments but did not attended. A total of 151 adults (66%
of those eligible) attended the enrollment meeting, where they
consented to take part in the research study and were randomly
assigned to either the intervention or control group.

As shown in Table 2, the experimental groups were generally
well balanced on demographic, smoking, and quitting
characteristics. Exceptions were the control participants who
weresignificantly morelikely to report alow household income,
havefewer smoking triggers, have fewer difficulties not smoking
when faced with triggers, and identify less strongly with
negative things associated with smoking. Conversely,
intervention participants reported significantly higher social
support from their family and a “special person” in their lives
than control participants.
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Table 2. Sample characteristics by study arm (n=151).

Personal characteristics Control Intervention Statistical compari- P value
(n=75) (n=76) son
Mean (SD) Mean (SD)
or % (n) or %( n)
Der_nqgraphiccharac—
teristics
Age (range 19-62 years) 35.6 (10.3) 36.1(9.5) t149=-0.30 0.76
Female 32.0% (24) 46.1% (35) ¥21=3.1 0.08
Low income 49.3% (37) 30.3% (23) %21=5.7 0.02
(< 2000 Turkish lira per month)
Married 65.3% (49) 55.3% (42) ¥21=16 0.21
Low educational attainment 50.7% (38) 36.8% (28) X21:2-9 0.09

(high school education or lower)
Smoking characteris-

tics
Average number of cigarettes smoked per 20.4(9.2) 18.7 (7.2) t149=1.2 0.21
day
(range 7-40)
Ageat first cigarette 17.1(3.6) 17.5(3.7) t149=-0.71 0.48
(range 6-29 years)
Fagerstrom score 4.9 (2.5) 4.8(2.3) t149 =0.27 0.79
(range 0-10)
Smoking triggers 38.3(9.2) 41.9(7.3) t149=-2.7 0.01
(range 17-65)
Difficulty not smoking when faced with 32.4(7.8) 34.8 (5.8) t149=-2.2 0.03
stressors
(range 13-45) [46]
Good things about smoking 58(2.2) 59(2.7) t149=-0.43 0.66
(range 3-15) [46]
Bad things about smoking 33.1(8.0) 35.5(6.2) t149=-2.1 0.04
(range 8-40) [46]
Narghile smoking (ever in the past year) 24.0% (18) 25.0% (19) X2 1=0.02 0.89
Smoker living in the household 48.0% (36) 42.1% (32) X2 1=05 0.47
Quitting characteris-
tics
Importance of quitting to self (range4-10) 9.0 (1.4) 8.9(1.6) t149=0.37 0.71
(471
Confidence in one's ability to quit (range0- 6.0 (2.5) 6.0 (2.4) t149=0.00 0.99
10) [47]
Number of quit attemptsin the past year 24 (1.5) 24(15) t149=-0.09 0.93
(range 0-5+)
Number of reasons to quit (range 1-8) 2.7(17) 29(1.6) t149=-0.81 0.42
Number of concerns about quitting (range1- 3.5 (2.0) 3.9(1.9) t149=-1.3 0.20
10)
Good things about quitting (range 2-10) [46] 7.6 (1.9) 8.2(1.7) t149=-1.8 0.07
Bad things about quitting (range 6-29) [46] 18.3(5.1) 18.8 (4.8) t149=-0.64 0.52
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Personal characteristics Control Intervention Statistical compari- P value
(n=75) (n=76) son
Mean (SD) Mean (SD)
or % (n) or %( n)
P_I gnni ng on using a evidence-based quitting  34.7% (26) 31.6% (24) X2 1=0.2 0.69
a
Psych osocial char ac-
teristics
Social support from a*“special person” 14.9 (4.0) 16.1(3.6) t149=-2.0 0.05
(range 4-20)
Social support from family 15.7 (3.5 16.8 (3.2 t149=-2.0 0.05
(range 4-20)
Social support from friends 154 (3.1) 16.3(3.2) t149=-1.8 0.07
(range 4-20)
Problem drinking 29.3% (22) 40.8% (31) ¥21=2.2 0.14

Figure1l. SMS Turkey randomized controlled trial profile.

+

‘Assessed for eligibility = 247 ‘
/ ‘ Randomized = 151 |

Excluded = 96 |
Ineligible =17
Did not attend enrollment meeting = 79

/

‘ Allocated to intervention = 76

Received entire program: 71
Discontinued: 2
Never started: 3

Completed all 3 data collection periods = 29
Completed baseline + 4 week data collection = 12
Completed baseline + 3 months data collection =5
Lost to follow up (ie, completed baseline only) = 30

Analyzed =76

Cessation Results

At 4 weeks, 78% (n=59) of intervention group and 80% (n=60)
of control group participants provided cessation data. In
addition, 54% (n=41) of intervention group and 55% (n=41) of
control group participants provided CO data ()(21:0.008, P=.93).
Datafor the 12-week cessation and CO were available for 40%
(n=61) of participants: 45% (n=34) intervention group and 36%
(n=27) control group (x%4=1.2, P=.27).

http://www.jmir.org/2012/6/e172/

RenderX

T~

' Allocated to control = 75
Received control = 72
Discontinued =3

Completed all 3 data collection periods = 17
Completed baseline + 4 week data collection = 24
Completed baseline + 3 months data collection =10
Lost to follow up (ie, completed baseline only) = 24

‘Analyzed =75 |

Three-month cessation rates, based upon ITT analyses, were
statistically similar for the 2 arms: 11% intervention group
versus 5% control group (x*=1.4, P=.24; R? = 2.0, 95% ClI
0.62-6.3, Table 3). Results were similar when analyzed per
protocol: 24% (n=8) in theintervention group versus 15% (n=4)
in the control group (x%=0.72, P=.40; R*=1.6, 95% ClI
0.53-4.70). I TT-based popul ation average odds of quitting were
similar for those in the intervention group versus control group
(aOR=1.7, 95% Cl 0.72-4.04).

JMed Internet Res 2012 | vol. 14 | iss. 6 [e172 | p.189
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Ybarraet d
Table 3. Primary and secondary outcomes of the SM S Turkey trial.
PPA ITT andysis
Control Intervention  Relative Risk differ- Control Intervention  Relativerisk  Risk differ-
(n=27)  (n=34) risk ence (=75  (n=76) (95% Cl) ence
% (n) % (n) (95%Cl)  (95% ClI) % (n) % (n) (95% CI)
Primary outcome
CO-verifiedsuss 15 (4) 24 (8) 16(0.53- 0.09(-0.11- 5(4) 11 (8) 2.0(0.62-6.3) 0.05 (-0.03-
tained abstinence 4.7) 0.28) 0.14)
at 3 months
Secondary outcomes
CO-verified 7- 12 (7) 15(9) 1.3(0.52- 0.04 (-0.09- 9(7) 12 (9) 1.3(0.50-3.2) 0.03(-0.07-
day point preva- 3.3 0.16) 0.12)
lence abstinence
at 4 weeks?
Self-reported 7- 15 (4) 29 (10) 20(0.70- 0.15(-0.06- 5(4) 13(10) 2.5(0.81-7.5) 0.08(-0.01-
day point preva- 5.6) 0.35) 0.17)
lence abstinence
at 3 months
Self-reported 30- 15 (4) 24 (8) 16(0.53- 0.09(-011- 5(4) 11(8) 2.0(0.62-6.3) 0.05, (-0.03-
day point preva- 4.7) 0.28) 0.14)
lence abstinence
at 3 months

34-week PPA n=119 (ie, the 59 intervention and 60 control participants who provided cessation data at 4-weeks)

I nvestigation of Cessation Results by Important
Subpopulations

When the sample was stratified by biological sex (Table 4),
ITT-based quitting rates were similar for male intervention
group (7%, n=3) and control group participants (8%, n=4;
X%,=0.009, P=.93). Among females, however, intervention group
participants (14%, n=5) were significantly more likely to have
quit at the 3-month point than control group participants (0%,
n=0; x*,=3.7, P=.05). Population averaged odds suggested that
intervention group females were 4.5 times more likely to quit
than control group females (95% Cl 1.2-16.0), but no differences

http://www.jmir.org/2012/6/e172/

were noted for males (aOR=0.54, 95% CI 0.12-2.3). Data also
suggested that among light smokers, intervention group
participants (17%, n=5) were significantly more likely to have
quit compared to control group participants (0%, n=0; x21=5.3,
P=.02). Population averaged odds of quitting were over 4 times
higher for light smokersin the intervention group versus control
group, but the estimate was not significant (aOR=4.04, 95% CI
0.87-18.6). We did not note a difference in cessation rates for
heavy smokers (aOR=0.63, 95% CI 0.16-2.6). Females were
significantly more likely than males to be light smokers (58%
versus 27%, respectively; P<.001), suggesting considerable
overlap between females and light smokers.
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Table 4. Effect of SMS Turkey intervention on the primary outcome by subgroup.
PPA ITT analysis
Control Intervention Statistical compari-  Control Intervention Statistical compari-
(n=27) (n=34) son (n=75) (n=76) son
% (n) % (n) % (n) % (n)
Biological sex
Males (n=92) 24 (4) 17 (3) X21:0-261 8 (4) 7 (3) X21=O.009,
P=.61 P=.93
Females (n=59) 0(0) 31(5) XZ 1= 39, 0(0) 14 (5) X2 1=3.7,
P=.05 P=.05
Smoking intensity
Light mokgs 0(0) 33(5) X21=3-8, 0(0) 17 (5) X2 1=5.3,
(n=59; < 20 cigarettes per P=05 p=02
day)
Heavy smokers 22 (4) 16 (3) X21=0-251 9 (4) 7 (3) X21:0_15’
(n=92; 20+ cigarettes per P=62 P= 69

day)

Outcomesfor Participants Still Smoking at Study End

Among the 47 participants who provided dataand were smoking
at the 3-month follow-up, the average number of cigarettes
smoked daily by intervention group participants (mean 11.9
cigarettes, SD 7.7) waslower, but not significantly so, compared
to that reported by control group participants (mean 16.5, SD
9.9; 1,3=1.8, P=.09). On average, participants who were still
smoking at follow-up reduced their daily cigarette consumption
from baseline to the 3-months point by 5 cigarettes. However,
the reduction in cigarettes was not significantly different for
intervention group (mean 5.7, SD 7.3) versus control group
participants (mean 4.5, SD 8.9; t43=0.51, P=.61).

Intervention Acceptability

The intervention group had 2 people actively drop out: 1 no
longer wanted to be in the program and 1 was unreachable
because the phone number changed. The control group had 3
people drop out: 2 because they no longer wanted to be in the
program and 1 was unreachable because the phone number
changed.

Of the 59 intervention group participants who responded at the
4-week follow-up, 69% (n=41) said they somewhat or strongly
liked the program and 78% (n=46) were somewhat or very likely
to recommend the program to others. When asked what theideal
number of text messages per day would be, the average answer
was 5.5 (SD 3.8, range 1-20). The most common suggestion to
improve the program was to providein-person contact, followed
by the idea to provide psychological support. Other ideas
included talking more about both the benefits of quitting and
the dangers of smoking.

Technology Performance

The software program used to deliver the SMS Turkey program
was developed in 2009. Despite functioning well for the pilot
feasibility study [22], software challenges were severe enough
by the end of the RCT that 2 participants who were randomized

http://www.jmir.org/2012/6/e172/

to the intervention group could not start the program because
the messaging system had failed and could not be resolved.
Additionally, 1 person randomized to the intervention group
had a phone that was incompatible with the text messaging
software program and could not receive messages.

We encountered 2 serious issues with the software program
during our study. First, the software program failed to send at
least 1 program message to 58% (n=44) of intervention group
participants. Most of the affected participants (64%) missed
fewer than 5 intervention messages. Intervention participants
who missed 5 or more program messages were somewhat less
likely than those experiencing fewer interruptions to have a
CO-verified smoking status at 3-months: 5% (n=1) vs 12%
(n=7; x%,=0.75, P=.39).

