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Abstract

Background: The global burden of disease is increasingly dominated by non-communicable diseases. These diseases are less
amenable to curative and preventative interventions than communicable disease. This presents a challenge to medical practice
and medical research, both of which are experiencing diminishing returns from increasing investment.

Objective: Our aim was to (1) review how medical knowledge is generated, and its limitations, (2) assess the potential for
emerging technol ogies and ideasto improve medical research, and (3) suggest solutions and recommendationsto increase medical
research efficiency on non-communicable diseases.

Methods: We undertook an unsystematic review of peer-reviewed literature and technology websites.

Results: Our review generated the following conclusions and recommendations. (1) Medical knowledge continuesto be generated
in areductionist paradigm. This oversimplifies our models of disease, rendering them ineffective to sufficiently understand the
complex nature of non-communicable diseases. (2) Some of these failings may be overcome by adopting a*“ Systems Medicine”
paradigm, where the human body is modeled as a complex adaptive system. That is, a system with multiple components and
levelsinteracting in complex ways, wherein disease emerges from slow changes to the system set-up. Pursuing systems medicine
research will require larger datasets. (3) Increased data sharing between researchers, patients, and clinicians could provide this
unmet need for data. The recent emergence of electronic health care records (EHR) could potentially facilitate this in real-time
and at aglobal level. (4) Efforts should continue to aggregate anonymous EHR datainto large interoperable data silos and rel ease
this to researchers. However, internationa collaboration, data linkage, and obtaining additional information from patients will
remain challenging. (5) Efforts should also continue towards “Medicine 2.0”. Patients should be given access to their personal
EHR data. Subsequently, online communities can give researchers the opportunity to ask patientsfor direct accessto the patient’s
EHR dataand request additional study-specific information. However, selection bias towards patients who use Web 2.0 technol ogy
may be difficult to overcome.

Conclusions:  Systems medicine, when combined with large-scale data sharing, has the potential to raise our understanding of
non-communi cabl e diseases, foster personalized medicine, and make substantial progress towards halting, curing, and preventing
non-communicabl e diseases. L arge-scal e data amal gamation remains a core challenge and needs to be supported. A synthesis of
“Medicine 2.0" and “ Systems Science” conceptsinto “ Systems Medicine 2.0” could take decades to materialize but holds much
promise.
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Current Limitations in the Study and
Management of Chronic Disease

Medical science has brought clear and dramatic improvements
to health over the past 150 years. This has included effective
cures and preventions as well as important public health
measures. As a consequence of many of these advancements,
the leading causes of death and disability have shifted from
infectious diseases to more complex non-communicable
diseases. In the past 50 years, expenditure on health research
and health care has increased dramatically to meet the new
challenges that treating and preventing these multifaceted
diseases presents. However, combating chronic disease has
proven significantly more difficult and costly than infectious
disease, with it becoming increasingly difficult to continue
raising life expectancy and healthy life expectancy [1]. Many
spheres of academia and clinical practice have shifted away
from an intent to cure, to an attempt to slow down pathological
processes and prevent complications. Thisisin part dueto the
inability of science to determine which individuals will suffer
the most from any given risk factor, or who will benefit most
from specific interventions.

Current medical science is largely conducted using the
reductionist paradigm, which assumesthat complex entitiesare
best understood by breaking them down into smaller, simpler
components. Detailed analysis of the weaknesses of this
assumption has been done elsewhere [2], but principally,
reductionism limits our ability to understand how multiple
variables interact with one another to create emergent effects.

The reductionist approach does offer a useful first step for the
understanding of a complex system because it helps identify
key components. However, a strong and enduring emphasis on
the reductionist approach risks over-simplification (focusing
only on ahandful of major factorswith the biggest effect, while
the sum of minor factors may be considerable) and
generalization (assuming that a common cause-effect
relationship appliesequally in al cases). Moreover, an excessive
focus on alimited number of pathways may impede our ability
to understand both the behavior of the system as a whole, as
well as system variability between individuals. Our etiological
models of seemingly disparate chronic diseases include a
striking number of common pathways. For exampl e, alterations
of the tumor necrosis factor alpha (TNF-alpha) gene have been
implicated in 88 clinically distinct diseases [3]. However, it
remainsunclear under what circumstancesincreased TNF-alpha
levels cause an individual to develop rheumatoid arthritis,
atherosclerosis, or a septic cytokine cascade. It is assumed that
many such pathways interact to produce disease outcomes.
Rarely can we adequately describe why a disease develops in
an individual, their prognosis, the effect of risk factor

http://www.jmir.org/2015/3/e64/

modification on anindividual, or the likelihood of family being
affected by a similar disease.