Second, 66% (n=50) of intervention participants were sent a
duplicate text message at |east once during thetrial . Half (50%)
of these participants received 22 or more duplicate messages
(range 1-342 duplicate messages). Quitting rates were similar
for intervention participants who received any number of
duplicate text messages versus those who did not receive
duplicate messages (11% versus 9%, respectively; )(21:0.12,
P=.73). Furthermore, receiving duplicate messagesduring one's
quit day—which may be more disruptive in the quitting
process-was unrelated to smoking status at 3 months: 12% of
those who received duplicate messages within 2 days of their
quit day versus 12% of those who received duplicate messages
a some other time in the program had quit at follow-up
(x21=0.0001; P=.99). Six participantswere particularly affected
and received over 100 duplicate messages. Two of these
participants received over 300 messageswithin a 24-hour period.
Unexpectedly, the quit rate among these 6 participants was
significantly higher than that for other participants receiving

duplicate messages (50% vs 7%, respectively; x%,=9.3, P=.002).
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Discussion

Degpite the public health need to disseminate cost-effective,
evidence-based smoking cessation programs, there is a paucity
of research regarding the efficacy of these types of smoking
cessation programsin Turkey and other countries with cultures
that differ from the Western world. If we are to reduce
smoking-related morbidity and mortality on aglobal level, this
knowledge s critical in settings with high smoking prevalence
rates, such as Turkey [55,56]. Findings from the small-scale
RCT of SMS Turkey suggest that the intervention has the
potential to affect quitting rates at the 3-month point for women
and light smokers who live in Ankara and use text messaging.
Results need to be replicated in a well-powered RCT before
conclusions can be drawn. Given that literature suggests that
males and females have different quitting experiences [53], as
do heavy and light smokers [54], understanding which
subpopulations may benefit most from these types of cessation
servicesisan important aspect of thelarger public health efforts
to create an arsenal of evidence-based smoking cessation
servicesthat together can meet the varied needs of adult smokers
who want to quit.

It is possible that other factors aside from the intervention
content affected cessation rates. For example, although
participants were told that 2 potentially equal programs were
being tested, they may have been able to surmise that the text
messaging-based program was the program of interest. If true,
then perhaps participants in the text messaging-based program
were more motivated and those in the brochure-based program
were less motivated to quit. Because both groups received
information about quitting, it seems equally possible that the
participants believed the explanation that neither program was
known to be better and therefore did not have expectations that
the brochure should be inferior. Another potential influence on
behavior may have been theinteraction between theintervention
participant and RA at 2 and 7 days after quit day. Even though
the RA simply inquired about the participant’s smoking status,
this check-in itself could have had some therapeutic effect.
Indeed, it may be that text messaging programs that include
brief human interaction have enhanced results. This should be
studied further.

The SMS Turkey software program did not work as well as it
did during the 1-arm feasibility pilot 2 years previous. However,
it isinteresting to note that indicators of program acceptability
in this RCT are similar to those found in the previous study
[22]. No changes were made to the software program between
the time of the feasibility pilot and this RCT. Indeed, the lack
of change likely led to the problems. Both our SMS gateway
service and our remote server provider updated their software
program several times during the course of the seven months
we were in field. By June 2011, the software program had
stopped functioning altogether and the last 2 people allocated
to the intervention group never received program messages.
These challenges affected our participants. These problems also
affected our recruitment rates because we had to pause
recruitment several times to resolve the issues and get the
messaging system back on track. Technology isacost-effective
tool that has the promise of widely delivering public health
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programming. Nonetheless, our experience demonstrates the
need to ensureinfrastructure to keep thistechnology up to date.
Ongoing technology evolution means that constant updating is
necessary to keep software compatible.

Of the eligible participants, 34% did not attend the initial
enrollment meeting. Perhapsthey did not show up because they
were no longer interested in the program or reassessed their
readiness to quit smoking. It is possible, however, that they
were interested but could not attend because of other
commitments. Subsequent trials should consider offering an
online enrollment option to investigate whether this option
increases the enrollment rate among eligible smokers. Also, the
40% response rate at the 3-month point is suboptimal. This
response rate likely reflects the burden of needing to go to the
study office to complete study measures. It may also represent
the disengagement by intervention group participants who
experienced significant technology problems and by control
group participants who received minimal study contact. It is
possible that this low overal follow-up rate introduced
differential bias into the findings, but this seems less likely
given that dropout rates were similar between the intervention
and control groups. Futuretrials should consider using follow-up
strategies that do not require participants to come to the office
(eg, completion of the online survey a home or via text
messaging; mail-in saliva cotinine tests).

It should be noted that CO tests measure cigarette smoking in
the past 24 hours. If participants reported at the 3-month
follow-up that they had not had a cigarette since their quit day,
but they had actually had a cigarette only a week previous, it
would not be detected in the CO test. This limitation would
apply equally to control group and intervention group
participants, so it is unlikely that it affected the interpretation
of theresults. Moreover, areview of the literature suggests that
biochemical verification isunlikely to changetheinterpretation
of resultsin minimal contact interventions[57] such asusedin
this study.

Another important limitation is the study’s small sample size
and, therefore, limited power to statistically detect significant
differences. As a preliminary RCT, the primary aim was to
provide estimates of effect size that could be used to better
inform a power analysis for a larger tria. As such,
analyses—especially subanalyses—were underpowered. Also, the
original randomization technique did not seem to be assigning
participants to the study arms equally. Because the 2 arms are
balanced on most factors, it appearsthat all ocation conceal ment
was achieved. However, without a visual recording of each
enrollment meeting, there is no way to be absolutely certain.

Finally, compared to the national population of smokers in
Turkey [2], the study sample was more educated (eg, 32% of
smokers in Turkey have a university education, while 56% of
trial participants had auniversity education). Participantsin this
study also had a profile associated with greater smoking
addiction: more had their first cigarette when they were 15 years
of age or younger (19% of smokersin Turkey vs 32% of trial
participants), more smoked 20 cigarettes a day or more (15%
of smokers in Turkey vs 60% of trial participants), and more
smoked within 30 minutes of waking (38% of smokersin Turkey
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vs57% of trial participants). Future studies should aim to recruit
participants with lower educational attainment, and perhaps
those with less smoking addiction, to better understand how the
program affects smoking cessation in these groups.

Ybarraet a

provide further support for the hypothesis that, despite their
brevity, smoking cessation information can be effectively
communicated through a series of 160-character messages.
Future research should focus on understanding mechanismsthat

affect the efficacy of the SMS Turkey program with the aim of
eventually including it in the arsenal of evidence-based smoking
cessation programs available to Turkish smokers who want to
quit.

Conclusions

Data from this preliminary RCT provide reason for optimism
that SMS Turkey has the potentia to affect quitting
rates—especially for women and light smokers. These findings
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Abstract

Background: Most consider Twitter as atool purely for social networking. However, it has been used extensively as atool for
online discussion at nonmedical and medical conferences, and the academic benefits of this tool have been reported. Most
anesthetists still have yet to adopt this new educational tool. Thereis only one previously published report of the use of Twitter
by anesthetists at an anesthetic conference. This paper extends that work.

Objective: We report the uptake and growth in the use of Twitter, amicroblogging tool, at an anesthetic conference and review
the potential use of Twitter as an educational tool for anesthetists.

Methods: A unique Twitter hashtag (#WSM12) was created and promoted by the organizers of the Winter Scientific Meeting
held by The Association of Anaesthetists of Great Britain and Ireland (AAGBI) in London in January 2012. Twitter activity was
compared with Twitter activity previously reported for the AAGBI Annual Conference (September 2011 in Edinburgh). All
tweets posted were categorized according to the person making the tweet and the purpose for which they were being used. The
categories were determined from aliterature review.

Results: A total of 227 tweetswere posted under the#WSM 12 hashtag representing a530% increase over the previously reported
anesthetic conference. Sixteen people joined the Twitter stream by using this hashtag (300% increase). Excellent agreement (K
=0.924) was seen in the classification of tweets across the 11 categories. Delegates primarily tweeted to create and disseminate
notes and learning points (55%), describe which session was attended, undertake discussions, encourage speakers, and for social
reasons. |n addition, the conference organizers, trade exhibitors, speakers, and anesthetists who did not attend the conference all
contributed to the Twitter stream. The combined total number of followers of those who actively tweeted represented a potential
audience of 3603 people.

Conclusions: This report demonstrates an increase in uptake and growth in the use of Twitter at an anesthetic conference and
the review illustrates the opportunities and benefits for medical education in the future.
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Introduction

Twitter [1] is a mobile microblogging and social networking
service through which its subscribers can send and read small
text-based messages known as tweets. Tweets have a message
size limit of 140 characters based on the size of the Short
Message Service (SMS) messages used on mobile phones at
the time of Twitter's creation in 2006. Twitter is a technology
that still hasto be adopted by much of the anesthetic community.
Twitter is easily accessed through a number of platforms: the
Twitter website, applications (apps) devel oped for smartphones
and tablets, and through SM'S from mobile phones (in certain
countries). Less than half of the tweets posted are through the
Twitter website; most users prefer to use mobile apps on their
smartphones or tablets[2].

Although most consider Twitter primarily amethod of personal
communication, it is gaining traction in business and is
beginning to be used in academiafor many purposes, including
rapid sharing and dissemination of information and for citing
articles[3]. Organizers, del egates, and speakers at meetingsand
conferences have found tweeting to be beneficial in their own
domains and as a tool for online discussion [4]. This function
of Twitter is achieved by the use of a digital “backchannel,”
which is a nonverbal, rea-time projection of the tweet [5].
During digital backchannel use, the speaker presents in the
traditional manner in the “front” area, while the audience and
people distant from the meeting can communicate with one
another simultaneously by using the “back” area. This use of
Twitter and other social media has the potential to change the
health communications space associated with conferences.

There are only afew published reports of the use of Twitter at
medical conferences [5-12]. The only report in the anesthetic
literature describes an attempt by a delegate to use Twitter at
the Association of Anaesthetists of Great Britain and Ireland
(AAGBI) Linkman conference (September 2011, Edinburgh)
who failed to attract any tweets [13]. Despite this failure, a
further attempt to use Twitter for the AAGBI Annual Conference
(September 2011, Edinburgh) [13] was made by the same
delegate, and this time some spontaneous Twitter activity was
demonstrated with no involvement from the reference
conference organizers.

Theaim of this study wasto describe theintroduction and uptake
of Twitter a a major anesthetic conference with prior
involvement and support from the conference organizers and
analyze subsequent author use and purpose.

Methods

A hashtag (represented by the symbol “#") acts like ametadata
tag and can be used for searches of the word/phrase strings it

http://www.jmir.org/2012/6/e176/

precedes. This makes it possible to quickly and easily collate
the tweets being made at a particular conference, and even
certain topics at, or subdivisions of, that conference. A hashtag
(#WSM12) was crested by the AAGBI 6 weeks before the start
of their Winter Scientific Meeting held in London in January
2012. This hashtag was actively promoted by the organizers by
using their Twitter stream, on posters around the venue, and as
part of a PowerPoint presentation shown before each conference
session started.

All tweets containing the #\WSM 12 hashtag were recorded. This
record was commenced when the hashtag was first advertised
and continued 14 days post conference. Any tweets made under
the hashtag unrelated to the conference were excluded.

The tweets were divided into 3 main sections: (1) before the
congress, which included the period from December 3, 2011
(when the hashtag wasfirst advertised) up to 8:59 am on January
18, 2012; (2) during the conference, which included al tweets
posted during the conference from 9:00 am on January 18 to
5:00 pm on January 20, 2012; and (3) after the conference,
which included any tweets posted under the hashtag from 5:01
pm on January 20 to 12:00 pm on February 4, 2012.

The resulting tweets were analyzed to determine who was
tweeting, during which time period of the congress they were
tweeting, and to categorize the purpose of each tweet. These
categories were informed by a literature review [7,10,12,14]
and based on purpose of the tweet, not its content. The categories
werethen reclassified to be more representative of an anesthetic
conference and then subclassified. These methods of
classification relate to the 3 main sections: (1) before the
congress (Table 1); (2) during the conference (Table 2); and (3)
after the conference (Table 3). If there was any doubt as to the
category of the tweeter, the tweeter was contacted directly
through Twitter for confirmation.

In order to assessinternal reliability of the tweet classification,
the content of each tweet made during the conference was
independently scrutinized by 2 of the authors (DM and GC).
Each observer classified each tweet into one of the 11 categories
listed in Table 2 and the kappa statistic was cal cul ated to assess
internal agreement. A kappa value more than 0.75 denotes
excellent agreement; a value between 0.4 and 0.75 represents
fair to good agreement [15]. All analyseswere performed using
the SPSS version 17 (SPSS Inc, Chicago, IL, USA).

The Twitter profile of each contributor was viewed within 2
days of the end of the conference to record the number of
“followers” each tweeter had at that time. Any organizations or
individuals specifically mentioned in this paper have been
contacted to obtain their consent to display their Twitter profile
in this publication.
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Table 1. Tweets sent before the January 2012 Association of Anaesthetists of Great Britain and Ireland (AAGBI) conference.

Main category Subcategory Definition of tweet
Tweeter Purpose of tweet
Organizer Advertising By the AAGBI only advertising the event
Promoting By the AAGBI only promoting key sessions to be held at the conference
Potential delegates By anesthetists or anesthetic groups who might potentially attend the conference
Plans Concerning any plans being made to attend the conference
Advertising Actively promoting the conference

Trade
Speakers
Others

From anesthetic trade organizations, exhibitors, or their representatives
By any speakers at the conference who promoted their session

From any other people contributing to the Twitter stream

Table 2. Tweets sent during the January 2012 Association of Anaesthetists of Great Britain and Ireland (AAGBI) conference.

Main category Subcategory

Tweeter Purpose of tweet Definition of tweet

Organizer By the AAGBI only

Trade By anesthetic trade organizations, exhibitors, or their representatives

Speakers By any speakers at the conference who promoted, or discussed events during, their
session

Anesthetists By del egates attending the conference; by anesthetists not attending the conference

Others not in attendance

Notes or learning points

Discussion

Social

Which session am | going to?

Encouraging speakers
Poster
Questions

but contributing to the Twitter stream
Posting tweets which contained gems of information from atalk or aworkshop

Discussing matters at the conference directly with one another; posting controversial
or non-learning points from atalk

Personal discussions, socia events such as dinners, coffee and lunch breaks; social
posts made by the organizers

Tweets which described the session being attended stating the name of either the
talk and or the speaker

Tweets directed to speakers by way of encouragement or comment
Tweets about the posters on display
Tweets posing questions to speakers about their presentation

Tweets by people who did not attend the conference except where those tweets di-
rectly involved discussion and encouraging a speaker

Table 3. Tweets sent after the January 2012 Association of Anaesthetists of Great Britain and Ireland (AAGBI) conference.

Main category Subcategory Definition of tweet
Tweeter Purpose of tweet
All tweeters Continue discussions Tweets which continued discussions and/or displayed photographs or videos of

Thanks

Reflections

Advertising future meetings
Feedback
Statistics

talks from the conference

Tweetswhich expressed thanks to del egates, speakers or industry, or for the meeting
itself

Tweets mentioning the potential to use tweets posted as a method of reflecting for
revalidation

Tweets posted to advertise future meetings, symposia, or conferences
Tweets containing or requesting feedback for either the conference or the speakers
Any statistics from the meeting presented by the organizers
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Results

A total of 227 tweets were posted under the #\WSM 12 hashtag
during the 9 weeks of the study period surrounding the AAGBI
Winter Scientific Meeting in London. An additional 18 Twitter
posts from 12 people were not related to the Winter Scientific
Meeting and were excluded from the current analyses. All of
the excluded tweets related to a meeting involving Wireless
technol ogy usage that al so used the #WWSM 12 hashtag for a brief
period, but either changed to an alternative hashtag after
realizing the duplication or completed their discussion.

Sixteen people contributed to the Twitter stream by using the
#WSM12 hashtag. These 16 people consisted of the organizer
and the conference venue, 3 members of trade organizations, 3
delegates attending the meeting, and 2 speakers at the meeting.
The remaining 6 people who joined the Twitter stream did not
attend the meeting and they were either actively promoting the
meeting before the conference, contributing to discussion during
the meeting, or passively retweeting some of the tweets posted
by attendees.

McKendrick et al

The number of followersfor each of the people who contributed
to the Twitter stream for the #WSM 12 hashtag ranged from 3
to 8335 (Figure 1). The 16 tweeters had a combined total of
12,609 followers. Tweeters who contributed actively (access
their accounts more than once a month) to the Twitter stream
had 3603 followers. A retweet enablesthe user to share someone
else'stweet with all their own followers. A total of 32 retweets
were sent during the period of the conference and, of these, 28
were sent by tweeters who were actively contributing to the
Twitter stream and are also included in that group. Only 4 of
the retweets were sent by people who were not actively
contributing to the Twitter stream; these 4 people had a
combined following of 9006 contributing to a second tier of
amplification of the Twitter stream.

Of the tweets posted under the #WSM12 hashtag, 80.5%
(182/227) were sent during the conferenceitself, 14.5% (33/227)
were posted before the meeting, and 5.3% (12/227) after the
conference ended. Table 4 shows the results of the internal
reliability analyses on the 182 tweets sent during the conference.
Excellent agreement (k = 0.925, P<.001) was seen in the
classification of tweets acrossthe 11 categorieswith agreement
of the 2 raters on 95.1% (n=173) of the 182 twesets.

Table 4. Interobserver reliability of the different uses of Twitter during the conference.

Category Number of tweets coded

Observer 1 Observer 2
Organizers 29 28
Trade 5 5
Speakers 2 2
Notes or learning points 100 98
Discussion 8 12
Social 6 6
Which session am | going to? 21 19
Encouraging speakers 2 3
Posters 3 3
Questions 0 0
Not at congress 6 6
Total 182 182

Prior to the conference, the conference organizer posted the
most tweets. Almost half (15/33, 45%) of the preconference
Twitter stream was to advertise the hashtag and the conference,
and 6% (2/33) to promote sessions which would be happening
at the meeting. Potential delegates also advertised the meeting
and the hashtag and posted 27% (9/33) of thetotal preconference
tweets for this purpose. Another 6% of tweets (2/33) posted
related to plans potential delegates were making for the meeting.
A member of the anesthetic trade exhibitors also promoted the
meeting in atweset. A speaker posted atweet promoting asession
in which he would be speaking at the congress. Three other
organizations used the hashtag to retweet postings advertising
the meeting.

http://www.jmir.org/2012/6/e176/

During the conference, the organizers posted 15.4% (28/182)
of the tweets. They used this period of the conference to
welcome delegates and advise on registration, promote trade
exhibits, and to advise on various sessions and events happening
at the meeting including parallel sessions, poster sessions and
awards, and socia events (eg, the conference dinner). Thetrade
exhibitors at the conference posted 2.7% (5/182) of the tweets
sent during the meeting to advertise their wares and special
events happening at their stands. Speakers posted 1.1% (2/182)
of the tweets during the meeting, with one promoting their
session and the other advising of attendance and the quality of
questions at their session. Anesthetists either attending the
meeting, or not attending but directly contributing to the Twitter
stream, posted 76.9% (140/182) of the tweets sent during the
conference. Over half (100/182, 54.9%) of the tweets posted
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during the actual meeting were notes or learning points from
various sessions at the conference. A total of 11.5% (21/182)
of the tweets posted described which session people were
attending, and 4.4% (8/182) of the tweets were made as a
method of discussion between delegates about sessions or
previously posted tweets. This discussion was joined by an
anesthetist who was not able to attend the meeting. Only 3.3%
(6/182) of the tweets posted related to conference social events
and interactions. Another 1.6% (3/182) of the tweets related to
the poster session, and 1.1% (2/182) provided support for
speakerswho were about to give apresentation. A total of 3.8%
(7/182) of the tweets posted were sent by people not attending
the meeting and not actively contributing to the Twitter stream
by retweeting messages from the conference. There were no
tweets posted which asked questions of any of the speakers.

There were 12 tweets posted after the conference. One-third
(4/12, 33%) of the tweets were used to continue discussions

McKendrick et al

started at the conference. A further 4 tweets (33%) were by way
of thanks from the organizers, venue, trade, and from an
anesthetist who had not attended the meeting, but appreciated
the learning points generated in the Twitter stream. Another 3
tweets (25%) promoted the use of the learning points
documented within the Twitter stream asamethod of reflection
for the purposes of revalidation. A further tweet was posted by
the organizersto advertise a future meeting (1/33, 3%).

The pattern of tweeting by each of the main groups around the
conference is shown in Figure 2. The organizers posted most
of the tweets before and after the conference. The delegates
started to post large numbers of tweets on the second and third
day of the conference asthey gained confidencein the technique
(personal communication from del egates). The trade exhibition
representatives tended to post their tweets advertising their
products and their stands early on during the meeting.

Figure 1. The number of people following each of the 16 people who tweeted at the January 2012 Association of Anaesthetists of Great Britain and

Ireland (AAGBI) conference.
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Figure 2. Pattern of tweets posted by the various groups of tweeters stratified by timing of the tweets. Each group is subdivided to show how many
tweets they posted before the conference (Before), on which of the 3 days during the conference (day 1, day 2, and day 3), and after the meeting (After).
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Thisisthefirst report to describe the uptake and use of a Twitter
stream as an integral part of the communication structure of an
anesthetic conference. The total number of 227 tweets posted
under the #WSM 12 hashtag represents a 530% increase over
the 36 tweetsthat “ erupted” spontaneously at the 2011 AAGBI
conference as reported by McKendrick [13]. Sixteen people
contributed to the Twitter stream by using the #\WWSM 12 hashtag,
a 300% increase over the 4 people who spontaneously tweeted
at the previous conference [13]. Although overall numbers are
small, these increases become even more significant when one
considers that the total attendance at this conference of 655
delegates was 16% less than the 781 delegates who attended
the 2011 AAGBI conference as reported by McKendrick [13].

Although the number of people joining the Twitter stream is
low (2.4% of the total number attending the conference), this
isin keeping with previous studies surveying academic activity
on Twitter [16]. Furthermore, this percentage may actually be
representative of anesthetists who use Twitter—arecent survey
of AAGBI membersreported Twitter usage of 8% [17] and only
60% of Twitter account holders are active [18]. Despite these
small numbers, our findings are similar to those previously
described at both medica and nonmedical conferences[5-12,14)].
Twitter usage has grown in a viral manner and has more than
200 million accounts with the number of daily tweetsincreasing
by 110% during 2011 to more than 230 million tweets per day
[18]. The AAGBI membership survey [17] would suggest that
anesthetists have yet to embrace the exponential adoption of
this new technol ogy.

Internal reliability analyses of our classification of tweets during
the conference showed a dstatistically significant level of
intracbserver agreement that suggests that our classification
system was robust.
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There are many waysto use Twitter at amedical conferenceto
enhance the experience for both those at the conference and
those unable to attend. Each conference should have a Twitter
profile, as should the organizer. These profiles should be
promoted well in advance to maximize the number of followers,
and the usefulness, of Twitter at the conference. Conference
organizers should also agree on a hashtag in advance and
publicize it extensively with members. The hashtag should be
as short as possible to leave as much of the 140 characters for
the message itself.