The type of drugs dispensed to patients further reflects our
limited understanding of the true cause of disease. While some
drugs can reverse the original disease processto provide anear
cure (eg, antibiotics, chemotherapy), many more provide only
temporary relief to the current physiological imbalance and fail
to cure (eg, thyroxin, antidepressants, anticonvul sants, steroids,
diuretics). Others still simply dampen the body’s capacities to
exacerbate the condition in a symptomatic or palliative [4]
fashion (eg, betablockers, warfarin) with significant side effects.
Another weaknessin our management of chronic diseases stems
from the way research studies and clinical guidelines consider
each disease in isolation, while in reality most patients have at
least one comorbidity. This leaves patients with an expanding
burden of treatment, polypharmacy, increased side effects,
unintended drug interactions, and reduced adherence.

This pattern of diminishing returns necessitates a reevaluation
of the approach that medical science has taken in the study and
management of chronic diseases. As chronic diseases are
substantially more complex than infectious diseases, additional
approaches are probably required to overcome the limitations
of reductionism. In this essay, we aim to (1) document medical
science'sfirst stepsin moving away from reductionism towards
more complex models, (2) assess the potential benefit of
introducing Systems Science into medical science and evaluate
the relative strengths and weaknesses of various technologies
in facilitating this (such as Medicine 2.0), and (3) present our
suggestions of how to best increase medical research efficiency.
To achieve this, we combine an unsystematic review of
peer-reviewed literature, with areview of two websites known
for the dissemination of novel technologies and ideas (Wired,
TED). We then try to bring together these disparate lines of
thought, across a range of disciplines and industries, into a
subjective but hopefully thought provoking synthesis.

Supplementing the Reductionist Paradigm

Should the prevalent theoretical model, framework, or paradigm
find it increasingly difficult to account for experimental data,
alternatives to the prevalent model should be considered [5].
This can be done by replacing the old model or by adding
supplementsto the existing model [6]. We argue that three such
supplements have recently been added to the core of
reductionism. First, select chemotherapy agents were found to
work particularly well for subtypes of breast cancers and
leukemia, which corresponded to genetic subtypes of the disease.
This reveals that diseases may look similar on the outside but
can function very differently on the inside. As our knowledge
of this etiome [3] (the precise etiological pathways by which
genetic and environmental agents cause a disease) grows, it
becomes useful to name each diagnostic subcategory with
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appropriate  subdivisions. The term  “intermediate
pathophenotype” [7] has been suggested to capture these
subdivisions. Linguistically, this denotes a focus on end-state
pathology, the likely object of interest for pathologists and
systemsbiologists. Clinicians, epidemiologists, and biomedical
scientists are, however, more interested in upstream etiology
and the narration of an individual’s past and likely future.
Perhaps adopting the term “etiphenotype” instead would make
Systems Medicine more accessibleto clinicians (or aternatively,
letting the term “ etignosis’ complement “ diagnosis’).

The second supplement to reductionism came from the
observation that most patients have more than one disease at
any given time and that some diseases tend to cluster together.
For example, people with diabetes have a greater risk of
developing certain other diseases, such as stroke. Recent
evidence hasidentified numerous early commonalities, such as
“the metabolic syndrome” or “diabesity”, but our scientific
language and modes of thought struggle to describe the
interconnectedness of these tightly intertwined etiological
processes[8]. Reductionismisill-suited to deal with the question
of comorbidity, prompting a search for alternative models [9].
Third, in many casesit appears better to treat complex diseases
with a cocktail of drugs administered simultaneoudly. This has
been applied in thetreatment of infections (eg, tuberculosisand
human immunodeficiency virus), as well as for chronic
conditions (eg, acute coronary syndrome, exacerbations of
chronic obstructive pulmonary disease) [10]. Advancesin such
complex, combined interventions have prompted the Medical
Research Council to issue guidance on how they should be
monitored and evaluated [11]. We believe that this will give
only modest improvements, as intervention development will
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still remain somewhat blind and ignorant of the intricacies of
etiological processes.