The conference organizers used Twitter effectively during the
period before the conference to generate excitement and interest,
advertise keynote presenters and workshops, and to guide
delegates about registration details as illustrated in Figure 3.
Attendees did not use Twitter before the conference to plan their
trip, accommodation, coordinate their arrangements, or share
information with colleagues [14]. Reasons could include the
low number of Twitter users and Twitter naiveté, and thisisan
areafor conference organizersto consider in the future.

Most of the tweets were sent during the congressitself. Twitter
usage was not maximized by the organizersto update del egates
on last-minute changes or to remind participants of parallel
sessions or additional sessions, such as sponsored lunchtime
meetings. Attendees at the conference used Twitter to take notes
from presentations (as illustrated in Figure 4). Because of the
small length of tweets, these usually take the form of learning
points or salient messages [19-22]. This can be a useful way to
remember the little gems of information learned at a congress.
Looking at what other people at the congress tweeted or
retweeted can further reinforce the “real” learning points from
each talk or session [12].

Questions were not posted by any of the Twitter stream
contributors to the #WSM12 hashtag probably because of the
small numbers involved, but also because systems for posting
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guestions to the presenters had not been arranged by the
organizers of the conference nor advertised to the delegates of
the meeting in advance. Questions could have been posted by
attendees or by people who were not at the meeting who might
have questions relating to information posted on tweets. This
could have led to a Twitter debate to argue, discuss, seek
clarification, and post questions and answers during a
presentation. Thisisusually done on mobile devices during the
talk, and is often far less disruptive than whispering to one's
neighbor. The tweets for a particular talk can be collected
together and displayed on a Twitter Wall, whichisalive display
of current tweets for that particular session. Although this can
provide a useful means of discussion and posting questions, it
can be distracting for speakers and is occasionally subject to
abuse [10] and, therefore, not recommended. Perhaps a better
option may beto display alist of questions generated on maobile
devices during the session at the end of that ontouseasa
basis for discussion. By viewing posts, asking questions, and
joining discussions, Twitter can even alow delegates to
participatein parallel sessionsat the sametime[14]. Discussion
points were not used at all in the 2011 AAGBI conference as
reported by McKendrick [13]; however, several points of
discussion were raised at this conference.

The speakers used Twitter to promote their topic or take-home
messages under the #AWSM 12 hashtag (asillustrated in Figure
4), but no questions were posted by delegates for them to
respond to. There was also no feedback from the delegates to
the speakers through tweets on their presentation, in which
comments about the composition and legibility of slides, for
example, could influence future presentations [12]. This is
known as self-correction. However, occasionally the opposite
can occur with a perpetuation of the original error [7].

Twitter has a maximum time limit of 10 days on its search
facility. The tweets can still be found in each individual user’s
account, but can no longer be easily grouped together by using
the search function. Therefore, it is imperative to create an
archive of the Twitter Search results well in advance of this
expiry time if one plans to use Twitter as a means of record
keeping [23].This method of record keeping was suggested by
some of the tweets posted under the #WSM12 hashtag (as
illustrated in Figure 4) for the purposes of recollection,
continuous professional development [8], and demonstrating
reflection during the meeting for revalidation.

Twitter can be further used as a method of amplifying the
congress to awider audience. Tweets posted by delegates can
be read by people who were not present at the meeting, who
then in turn retweet the message to their followers, creating a
second tier of information spreading. This retweeting can
continue for many tiers. Some Twitter users have hundreds of
thousands of followers and information can be disseminated
very quickly over a short span of time.

The tweeters who contributed actively to the Twitter stream in
this study presented a potential audience of 3603 people as a
first tier of information spreading. A second tier of information
spreading, or amplification, was demonstrated in this report by
4 tweeterswho did not actively contributeto the Twitter stream,
but who retweeted #WSM12 tweets to their 9006 followers.

http://www.jmir.org/2012/6/e176/
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These 4 tweeters only represent a small proportion of the 3603
first-tier followers, therest of whom potentially could a so have
retweeted to all their followers creating a“viral” dissemination
of the message to a much larger audience than the 9006
demonstrated in this study. However, this assumption
presupposesthat al auser’sfollowersare still active on Twitter,
and that thereis alow rate of redundancy.

Before the conference, in addition to the organizer, 3 other
tweeters contributed to the advertising of the congress by
retweeting tweets that promoted the conference. These 3
tweeters included the conference venue, a major London
publicity organization, and an anesthetic blogger. These 3
organizations had a combined following of 10,894, which
provided a significant boost to the advertising power of the
organizers and enhanced the promotion and awareness of the
conference.

The social element of Twitter could have been better used.
Although messages relating to the official conference dinner
were posted, no tweetsrelated to lost-and-found items, unofficial
socia events and dinners, tips for accommodation, or placesto
go for food and entertainment were posted. |n addition, physical
meetings could have been arranged with other tweeters at a
conference (a“tweetup”).

The final session of the conference should not be seen as the
end of that conference's Twitter stream. This report
demonstrates an enhanced use of Twitter after the congress,
with 12 tweets being posted compared to 1 tweet in the 2011
AAGBI conference, asreported by McKendrick [13]. Thetweets
posted displayed the ability to continue discussions previously
started at the conference, advertise future meetings, thank
attendees, thank colleagues for posting useful information, and
illustrating methods of using the Twitter stream for revalidation.
To achieve maximum potential from the postconference period,
the organizers of the meeting could al so have gathered feedback
from the delegates, posted interesting statistics, and reflected
on various aspects of the conference [14].

Although there are many advantages to Twitter, there are some
potential pitfalls. Twitter collects personal information about
its users and shares that information with third parties. Third
parties can search for characteristics and thereby target users
on the basis of their Twitter history and content. Advertisers
have even been known to quote users tweets in their
advertisements[24]. Although Twitter did not initially advertise,
in 2010 it introduced a veiled form of advertising called
“promoted tweets’ [25].

By default, all tweets are made public unless an individual
changes the settings or sends the message as a direct message.
Asanindividua posting tweets, it is critically important not to
broadcast any information or views on Twitter that might
conflict with or defame employers, colleagues, students,
academics, researchers, and other University stakeholders[26].
Although it is possible to delete a tweet, often the damage has
already been done by that stage. It is essential for those in the
public eye to manage their online reputation with great care,
and there have been several recent high profile cases paraded
in the media for Twitter indiscretions.
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Health care professional s have concerns about the use of Twitter
that need to be addressed, including patient, personal, and other
health care professional’s privacy. Such concerns are
increasingly being recognized and discussed [27], and guidance
is now being produced by organizations such as the British
Medical Association to provide practical and ethical advice to
assist doctors [28]. Conference organizers have an obligation
to educate participants about Twitter etiquette, protecting their

McKendrick et al

In conclusion, thisisthe first report to describe the uptake and
use of aTwitter stream asan integral part of the communication
structure of an anesthetic conference. The usage of Twitter at
the 2012 AAGBI Winter Scientific Meeting closely followed
trends described for other medical and nonmedical conferences.
Therefore, Twitter has potential to be a useful tool at future
anesthetic conferences, but there are pitfalls that should be
recognized.

personal identity, and appropriate legal and ethical
considerations.

Figure 3. A selection of tweets posted by the conference organizers before the conference demonstrating the use of Twitter.

Tweet wnr’\.hasl:ntao #WSM12 in the run up to, during & after our London conference on 18-20 January
http://t.co/pwq1nHzP - Share your thoughts

AAGBI1D:

A jam- packed #WSM12 covermg pharmacology perioperative medicine, paediatrics & obstetrics.
View programme http://t.co/2i0kNw1s

AAGBI1 ) 2:01prr

9 days until #WSM12 Have you booked your workshops on regional anaesthesia, CPX, paediatric
emergencies & ACCEA? http://t.co/cCoEKKFN

AAGBI1.:

A hive of actwlty @TheQElICC for set up of #/WSM12. Not too late to register tomorrow morning for
the Core Topics Day http://t.co/KOQhdRw4

Figure 4. A selection of tweets posted during the January 2012 Association of Anaesthetists of Great Britain and Ireland (AAGBI) Winter Scientific
Meeting. Top: The use of Twitter to post alearning point; Middle: atweet posted by a speaker; and Bottom: part of a discussion suggesting the use of
tweets as aform of reflection for revalidation purposes.
drspikes.Ja 9:40am via TweetDec
#WSM12 #A4AS TAP blooks can reduce morphine requirements in major surgery including
prostatectomy and LSCS for up to 48 hours.

BGSMDS .z 39al for A
@AAGBI1 Speaklng about #Parkmson S dlsease and#anaesthesia at 9:50 #wsm12

®

e T

doug_mckendrick.a

@drspikes You can use the tweets you posted at #WSM12as evidence
of #reflection for #Revalidation. @AAGBI1. Please RT if u agree.
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Abstract

Background: There are 600,000 new malaria cases daily worldwide. The gold standard for estimating the parasite burden and
the corresponding severity of the disease consists in manually counting the number of parasites in blood smears through a
microscope, a process that can take more than 20 minutes of an expert microscopist’stime.

Objective: Thisresearchteststhefeasibility of acrowdsourced approach to malariaimage analysis. In particular, weinvestigated
whether anonymous volunteers with no prior experience would be able to count malaria parasites in digitized images of thick
blood smears by playing a Web-based game.

Methods: The experimental system consisted of a\Web-based game where online volunteers were tasked with detecting parasites
in digitized blood sample images coupled with a decision algorithm that combined the analyses from several players to produce
an improved collective detection outcome. Data were collected through the MalariaSpot website. Random images of thick blood
films containing Plasmodium falciparum at medium to low parasitemias, acquired by conventional optical microscopy, were
presented to players. In the game, players had to find and tag as many parasites as possible in 1 minute. In the event that players
found all the parasites present in the image, they were presented with a new image. In order to combine the choices of different
playersinto asingle crowd decision, we implemented an image processing pipeline and aquorum algorithm that judged aparasite
tagged when a group of players agreed on its position.

Results: Over 1 month, anonymous players from 95 countries played more than 12,000 games and generated a database of more
than 270,000 clicks on the test images. Results revealed that combining 22 games from nonexpert players achieved a parasite
counting accuracy higher than 99%. This performance could be obtained also by combining 13 games from players trained for
1 minute. Exhaustive computations measured the parasite counting accuracy for all players as afunction of the number of games
considered and the experience of the players. In addition, we propose amathematical equation that accurately modelsthe collective
parasite counting performance.

Conclusions: Thisresearch validates the online gaming approach for crowdsourced counting of malaria parasites in images of
thick blood films. Thefindings support the conclusion that nonexperts are ableto rapidly learn how to identify thetypical features
of malaria parasites in digitized thick blood samples and that combining the analyses of several users provides similar parasite
counting accuracy rates as those of expert microscopists. This experiment illustrates the potential of the crowdsourced gaming
approach for performing routine malaria parasite quantification, and more generaly for solving biomedical image analysis
problems, with future potential for telediagnosis related to global health challenges.

http://www.jmir.org/2012/6/€167/ JMed Internet Res 2012 | vol. 14 | iss. 6 [e167 | p.207
(page number not for citation purposes)


mailto:maluengo@die.upm.es
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2012;14(6):€167) doi:10.2196/jmir.2338

Luengo-Oroz et d

KEYWORDS

Crowdsourcing; Malaria; Image Analysis, Games for Health; Telepathology

Introduction

Crowdsourcing methodol ogies |everaging the contributions of
citizen scientists connected viathe Internet have recently proved
to be of great value to solve certain scientific challenges
involving “big data” analysisthat cannot be entirely automated
[1]. In the GalaxyZoo project, citizen scientists classified
imagery of hundreds of thousands of galaxies drawn from the
Sloan Digital Sky Survey and the Hubble Space Telescope
archive [2]. Crowdsourced contributions can be achieved with
different motivation strategies, such as micropayments or games.
The " serious games’ concept refers to an intention not only to
entertain users, but also to train or educate them [3]. The
“gamification” [4] of the crowdsourcing approach enables a
higher motivation of the participants and, using the Internet as
a vehicle, untaps an underexploited resource for scientific
research [5,6]: it is estimated that 3 billion hours per week are
spent playing computer and videogames worldwide [7]. For
instance, Fold-It, an online game where players solve
3-dimensional puzzlesby folding protein structures, hasresulted
in several breakthrough scientific discoveries [8-10]. Another
recent growing trend is the use of crowdsourcing techniques
for participatory health research studies in which individuals
report in real timeavariety of health conditions[11], providing
a promising complement to traditional clinical trials.
Considering crowdsourced image analysis, collective processing
has been recently explored for earthquake damage assessment
from remote sensing imagery [12]. However, this methodol ogy
has not yet been mainstreamed for biomedical image analysis.

In this context, analysis of microscopic images of
malaria-infected blood samplesisan appealing goal. Worldwide,
there are more than 200 million malaria cases and approximately
800,000 deaths annually, mainly in children [13,14]. Careful
optical microscopic examination of a well-stained blood film
remains the gold standard for malaria diagnosis [15].
Confirmation of a negative diagnosis is ultimately dependent
on the technician’s expertise and can take up to 20 minutes. In
addition, as malaria prevalence decreases in one specific place
over time, microscopy technician skills may now be needed in
other regions. Fast, cheap, ubiquitous, and accurate diagnosis
is a priority in the Agenda for Malaria Eradication [16].
Although automated processing methodol ogies have been used
extensively for the analysis of digitized blood smears[17,18],
currently there are no completely automated image processing
systems that can achieve perfect parasite recognition [19-24].
The main problem in computer-aided malaria diagnosisis that
algorithms are usually not very robust with respect to the
variable appearance of the parasites and changing image
acquisition conditions.

The goal of this research was to test the feasibility of a
crowdcomputing approach for malaria parasite quantification
in which nonexperts count parasites in digitized thick blood
smearsthrough an online game (crowdsourcing) and adecision

http://www.jmir.org/2012/6/e167/

algorithm combines the data generated by several playersin
order to achieve a collective detection with a higher accuracy
rate than an individual anaysis. This idea—gaming for
distributed malaria image analysis—has been also explored in
a recent study by Mavandadi et a [25], in parald to and
independently of thisstudy. Theseresearchersdesigned avideo
game and a processing pipeline to investigate whether
nonexperts can assess if a single-cell image extracted from a
digitized thin blood sample is infected with malaria or not.
Although this study and the present research share a similar
vision and goal, the research questions posed and solutions
adopted differ substantially in terms of the data analyzed, the
nature of the participants, the main task required of them, and
the processing methodol ogies.

The proposed system in this study provides a new tool for
parasite counting, but not malaria diagnosis, which is a more
complex problem [26]. For this purpose, the microscopist
protocol will need to be translated completely into a gaming
protocol, including assessing the presence or absence of
parasites, the parasite species, and growth stages and prognostic
markers, such as schizonts or gametocytes, or pigment load. In
the long run, crowdsourced remote telediagnosis from images
acquired with optical microscopy and distributed worldwide
through the Internet and possibly with systems that integrate
the microscope into mobile phones [27,28], might have a
potential impact for malaria-endemic countries because
diagnosisavailability and its cost could be optimized. However,
in addition to the need for conventional |aboratory processing
and imaging equipment to prepare the material to asufficiently
high standard, this kind of anaysis will require a
communications infrastructure with enough bandwidth to
distribute the images over the Internet and a critical number of
online participants in order to ensure timely analysis of the
images.

Thiswork presents a proof-of-concept system that exploresthe
feasibility of an online game-based, crowdsourced solution for
malaria parasite quantitation in digitized images of thick blood
smears.

Methods

We selected an image database of malaria-positive blood films
that had been previously analyzed by experts to generate gold
standards. These images were then incorporated into an online
game. The player’s task was to click on the parasites. When a
player found al the parasites present in 1 image (constituting
a level) within a limited amount of time, the game continued
by presenting a new image. Otherwise, the game was over. All
the players clickswereregistered in adatabase. After 1 month,
all the collected data was preprocessed in order to group all the
clicks that players placed around the different objects in the
image: parasites, white blood cells (leukocytes), and background

JMed Internet Res 2012 | vol. 14 | iss. 6 [e167 | p.208
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.2338
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

noise. Finally, an algorithm that combined the different games
to increase accuracy was developed and evaluated.

Ethics Statement

The malariaimages used in this research were previously used
to evaluate automated image analysis methods [20]. Original
blood samplesand resultant test images were collected and used
with ethical approval from the Human Research Ethics
Committee (Medical), University of the Witwatersrand,
Johannesburg, South Africa (protocol humber M051126). No
new ethical review board approval wasrequired sincethedigital
images used in our work were not linked to any patient data or
diagnosis and were digitally shared for microscopic training
evaluation purposes. The data analyzed in this research were
anonymously produced by online volunteerswho agreed to play
an Internet game. The participantswereinformed of theresearch
purposes of the game on the game webpage.

Image Database

Theimage database was compiled from 28 Giemsa-stained thick
films made from blood infected with malaria (Plasmodium
falciparum) parasites, acquired using a 50x objective in a
conventional laboratory optical microscope. Medium to low
parasitemia images were selected for the game because of its
design (1-minute games) and the fact that discrepancies between
automati c counting methodol ogies and manual expert counting

http://www.jmir.org/2012/6/e167/
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tend to be greater in low parasitemia cases. A gold standard
mask image was generated for each of the 28 imagesto evaluate
player performance.

Game Architecture

The objective of the MalariaSpot game was to tag as many
parasites as possible in an image in 1 minute. The
instructions—what isaparasite and what it is not—were briefly
explained in the splash screen of the game website (Figure 1a).
During the game, if the player found all the parasitesin 1image
in the allowed time, a new image was presented (Figure 1b).
Therefore, a player could analyze severa images (levels) in a
single game. In order to reinforce the game’s addictive nature,
the players were given continuous feedback: each click was
compared with the gold standard and an icon was placed
immediately at the tag position to indicate acorrect or incorrect
selection. In addition, if the player misidentified an object and
clicked in awrong location (eg, on aleukocyte), the player was
penalized by reducing the remaining time avail able to solve the
level. Playerswere confronted with different, randomly selected
test images. The difficulty of the levels increased as the time
penalty for wrong tags grew with each level. As a motivation
strategy, at the end of the game players were invited to register
and provide their name, email address, and country in order to
be included in the table of high scorers depicting the top daily,
weekly, and monthly players.
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Figure 1. MalariaSpot example screens and player distribution. (a) Splash screen of MalariaSpot game website showing the game instructions. (b)
Example of MalariaSpot game screen. (c) Map showing the geographic distribution of players during the evaluation period (the darkness of the country

is proportional to the number of visits).
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Data Collection

The MalariaSpot game webpage was launched on April 25,
2012 (World Malaria Day). During the following month, more
than 6000 playersfrom 95 different countries (Figure 1c) visited
the game webpage according to the number of Internet Protocol
(IP) addresses reported by Google Analytics, although the actual
number of playerswas probably larger because those connecting
from big ingtitutions, such as universities, share the same IP
address and other players may have blocked the Google
Analytics script. Online volunteers played a total of 12,105
games that resulted in the analyses of 20,049 images and
generated a database of 270,207 tags. Socia media was the
main traffic source; approximately 30% of the playersoriginated
from a Facebook link and 30% came from a Twitter reference.
Most of the remaining visits were through links in digital
newspapers and blogs, especialy from Spanish-speaking
countries.

http://www.jmir.org/2012/6/e167/

RenderX

Data Preprocessing

All the players' clicks were saved into a database containing
the user identification number, image identification number,
X-position and y-position on the game screen, time of the click
(from the start of the level), and whether the click was on atrue
parasite or not (see Figures 2a-d and Multimedia Appendix 1).
In a preprocessing step, we generated a binary matrix, 1,(g,p),
for each test image n, where each row g contains a different
game and each column p corresponds to a parasite. A value of
1atacertain position, 1,(g;,p;) = 1, meansthat the parasite with
index j has been clicked in the gamei. Otherwise, 1,(g;,p;) = 0.
The number of rows is the number of games that have been
played at each test image n. The number of columns corresponds
to the number of parasitesfor agiven level in the gold standard
plus the number of phantom parasites. We defined a phantom
parasite as an object in the image that is not a parasite and that
has been tagged by > 1 players. The phantom parasites were
defined in order to group together all the clicksthat were around
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the same position, but not on theidentical pixel (eg, al theclicks
that were inside a leukocyte were considered to be pointing at
the same phantom parasite). An image processing pipeline that
grouped together clicks that were at a distance of less than the
typical parasite size was implemented in order to generate all
the connected components in each image that corresponded to
phantom parasites (Figure 2c). Therefore, the output of this

Luengo-Oroz et d

preprocessing stage consisted of 1 binary matrix per test image
that characterized the performance of al the games played for
each image. Additionaly, filtered versions of these matrices
were created by selecting only the data from gamesin which at
least 1 level was completed, 2 levels were completed, and so
on.

Figure 2. Crowdsourced image analysis of thick blood film infected with malaria. (a) Test image analyzed in the game. (b) Gold standard image in
which each label corresponds to a parasite. (c) Aggregation of gamer’s clicks where green regions correspond to correctly tagged parasites and red
regionsto players’ mistakes. (d) Gamers' clicks superimposed on raw image.

Collective Par asite Detection: Quorum Algorithm

A critical aim of this research was to show how individual
nonexpert analysis can be combined to achieve higher accuracy
rates. In order to combine the games of several players and
produce a single “detection,” we implemented a quorum
algorithm. The output of the quorum collective detection festures
all theimage objects (both true parasites and phantom parasites)
in one image that have been tagged in at least X individual
games out of alarger group of Y games (Figure 3). Theideais
simple: an object is considered in the collective detection if it

http://www.jmir.org/2012/6/e167/

has been tagged (“voted”) inat least X out of Y (X <Y) games.
Typically, when the quorum value increases, there are fewer
true positives and false negatives. In order to evaluate the
performance of different group sizes and quorum values, we
randomly selected 1000 subsets of games per (X,Y) couplewith
a maximum group size of Y = 30 games. For each individual
subset of Y random gamesin 1 image, the collective detection
performance was measured for all quorum values of X <Y.
Performance eval uation was al so measured taking the subset of
games that passed at least level 1, level 2, level 3, and level 4.
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Figure 3. lllustrative example of the quorum algorithm. Parasite detection results on test image obtained from the combination of 4 games processed

with different quorum values.

a
TEST IMAGE PARASITES MASK
. : .
GAMES GROUP SIZE =4
GAME “A” GAME “B”
GAME “ GAME “D” —_
Results

Out of atotal of 270,207 clicks, 78.65% tagged atrue parasite.
Analysis of the levels reached by the players reveals that
approximately one-third of the playerswere ableto find all the
parasitesin an image, independent of the level (see Figure 4d).
Additionally, once players successfully completed level 5, they
became game experts and no longer followed the 1 in 3 chance
of passing to the next level—they could complete as many as
22 levels (achieved by the best player so far). Interestingly, the
overall number of clickson each of the parasitesin 1 image was
similar, meaning that although 2 of 3 players usually did not
complete the level, al the parasites were equally difficult to
identify (Figures 4a and b). This fact was corroborated in a
special case for image 1D6, where the probability of tagging
one particular phantom parasite was as high as the typical
probability for a true parasite. A further look into the gold
standard revealed that, in fact, this phantom parasite was atrue
parasite that was not included in the gold standard by mistake
(Figure 4c).