Modifying the Reductionist Paradigm With
Network Medicine

A transitionary model of medical research is emerging that
attemptsto reconcile some of the discrepancies outlined above.
Thereis much hope that network medicine could be better suited
to understand the basic biological processes that culminate in
health and disease [12,13]. This framework suggests that
complex diseases are the emergent result of perturbations in
multiple genes that are interconnected to one ancther to create
a disease module (Figure 1). A hypothetical study of diabetes
could begin by mapping the system of proteins that are
responsiblefor healthy function like glucose regulation (Figure
1, panel a), aso known as the interactome of proteins. Next,
existing literatureis used to identify a candidate gene or protein
critical in etiology (Figure 1, panel b). This protein is mapped
onto the interactome to identify a smaller set of proteins that
directly influence the candidate protein (Figure 1, panel c), to
identify a suspected diabetes disease module (colored red).
Concurrent mapping of comorbid diseases (such as stroke in
blue) can identify structural reasons for comorbidity aswell as
common premorbid states (such as the metabolic syndrome,
marked by the red-blue proteins). Models like this can account
for the effectiveness of combined interventions (Figure 1, panel
d, dark blue proteins) and identify novel drug targets (Figure 1,
panel d, light blue). Such models have been used to identify
novel genes across a range of cancers [14-16]. It has aso
allowed drugs to be re-positioned for other diseases, such as
using the anti-ulcer drug cimetidine in the treatment of lung
cancer [17].

Figure 1. The methodological steps by which network medicine identifies disease modules and predicts novel protein targets for intervention.
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We believe that the network medicine approach can achieve
half the paradigm shift required toward systems medicine.
However, such models remain incomplete because of the
following weaknesses [18]. (1) When considering disease,
network medicine looks only at snapshots of end-stageillness.
The model cannot be applied to longitudinal data to describe
the gradual shift that takes place when healthy states slowly
transform into diseased states. This weakness stems from the

http://www.jmir.org/2015/3/e64/
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model’s implicit assumption that disease processes (such as
glucose dysregulation) are merely broken flipsides of healthy
processes (glucose regul ation). The cascade of eventsthat caused
the shift from healthy state to diseased state are irrelevant and
not investigated [19]. (2) Network medicine focuses exclusively
on the intracellular level of proteins and genes. Researchers
interested in higher order risk factors (such as how weight gain
is influenced by childhood nutrition, family upbringing,
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socioeconomic status, or the physical environment of green
spaces and fast food outlets) struggleto utilize network medicine
models [20]. (3) Simplistic causal modeling, wherein diseased
genes and proteins are thought to exert their effects uniformly
across a range of interindividual and interenvironmental
variation. Thus network medicine struggles to model how
genetic risk interacts with environmental risk to create disease.
We fedl that these three weaknesses will keep our models of
disease largely incomplete, thus perpetuating many of the
shortcomings outlined in our introduction.

Replacing the Reductionist Paradigm
With Systems Medicine

It helps to begin by clarifying our core terms. A System can be
defined as a set of components that are related to one another
in a meaningful way (centerpiece, Figure 2). Systems Science

Tillmann et d

istheformal study of systems|[21]. Systems Thinking describes
modes of thought that focus on the connectedness and
interrelationships of components, rather than focusing on the
componentsthemselves. Systems Theory isa set of theoriesthat
try to derive generalizable organizing principles that apply to
all systems. For example, complex systems can maintain robust
performance during external perturbations, thanks to
system-wide properties such as modularity and built-in
redundancy (ie, having two kidneys), features that are seen in
biologica and non-biological systems alike [19]. Systems
Biology is the study of how biological functions emerge from
the interactions between the components of living systems and
how these emergent properties in turn influence the behavior
of lower-level components [22]. The field developed quickly
during the past decade, due to technological advances in
generating large amounts of high-throughput datavery quickly,
along with the interdisciplinary ability to compute, model, and
make sense of this data.