We performed an exhaustive eval uation of the collective gamers
performance using the quorum algorithm evaluated 1000 times
for al group sizes ranging from 1 to 30 games over each of the
test images under the different training conditions (completing
1 level can be considered as a 1-minute training) (Figure 5a).
Results show amonotone smooth behavior for the true positive

http://www.jmir.org/2012/6/e167/

GAMES AB,C,D AGGREGATED

QUORUM= 2 VOTES OUT OF 4
TP=80%, FP=40%

QUORUM= 1 VOTE OUT OF 4
TP=100%, FP=60%

QUORUM= 4 VOTES OUT OF 4
TP=20%, FP=0%

QUORUM= 3 VOTES OUT OF 4
TP=60%, FP=0%

(TP) and false positive (FP) rates depending on the group size
and quorum value: the bigger the group size or the smaller the
guorum required, the more true parasites were tagged and the
higher the TP rate, but also more phantom parasites were
collectively tagged, increasing the FPrate (Figure 5b). Analysis
of the discrimination index (DI) function (DI =TP—-FP)
revedled that there was an optima quorum number that
maximized the DI for each group size (Figure 5¢). For instance,
the optimal quorum value was 3 for a group size of 7 games
(randomly chosen among all games) achieving a DI = 90%,
whereas the optimal quorum for a group of 10 games was 4,
providing amean DI = 95%. When comparing the performance
of the collective analysis based on the training time (levels
completed), we observed a clear dependence between training
and DI (Figure 5d). The number of games needed to be
combined in order to achieveaDI = 99% was 22, 13, 10, 9, and
4, respectively, for the subset of games that successfully
completed 0, 1, 2, 3, and 4 game levels.

Themaximum DI for each group size (obtained with its optimal
quorum value) at al training levels was fitted to a model
equation DI = f(group size, training time) using the scientific
data mining software Eurega[29]. A multivariate optimization
process was used to find the following collective detection
equation:

DI (group traini ng) =1- e—(alpha+ beta group + gamma group training)
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where group sizeranged from 1 to 30 games and the coefficient

of determination (R%) goodness of fit with (alpha=0.69,
beta=0.24, and gamma= 0.13) is greater than 0.97 for each
training value {0,1,2,3,4} levels (or minutes) (Figure 6). This
equation highlights the product groupliraining, meaning that
the accuracy increase provided by adding 1 game to the group
size can almost be compensated (the term betaldroup varies
when increasing the group size) by 1 minute training or vice
versa.

http://www.jmir.org/2012/6/e167/
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We a so evaluated the collective performance detection against
the automated image recognition methodology presented by
Frean [20]. For each image, we cal cul ated the minimum number
of gamers needed to perform as well as the automatic system
and we found that it was reguired to combine 7.2, 4.6, 3.9, 3.0,
and 2.3 games, respectively, from the subset of players that
successfully completed 0, 1, 2, 3, and 4 game levels (see
Multimedia Appendix 2).
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Figure 4. Individual gamer’s performance. (a) Tagging probability for true parasites and phantom parasites on image ID1 based on al games. (b)
Tagging probability field superimposed on raw image. True parasites (gold standard) are signaled by white squares. (c) Aggregated tagging probability
for true parasites and phantom parasites on image |D6. Note that the probability of the phantom parasite (tagged in yellow) isashigh asthetrue parasites.
Detailed analysis showed that it was a mistake on the gold standard. (d) Number of games played at each level.
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Figure5. Collective parasite detection. (a) Accuracy resultsin 1000 random groups run over image | D1 with agroup of 10 and 15 games and aquorum
of 3 and 6 votes. (b) Mean results of true positives (TP), false positives (FP), and TP — FP for 1000 experiments of all the group sizes and quorum values
with different experience. (c) Quorum values that maximize the TP — FP rate for all group sizes and training levels. (d) Maximum recognition score for

each group size and training level. Values represent the mean and standard deviation among the regular test images.
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Figure 6. Model of the collective detection of malaria parasites. Curve fitting of the mean accuracy rate for all group sizes and training levels.
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Discussion binary decisions (infected versus uninfected) of single-cell

In this study, a crowdcomputing image analysis system was
developed that identifies malaria parasites in digitized images
of thick blood smears using an online game played by nonexpert
volunteers. Results for the images analyzed showed that the
performance of the quorum algorithm that combines the games
from different players can be as high as both human expert
counting and automated processing methodol ogies. Indeed, the
results showed that, on average, the combination of 22 games
or more, regardless of the players experience, was enough to
obtain amost perfect parasite counting (99%) in the tested
images. This performance could al so be obtained by combining
13 games from players trained for 1 minute. However, no
conclusions could be drawn about detecting extremely low
parasitemias (as low as 1 parasite per 30 or more images).

Feedback from severa players stressed the need for clearer
gameinstructions. Although our strategy waslearning by doing,
commenters suggested that an explanation screen and/or an
initial training level would lead to better results, at least for
those playerswho did not complete thefirst level. The collective
detection equation allowed usto model the system performance
interms of the number of games and the training of the players.
An important question arising from this model is whether any
crowdsourced image analysis system that roughly consists of
detecting spots in images will have a similar behavior. In the
affirmative case, the model could be used inthe futureto design
and evaluate new crowdsourced biomedical image analysis
applications.

The overall results endorse the online gaming approach to the
task of counting malaria parasites in thick blood films using a
crowdsourcing methodology, vaidated “in the wild” by
thousands of anonymous online players. Thisconclusion extends
the findings of Mavandadi et a [25], but from a different
perspective. The methodology of the present research involves
finding parasites in images from thick blood samples whereas
in the study by Mavandadi et a the main task was to make

http://www.jmir.org/2012/6/e167/
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images extracted from thin blood samples [25]. Both thin and
thick blood filmsare used in malariamicroscopy [26]. Thethick
film, consisting of many layers of red and white blood cells, is
used to search for malaria parasites and to count them as an
indicator of the severity of the disease. The thin film, asingle
layer of red and white blood cells, is mainly used to confirm
the malaria parasite species and sometimes to enumerate
parasites and evaluate other prognostic features. In addition to
the type of data analyzed (thin versus thick blood film) and the
task required of the participants (binary decisionsin single-cell
images versus parasite detection and location), the nature and
number of participants varies, from 31 controlled volunteers
[25] versus > 6000 anonymous online contributorsin the current
research. The studies can be considered complementary and
directed toward the same goal ; the different methodologies and
experiments lead to the global conclusion that nonexperts are
ableto rapidly learn and identify the typical features of malaria
parasites in digitized thin and thick blood films, and that the
combination of the analyses of several userscan provide similar
accuracy ratesfor parasite quantification as expert microscopists.

Future devel opments of the current research should include the
exploration of new algorithmsthat combine the games of severa
playersin amore complex way than the quorum algorithm. For
instance, if players’ identities are logged and tracked, it would
be possible to adapt algorithms to differentially weight the
analysis of players depending on their profile, experience, past
performance, or gaming strategies [30-33]. Automated
processing methodologies report accuracy rates that are high,
but still not as good as human visual inspection; therefore, we
expect that combined man-machine diagnosis systems will be
the most effective strategy. Note that, for instance, in the present
study the players’ detection performance was similar for al the
images, whereas the automated detection algorithm [20] had
heterogeneous performances for different images. Therefore,
in hybrid systems, humans could be used first to train the
recognition algorithm and later to analyze the more complex
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cases (supplementing the automati ¢ processing methodol ogies),
whereas the easy cases would be automatically processed.

In summary, this proof-of-concept research has shown that
malariaimage analysis for parasite quantification, obtained by
combining the detection of several online nonexperts with
minimal training, can be as good as the results provided by an
expert microscopist. Although the game score is generated by
comparing the user tags with previously analyzed images, in
future, the observation protocol from expert microscopists could
theoretically betrandated into agame and imagesthat have not
yet been assessed by professionals could beintroduced into that
game. This raises the possibility of establishing a global
specialized task force of remote gamers-workers ableto perform
online malaria parasite detection and quantitation. The validity
of this approach for malaria diagnosis is still unclear and will
depend on the method’ s speed, efficiency, robustness, cost, and
above all, accuracy. Constraints related to production of the
high-quality images required for malaria species identification
will have to be addressed. Specifically, the performance should
be compared to current diagnostic tools and trends, such asrapid
immunochromatographic diagnostic tests that offer a
cost-efficient solution. However, rapid tests have limitations,
such as restricted malaria species recognition and an inability
to quantitate parasite |oad and monitor parasitological response
to treatment. In general, we suggest that the methodology
presented in this research could be applied to other biomedical
image analysis tasks with potential impact on global health

Luengo-Oroz et d

challenges, such as enumeration of acid-fast bacilli in sputum
smearsfor tuberculosis diagnosis. An inherent benefit from this
distributed telediagnosis systemisthat it isscalable and resilient.
Among other positive externalities of this research, thereis a
clear educational impact because more than 6000 players have
learned how malaria parasites appear in thick blood films. In
addition, as we alowed players to introduce their nicknames
into the table of high scorers, we could identify approximately
100 players who now can be considered as experts in parasite
counting, within the system’s limitations. Citizen science
projects of thiskind could impact future educational paradigms:
they are a clear opportunity for engaging with young people
and offer a hands-on experience that could be used in online
learning platforms [34,35].

Concerning the evolution of the MalariaSpot platform, next
steps might explore the feasibility of developing a new game
version that mimics, if possible, al the relevant steps of the
microscopist protocol in real-life conditions (eg, decisions about
presence or absence of malaria parasites, parasite stages and
species, and quantitation), but thisisamuch more complex and
challenging process. Assuming image quality concerns can be
addressed, this system could potentially be completed by
integrating the online platform for rapid diagnosis with the
recently developed cellphone-microscope systems [36] that
allow data transfer directly from field workers and health
centers, distributing the data worldwide through the Internet.
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Multimedia Appendix 1

Raw data collected during the experiment: Data_ MalariaSpot.csv containing 270207 rows - 1 per parasitetag- in the format: [user
id, image id, true/phantom parasite, x position, y position, time].
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Multimedia Appendix 2
Comparison between crowdsourced parasite counting and automatic image analysis counting methodol ogy.
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Abstract

Background: Continuous prevention efforts for human immunodeficiency virus (HIV) and acquired immune deficiency
syndrome (AIDS) are recommended among those men who have sex with men (MSM). Creative use of e-technologies coupled
with a better understanding of social networks could lead to improved health interventions among this risk population.

Objective: Theaimsof the study wereto (1) comparetheimpact of various advertising strategies on recruiting MSM participants
to an online HIVV/AIDS survey, and (2) explore the feasibility of using a social network service (SNS) for study advertising.

Methods: A cross-sectional online survey was conducted in 2009. South Australian men over 18 yearswereinvited to participate
if they had had sexual intercourse with men in the previous year. A short questionnaire was used to collect demographics and
information on sexual behavior, HIV history, use of the Internet for dating purposes, and sources of health information. The
survey was promoted in community settings and online, including advertisements through social networks.