Figure 2. Schematic illustration of the core differences between reductionism and systems science, when analyzing the properties of a system.
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To date, little of the above paradigms have been incorporated
into medical research. In part, thismay be dueto difficultiesin
amalgamating large-scale clinical datasets. However, as such
technical barriers begin to fall away, increasing attribution can
be placed on lack of knowledge about Systems Science among
the medical research community. Indeed, those looking for a
working definition of Systems Medicine may be baffled by the
diversity of opinionsout there[19,23,24]. Historically, Systems
Medicine has been defined asthe clinical application of Systems
Biology approachesto medicine, where traditional model-driven
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experiments are informed by data-driven modelsin an iterative
manner [25]. We see Systems Medicine as the long-term
objective of a wider paradigm shift in medical science, at the
end of which arange of different models and approaches will
coexist under the Systems Medicine umbrella. All of these
models will be substantially more complex than the models
used in Reductionism or Network Medicine. We suggest that
Systems Medicine models should include two or more of the
following organizing principles of the human body:
non-linearity, multi-agency, multi-levelness, or adaptivity [26].
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Non-linearity meansthat the independent variablesinteract with
one another and modify each other’s effects on the dependent
variable. This makes the dependent variable exhibit emergent
properties that can be understood only when all of the
independent variables are assessed concurrently. Such
interactions have been documented between behavioral risk
factors, between two genes [27], between transcribed mRNA
and regulatory microRNA [28], between single nuclectide
polymorphisms (SNP) and expression quantitative trait loci
[29], aswell as between transcription factors[30]. Perhaps most
important of al are gene-environment interactions, which have
begun to emerge for obesity [31], coronary artery disease[32],
asthma [33], colorectal cancer [34], depression [35], eczema
[36], Alzheimer's disease [37], and multiple sclerosis [38] to
name a few. Models of systems medicine need to be built and
empirical data assembled so that the detection of interactive
effectsand non-linear dynamicsisfacilitated. Contrast thiswith
the stance taken in most introductory epidemiology and medical
statistics courses, where interactive effects are seen as
“nuisance” phenomena and students are discouraged against
opening such cans of worms because of seemingly
unmanageabletype 1 errors. Regrettably, the study of interaction
phenomena remains a niche field. This stifles progress at
understanding any non-linear mechanisms of the human body.

Non-linearity can be present in relatively ssimple systems[39].
Consider the example of a system where smoking and drinking
alcohol leads to increased stroke risk, through the upregulation
of a hypothetical inflammatory cytokine called “smokdrink”.
Thesetwo risk factors can interact with one another and produce
non-linear responses that are quite complex in nature (such as
a dramatic increase in smokdrink, but only if you drink more
than 3 units aday and have accumulated more than 20 years of
smoking damage). Nonetheless, our model remains simply
non-linear (Multimedia Appendix 1, frame 1). Next, we can
expand the model to account for how strokeisfurther influenced
by another non-linear system, namely the cholesterol system
(frame 2). If we view smokdrink and cholesterol as our two
agents of stroke, then we have built amulti-agent model (frame
3). This concept is useful to bear in mind as the outcome of
complex systemsisrarely determined by one agent, but rather
istheinteraction between multiple agents (M ultimedia A ppendix
1, red arrows at the top of frame 3). Many of these agentsremain
directly unmeasurable, but their parameters can be estimated.
For exampl e, even beforewe discover theinflammatory cytokine
smokdrink, we can calculate that 20 cigarettes + 3 pints a day
has a similar effect on stroke, as does 10 cigarettes + 5 pints a
day. Constructing intermediary agents in silico (such as
smokdrink and cholesterol) facilitates our conceptual and
mathematical understanding of the nature of dynamic disease
processes. Such constructs could also include theinflammatome
[40], the Metabolic Syndrome scale, the
Hypothalamus-Pituitary-Axis dysregulation scale, or the
allostatic load scale [41].

Multi-level models account for how people often form natural
groups, which inturn influenceindividual behavior and disease
outcomes. A grouping variable, such as “living in a deprived
neighborhood or not”, can exert its effect on the disease outcome
directly just like any other risk factor (Multimedia Appendix 1,

http://www.jmir.org/2015/3/e64/
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frame 4, dotted blueline), or indirectly by modifying the effect
of a lower order risk factor (such as drinking alcohol;
Multimedia Appendix 1, red dotted lines). Although it may be
tempting to enter “living in a deprived neighborhood” into the
model alongside the other variables, this violates certain
statistical  assumptions.  Accordingly, models known
interchangeably as nested, hierarchical, or multiscale models,
are useful to take account of the multi-levelness of suchreal-life
phenomena.