Results: A total of 243 men completed the online survey during the 8-week data collection period. Online advertisements
recruited 91.7% (220/240) of the sample. Conversely, traditional advertisements in the community recruited only 5.8% (14/240)
of the sample. Ten volunteers were asked to advertise on their personal SNS application, but only 2 effectively did so. Only
18/240 (7.5%) of the respondents reported having learned of our study through the SNS application. In thissample, 19.3% (47/243)
of participants had never been tested for HIVV. Among the participants who had been tested, 12.8% (25/196) reported being
HIV-positive. Regarding Internet use, 82.3% (200/243) of participants had dated online in the previous 6 months. Among the
participants who had dated online, most (175/200, 87.5%) had found an Internet sexual partner and two-thirds (132/200, 66.0%)
had had anal sex with these partner(s). Among men who had anal sex with an Internet partner, 68.2% (90/132) used a condom
during sex.

Conclusions: The MSM participantsin this study had high-risk profilesfor HIV and other sexually transmitted diseases (STDs),
which highlights the need for ongoing health interventions among this group. In this study, the SNS marketing strategy did not
appear to create aviral effect and it had arelatively poor yield.

(J Med Internet Res 2012;14(6):€149) doi:10.2196/jmir.1819
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Introduction

South Australia (SA) is an Australian state with a population
of 1,618,200 people of whom approximately 73% live in
Adelaide, the capital city [1]. Information on the South
Australian men who have sex with men (MSM) population is
limited [2]. In 2001, it was estimated that 12,315 men in South
Australia (2.1% of South Australian men over 16 years) were
homosexual/bisexua [2].

In Australia, the MSM population constitutes the primary group
affected by the human immunodeficiency virus (HIV) and
acquired immune deficiency syndrome (AIDS) [2,3]. In South
Australia, the MSM group accounts for 60%-70% of new HIV
diagnoses [4,5].

Researchers have argued that new information technologies,
such as the Internet, may have contributed to the global HIV
epidemic [6]. The Internet appears to be particularly popular
among MSM [7,8]. It is likely to have unique appeal to them
because of the limited availability of venues where they can
meet without fear of negative social consequences|[9].

In an Australian online survey, most gay/bisexual male
respondents had met someone in person after chatting online.
The most frequent outcome of meeting following online contact
was having casua sex (82%). However, many men reported
having formed friendships (77%) and longer-term sexual
relationships (41%) after such meetings[8]. In South Australia,
an increasing proportion of MSM have reported using the
Internet to look for male sexual partners [10]. In 2007, the
Internet was the most popular venue for seeking partners,
surpassing traditional venues such as bars and saunas [10].

The role of the Internet in the HIV epidemic among MSM s
unclear [11,12]. A number of studies have shown an association
between high-risk sexual behavior and using the Internet to look
for sex among MSM [13-17]. The underlying causes are not
completely understood [12,18], athough there has been
documented evidence of online promotion of high-risk sexual
behaviors [6,19].

On the other hand, the Internet also offers great opportunities
for expanding health promotion interventions [6,13,20]. In this
unique setting, protective factors may operate simultaneously
with risk factors [9]. For example, some websites targeting
MSM already promote risk-reduction strategies, such asfrequent
HIV testing, limiting the number of sexua partners, and

http://www.jmir.org/2012/6/e149/
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serosorting (the practice of choosing sexual partners with the
same HIV status)[6]. In addition, it has been proposed that the
Internet could provide better access to hard-to-reach groups of
MSM who tend to receive less health promotion information,
such as men who live in rural areas, men with culturally and
linguistically diverse backgrounds, and men who do not overtly
identify with the gay community [7,18,21].

Social network services (SNSs), such as Facebook, MySpace,
Orkut, Linkedin, Hi5, and BeBo,areincreasingly popular. Using
SNSs to recruit for heath studies has emerged to be a
cost-effective tool in recent years [11,22].

Facebook was the focus of this study. At the time of this study,
Facebook had more than 300 million usersworldwide including
7 million Australian users (6.2 million over 18 years), and its
popularity was growing [23-25].Within 50 miles of the Adelaide
city center, there were more than 500,000 active Facebook users
(364,000 over 18 years) including 157,000 adult men at thetime
of study [25].

Public health approaches to health promotion can benefit from
taking advantage of the possibilities created by the Internet,
especialy by SNSs[23].A better understanding of Internet use
and socia networksamong MSM could lead to improved health
promotion initiatives in this specific popul ation.

This study aimed to (1) compare the impact of various
advertising strategies on recruiting MSM participants to an
online survey, and (2) explore the feasibility of using an SNS
for study advertising.

Methods

A cross-sectional online survey was performed between June
26 and August 21, 2009. It was advertised as the “SA Men
Online Survey” in both community and online settings.

Study Advertising

Advertising in the South Australian Gay Community

The survey, endorsed by the AIDS Council of South Australia
(ACSA) and approved by the University of Adelaide Human
Research Ethics Committee, was advertised in a newspaper for
the South Austraian gay community (Blaze) and through posters
and business-sized cards distributed in the Adelaide areain gay
venues and gay health service clinics (Table 1). The materials
contained the study webpage URL that potential respondents
were encouraged to access.
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Table 1. Media utilized for study advertising.
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Media

Description

Location

Online advertising

Web banner Continuous banner placement acsa.org.au; Gaydar.com.au
Invitation in chat room Message displayed on afew occa- Gaydar.com.au
sions

Email signature

Banner attached to emails of 3 staff

Email to potential respondents

members
E-newspaper Weekly e-news sent viaemail to 800 Email to potentia respondents
male members
SNS Viawebpage, ad placement, and ad- SNS application
vertisement on social networks
Community advertising
Gay newspaper (Blaze) 8500 copies of asingleissue, color  Adelaide city center and two other
ad on 1/8 of A4 page cities
Business-size cards 250 color cards Sex-on-premises venues (2), bar (1),
genera practice clinic (1), HIV/AIDS
support service (1)
Posters 50 color posters, A4-size Asabove
Word of mouth Word of mouth encouraged on mate-  Community

rias

Online Advertising

Gaydar.com.auisaUK company with arepertoire of chat rooms
dedicated to MSM based on geographic location. A Web banner
was placed on the home pages for “ South Australia-Adelaide”
and “South Austraia-Rest.” The Web banner contained the
University of Adelaide and the ACSA/Gay Men's Health
(GMH) logos and read, “* SA Men Online Study. A 5-Minute
Survey. To Join Now, Click Here” (Figure 1).

Educators from the ACSA/GMH offer peer-based information
and support inthe Gaydar.com.au chat rooms as part of their
routine duties. They provided information about the study and

were instructed to refer the chatters to the study coordinator to
address concerns or complex questions. During the study period,
educators displayed a general message containing study name,
study URL, and an invitation to participate in the South
Australia-Adelaide chat room of Gaydar.com.au.

In addition, the study banner was displayed onthe ACSA/GMH
website. Approximately 800 male members subscribe to an
e-news service provided by the ACSA/GMH and they were also
invited to participate in the study. In addition, three educators
from the ACSA/GMH attached the study banner to their email
signature block during the study period.

Figure 1. Banner advertisement used to recruit potential men who have sex with men for an online HIV/AIDS survey, South Australia, 2009.

SA Men Online study 25 G

To Join Now, Click Here

SNS Advertising

Ten MSM were approached initially to advertise the study using
their personal Facebook account and three agreed to participate.
They met with the project coordinator and were provided with
written information on study advertising using their SNS. When
the survey was launched, they were contacted by the project
coordinator via email to provide information about posting the
study name and URL link on their personal page. No incentive
was provided, but they were offered the results at the conclusion
of the study.

Ideally, volunteers would have been identified on the basis of
objective social leader characteristics using appropriate methods
[26]. However, our request to advertise on their personal SNS
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may have been perceived asintrusive. As a result, recruitment
was made on avoluntary basis only.

A webpage entitled “SA Men Online” was also placed on
Facebook free of charge with page access restricted to people
over 18 years. As a result, people could not access this page
directly from an externa website or from a search engine. Only
logged-in users of that particular SNS over 18 years (as stated
in their profile) could potentially view it.

Volunteers were asked to identify themselves as fans of this
Facebook page. Updates on study progression, number of
respondents, and some genera comments from previous
respondents were posted on this webpage.
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To reach additional respondents, a banner advertisement was
also placed on the Facebook sidebar for a 2-week period
targeting men over 18 years, living within an 80-kilometer radius
of Adelaide city center, who were interested in men. An
estimated 1540 users were targeted by the advertisement.
Clearly, this strategy would only access individuals who were
willing to identify their sexual orientation on a SNS.

Online Survey

Design

The target population consisted of all South Australian men
over 18 years who have had sex (oral/anal) with men in the
previous year. A convenience sample was drawn from this

population and a cross-sectional survey was conducted over an
8-week study period in 2009.

I nstitutional Review Board Approval and I nformed
Consent Process

The study was approved by the Human Research Ethics
Committee of the University of Adelaide, Australia.

Before accessing the survey questionnaire, all potential
respondents had to access the officia study webpage placed on
the University of Adelaidewebsite. Theinformed consent form
appeared on the main webpage and contained details about
survey length, data storage, and study investigators. It explained
possible positive and negative outcomes related to study
participation. At the end of this page, men who agreed to
participate could signify so by clicking abutton that lead to the
guestionnaire screen. The online questionnaire did not collect
identifiable personal information such as name, date of birth,
or email address.

Electronic survey data were stored in a locked office, in an
appropriate  password-protected = computer on a
password-protected network within the firewalled computing
environment of the Discipline of Public Health, University of
Adelaide, Australia.

Development and Pretesting

The questionnaire was built using validated questions from
previous surveys [8,10,27]plus additional questions. A paper
version of the questionnaire was pretested with 5 MSM
community volunteers. Minor changes were made to the
guestionnaire in accordance with their feedback.

The final questionnaire collected demographic data (age,
educational level, and postal code), sexua identity, use of
websites for meeting partners (types of websites, number of
partners met, and condom use with last partner), HIV history
(status and date of last test), usual sources of health information,
and information on study advertising media. The questionnaire
included additional items on each of the selection criteria
(gender, place of residence, and sex with men history) and a
comments section.

The commercial software chosen for this study significantly
facilitated the online survey design process because it did not
require technical expertise in computer programming. The
company also collected respondents’ data via secure sockets
layer (SSL) encryption and they initially hosted the database.

http://www.jmir.org/2012/6/e149/
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The company ensured that only the research team would be able
to accessthe dataviapassword. Time constraints and associated
costs were considered in choosing the software package.

The questionnaire was tested using both Internet Explorer and
Firefox Web browsers. At apretesting stage, an email containing
the survey URL was sent to 5 designated respondents who took
part in the survey and provided comments.

Recruitment Process

The survey was opento all visitorsto the study webpage, which
was not password-protected. The selection criteria for study
participation were highlighted clearly.

The survey was advertised offline and online. Regardless of the
adverting strategy, ultimately all respondents were directed to
the study webpage to complete the questionnaire online.

Survey Administration

The survey was made accessible exclusively through the
webpage created on the University of Adelaide website to
facilitate the consent process. The study webpage was placed
under “Research Projects’ in the Discipline of Public Health.
Because of the number of steps (9 successive clicks) required
to accessthe study webpage from the main university webpage,
it appeared relatively unlikely that people would access it
without having been exposed to any study advertisements.

The survey itself was voluntary. Participants were informed
that results would be posted online and, apart from links
provided to useful resources on the website, no other incentive
was offered.

The survey was available online for an 8-week period. The
questions were displayed in identical order to all respondents.
Depending on previous responses in the questionnaire, some
guestions were skipped. The questionnaire was kept short to
encourage maximal participation.

The questionnaire comprised 8 screens so that questions that
could potentially be skipped were placed on separate pages.
There were 1-5 items per screen and 17 itemsin total. No item
was mandatory and incomplete questionnaires could be
submitted. Participants were able to change their answers from
previous pages using a“previous’ button.

Response Rates

During the study period, there were 544 unique visitors to the
study webpage on the University of Adelaide website. However,
the software company used to launch the survey did not provide
figures for unique visitors to the questionnaire itself.
Specifically, the company did not record the number of
respondents who exited without completing or submitting the
first page of the questionnaire. Therefore, the participation rate
could not be calculated.

The completion ratio (ratio of the number of people who
submitted the last survey page divided by the number of people
who submitted the first survey page) was 0.946 (247/261).
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Considerations Regarding Potential Multiple Entries
from the Same Individuals

Given the topics assessed in the survey, for ethical reasons the
research team was unaware of the Internet protocol (IP)
addresses of the respondents’ computers and the team did not
use cookies. However, the company that provided the software
did use cookies and was able to identify the |P addresses. The
company noted that this information was necessary for the
proper functioning of the online software and that it was used
in an aggregated manner for administrative purposes only.

Multiple entries from a single |P address were not restricted
because more than one person in a given household may have
been digible and attempted to participate. Secondly, one IP
address could be shared by several computers. Moreover,
restricting multiple submissions from the same |P address did
not necessarily prevent individuals from submitting multiple
surveys from computers with different 1P addresses.

However, the database was screened for potential duplicate
submissions. Questionnaires with an identical combination of
age, educational level, and postal code were checked for the
dates of last HIV test and HIV status. None were identical;
therefore, all files were retained in the final analysis.

An examination of the time for completion did not reveal any
aberrant results. The shortest completion timewas 1.17 minutes,
but the answers were credible. Therefore, no survey was
eliminated because of atoo-short completiontime. Mediantime
for survey completion was 3.27 minutes.

Surveys were checked for completion. Seven respondents did
not complete the last page, but they did completethe 7 previous
pages. Overall, given that some questions were not applicable
to all respondents, all surveys had at least 75% completion of
applicable questions and all were kept in the analysis.

Statistical Analysis

Descriptive statistics were performed using Predictive Analytics
Software (PASW) Statistics 17.0 software [28]. No method (ie,
weighting of items or propensity scores) was used to adjust for
the non-representative sample.

Results

In total, 261 questionnaires were completed during the 8-week
data collection period (June 26 to August 21, 2009). Eighteen
were excluded because they did not meet the inclusion criteria
based on gender (7/261, 2.7%), age (1/261, 0.4%), place of
residence (1/261, 0.4%), or history of sex with men in the
previousyear (9/261, 3.4%). Theremaining 243 surveysformed
the database for the final analyses.
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Study Advertising

Over the study period, advertisements were introduced in a
staggered manner so it was possible to examine the relative
success of each recruitment strategy (Figure 2). Theadvertising
was limited in the first 2 weeks to allow for eventua technical
adjustments. Overall, recruitment was low in the final 10 days
and data collection was stopped.

In Figure 2, the arrows refer to the dates that the advertising
strategies were implemented. They are:

1. Web banner attached to e-signature of 3 staff members of the
ACSA/GMH.

2. Card and poster distribution in gay venues and health clinics
inthe Adelaide area.

3. Web banner placement on Gaydar.com.au and message
display in chat room of Gaydar.com.au.

4. E-news sent weekly by ACSA/GMH to 800 members and
Web banner placement on the ACSA/GMH website.

5. Advertisement in newspaper for gay men.

6. SNS: Study name and URL posted on personal Facebook
page by volunteer #1.

7. SNS: Study name and URL posted on personal Facebook
page by volunteer #2.

8. SNS: Ad placement on Facebook.

When men were asked about the media that alerted them to the
study, 232 out of the 240 men (96.7%) reported only 1 source
and 8 men reported 2 sources. The advertisement banner posted
on Gaydar.com.au attracted 70.0% (168/240) of respondents
with an additional 6.3% (15/240) recruited through the chat
room on Gaydar.com.au. Eighteen (7.5%) respondentsreported
having learned of our study through the SNS application. The
ad launch on that application recruited some respondentsin the
first week, but plateaued in the second week.

Overall, the online advertising madein chat rooms, onthe SNS
application, via banners and emails recruited 220/240 (91.7%)
respondents. Community advertising through posters, business
cards, the newspaper, and word of mouth, recruited only 14/240
(5.8%) respondents. In all, 6/240 (2.5%) reported having been
exposed to both online and offline media.

Data (eg, impressions and click-throughs) regarding the banner
advertisements could not be obtained because specific
arrangements were not made with ACSA/GMH and
Gaydar.com.au to track such information.
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Figure 2. Number of men who have sex with men recruited to an online HIVV/AIDS survey by type of media between June 26 and August 21, 2009,

in South Australia.
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SNS Advertising

During the study period, 2 of the 3 volunteerswho had initially
agreed to advertise the study on their SNS advertised the study
effectively. They had a cumulative socia network of
approximately 100 friends, which isrelatively small considering
the average Facebook user has 130 friends[29]. In addition, the
webpage created on the SNS application did not have high
access rates.

Over 14 days, the advertisement on the SNS was displayed
55,000 times with 53.5% of total impressions being directed
toward the 18-24 year group, and an additional 22.0% toward
the 25-34 year group. Daily, 400-870 distinct users were shown
the advertisement. On agiven day, individualswho were shown

http://www.jmir.org/2012/6/e149/

RenderX

the advertisement would see it 5 times on average. Only 31
people clicked on the advertisement itself, thus 0.06%
(31/55,000) of all impressionsresulted in aclick. Thisapproach
incurred relatively modest fees of Aus $12.36 for 31 clicks
(average Aus $0.40 per click).

Online Survey

General Characteristics of the Sample

Table 2 describes characteristics of survey respondents. The
age range was between 18 and 68 years, with a median age of
34 years. Most respondents (140/243, 57.6%) were aged 25-44
years. The sample was highly educated, with 119/242 (49.2%)
having completed auniversity degree or a College of Advanced
Education (CAE) course.
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Table 2. Characteristics of South Australian MSM recruited online, 20009.

Characteristics® n %
Age (n=243)
18-24 50 20.6
25-34 73 30.0
35-44 67 27.6
45-64 52 214
=65 1 04

Education (n = 242)

Lessthan or up to 3 years of high school/Year 10 22 9.1

Year 12/South Australian Certificate of Education 52 215

(SACE)

Tertiary diploma or trade certificate/Technical 49 20.2

and Further

Education (TAFE)

University/College of Advanced Education (CAE) 119 49.2
Areaof residence (n = 241)

Metropolitan Adelaide 212 88.0

Rural area 21 8.7

Remote area 8 33

Socioeconomic Index for Area (SEIFA) P (n = 241)

1st quintile (most disadvantaged) 57 237
2nd quintile 41 17.0
3rd quintile 59 245
4th quintile 49 20.3
5th quintile (least disadvantaged) 35 14.5
Sexual identity (n = 242)
Gay/homosexual 196 81.0
Bisexual 43 17.8
Heterosexual 0 0
Unknown/other 3 12
LifetimeHIV test history (n = 243)
Never tested 47 193
Tested at some point 196 80.7

Declared HIV status according to last test result (n = 196)

Negative 170 86.7
Positive 25 12.8
Unknown 1 05

Declared time of last HIV test for tested men without a HIV-positive result (n = 171)

< 3 Months 43 252

3-6 Months 39 22.8

7-12 Months 34 19.9

1-2 years 24 14.0

> 2 years 31 18.1
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Characteristics® n %
Sources of health information (n = 234) ©

Books 47 20.1
Family and friends 49 20.9
Gay media 60 25.6
Gay Men's Health website 63 26.9
Gay Men's Health (resources other than theweb- 33 14.1
site)

Health care provider 97 415
Health department 36 154
Internet 160 68.4
Men's magazine 71 30.3
Newspaper/news magazine 53 22,6
Professional education 54 231
Radio 25 10.7
Television 81 34.6

#The number of respondents answering each question varied slightly because of missing values; question related to HIV statuswas automatically skipped

for 47 untested men.

bThe Index of Relative Socioeconomic Disadvantage (IRSD) includes attributes such as low income, low educational attainment, high unemployment
and jobsin relatively unskilled occupations, and refers to the areain which a person lives [30].

®More than one option possible.

Most participants (212/241, 88.0%) resided in metropolitan
Adelaide, but men from rural (21/241, 8.7%) and remote (8/241,
3.3%) South Australiawere also represented. A socioeconomic
index was obtained from the area of residence of participants.
There was no clear gradient, but proportionally fewer men
(35/241, 14.5%) were in the least disadvantaged quintile than
the most disadvantaged quintile.

Most respondents (196/242, 81.0%) considered themselves as
homosexual/gay whereas 43/242 (17.8%) described themselves
as bisexual.

Regarding HIV testing, 47/243 (19.3%) men reported never
having been tested. Among men who had been tested at some
time, 25/196 (12.8%) reported being HIV-positive, 170/196
(86.7%) reported being HIV-negative, and 1/196 (0.5%) reported
an unknown status according to the last test result. Among tested
men who did not report an HIV-positive result, 43/171 (25.2%),
39/171 (22.8%), and 34/171 (19.9%) participants reported
having had an HIV test in the previous 3 months, previous 3-6
months, and previous 7-12 months, respectively. Fifty-five
participants (32.1%) had been tested more than a year
previously.

Participantsreported various sources of health information, with
the Internet asthe most noted source (160/234, 68.4%). A health

http://www.jmir.org/2012/6/e149/

care provider (97/234, 41.5%), television (81/234, 34.6%),
men’'s magazines (71/234, 30.3%), and Gay Men's Health
website (63/234, 26.9%) were a so frequently reported.

Online Dating and Sex

Regardingonline dating, 200/243 (82.3%) participants reported
having looked for male sexual partners on the Internet in the
previous 6 months (Table 3). These men were further asked
about their online dating habits and related sexual behavior.
Most (175/200, 87.5%) had met at |east one male sexual partner
through the Internet in the previous 6 months. Approximately
half of the participants who had met Internet partners (86/175,
49.1%) had found 2-5 partners. Of the participantswho reported
having looked for male partners online, 132/200 (66.0%) had
anal sex with an Internet partner, 68.2% (90/132) of whom
reported having used a condom during their most recent sexual
encounter. In the subgroup of participants who reported
unprotected anal sex during their last intercourse, 9/42 men
(21%) had never been HIV tested. Among tested participants,
5/33 (15%) reported being HIV-positive. The only 2 participants
surveyed who reported having had more than 50 Internet
partners al so reported having unprotected anal sex during their
last sexual encounter.
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Table 3. Online dating and sex among South Australian MSM, 20009.
Characteristics® n %
Online dating with malesin previous 6 months (n = 243)
Yes 200 82.3
No 43 17.7
Websites utilized for dating (n = 200)°
Gaydar.com.au 178 89.0
Manhunt 109 545
Squirt 50 25.0
Facebook 16 8.0
Number of male sexual partnersmet through I nternet in previous 6 months (n = 200)
None 25 12.5
1 39 19.5
2-5 86 43.0
6-10 29 14.5
11-50 19 9.5
>50 2 1.0
Anal sex with amale partner met through thelnternet in previous6 months (n = 200)
Yes 132 66.0
No 68 34.0
Condom useduring last anal sex with a male partner met through the Internet (n =
132)
Yes 90 68.2
No 42 318

#The number of respondents answering each question varied only because of automatically skipped questions.

BMore than one option possible.

Discussion

Principal Results

Online advertising was aless costly and more efficient approach
to recruit in comparison to community advertising during the
relatively short recruitment phase. Our findings suggest that in
this gay community that is well educated and mostly urban,
online advertising is likely to be a more successful method of
recruiting participantsto an online survey unlessthe community
approach is considerably intensified.

Our results aso indicate that MSM who participated in this
study constitute a high-risk group for sexually transmitted
diseases (STDs) and HIV infections. For instance, nearly half
(102/218, 46.8%) of the non-HIV-positive participants had not
had an HIV test 