Finally, all the models presented so far compare states of fulll
health against states of full illness. The sequence of events over
which full health deteriorates towards full illness remains
unknown. To understand this process, we must build dynamic
models of the human body. The core principle hereisadaptivity,
wherein after a certain stimulus, the system modifies its own
response pattern in anticipation of similar stimuli in the future.
It is through processes such as down-regulation, long-term
potentiation, habituation, and synaptic learning, that the body
modifiesitsdefinitions of “anideal state” or “anideal response’.
Thustherulesthat explain the behavior of homeostatic systems
are nested in larger systems, called homeodynamic systems
[41]. Imagine an individual whose homeostatic systemistrying
to keep its blood glucose level around 6, and Body Mass Index
(BM1) around 22 (also known as an attractor zone). The system
tolerates and shows resilience in the face of a range of
perturbations in the short-term (such as skipping a meal, met
by glycogenolysis), medium-term (entering Ramadan, met by
lipolysis), or permanent (increased energy demands, met by
increasing appetite). Whatever happens, the system will try to
return to the initial attractor zone. This is easy to do if the
person’s state meanders only dlightly in the immediate phase
space around the central attractor zone, aso known as the
system’s basin (eg, glucose 4-8, BMI 20-24). However, if the
person’s state moves far away enough from the basin (eg,
glucose 2, BMI 10), the integrity of the system is at stake and
death from starvation may follow. In other diseases, the attractor
zone may shift to BMI 26 (diagnosed as overweight) or to
glucose 12 (diagnosed with diabetes) over afew decades. Other
diseases still may show lessgradual but more sudden shiftswith
bifurcation into a far away attractor zone (as seen in an acute
epileptic seizure [42], many other acute presentations, but also
in agent-based models of community interventions[43]). Other
diseases can show cyclica flip-flop behavior between two
attractor zones (such as is seen in bipolar disorder [44]).
Dynamical Systems Theory focuses on understanding how and
why these attractor zones change over time. Chaos Theory
describes a type of system change that is particularly sensitive
to initial conditions (such as seen in the Barker and Hygiene
hypotheses). Similar models have been used to understand cell
fates [45], endothelia function [46], cytokine function [47],
heart rate variability [48], atrial fibrillation [49], septic shock
[50], and multiple organ dysfunction syndrome [51].
Understanding these dynamic processes may lead to targeted
interventions of preventative [52] or curative nature. For
example, animal models suggest that infection with helmliths
can reprogram autoimmune disease states towards healthier
onesin colitis[53], gastric atrophy [54], multiple sclerosis[55],
and diabetes [56].
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Analytical Approaches to Systems
Medicine

Conducting systems medicine research will require numerous
changesto how medical scientists and epidemiol ogists conduct
their daily work. Such changes have been poorly addressed in
the existing literature. Fundamentally, an entire new approach
to data collection and analyses is required. If most risk factors
interact with one another to create small interactive effects,
many of which are nested in intricate multi-levels of hierarchy,
then the detection of such intricacieswill require large numbers
of patients with large numbers of variables[57].

Once assembled, such high-fidelity datasets could be explored
for “hot spots’, or loci of association, between risk factor data
(including behavioral, environmental, and sociological risks),
molecular data (including genomic, trascriptomic, and proteomic
data), and clinical outcomes, in order to identify and treat
etiphenotypical subgroups. Some of this exploration will take
the narrow shape of testing a priori hypotheses. Other
exploration will use high-throughput techniques to scan more
broadly and identify novel hypotheses for subsequent scrutiny
[58,59]. Thismay befacilitated by machinelearning algorithms
[60Q]. For example, the world’s most advanced supercompulter,
IBM Watson, has recently been given access to data on over a
million cancer patients, as well as the emerging oncological
literature. It is hoped that Watson will support and enhance
clinical decision making in real time[61]. Thismay shatter the
traditional view of humans generating hypotheses on which
computers calculate the test statistic, as computers like Watson
may also become indispensible in hypothesis generation. Our
vision of Systems Medicine becomes impossible without
seaml ess collaboration with mathematicians, model ers, and data
scientists, so that the right modeling tools can be used and
combined to appropriately balance sufficient complexity with
practical utility.

A Roadmap to Systems Medicine

Although multiple challengesimpede the integration of systems
approaches within medical research, we prioritize five that
deserve attention first. (1) Existing modelsthat view the human
body as complex adaptive systems are limited and need
specialist development. Our review of the literature suggests
that whiletextbooks exist on modeling for Systems Science and
Systems Biology, little consensus exists on modeling for
Systems Medicine. (2) Whilelarge-scal e research projects (such
as the Human Genome Project, Wellcome Trust Case Control
Consortium, Virtual Physiological Human, ECell, Cancer
Genome Atlas, Human Brain Project) are developing at a
promising rate, the majority of research continues to be
conducted in an almost proprietary-like mindset of non-sharing,
withindividual teams collecting and holding datain small silos.
This makes it difficult to create the large datasets required for
systemsanalysis. (3) While some organizations (like IBM, Sage
Bionetworks, and Farr Institute) can foster multidisciplinary
teams between medical researchersand information specialists,
this collaboration gap remains large in most areas of public
research. (4) Although research funders are beginning to
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recognize and invest inlong-term and larger research endeavors,
particularly in database curation, the vast majority of funds
continue to be spent on low-complexity projectswith short-term
deliverables and seemingly low risk. Many such projects are
underpowered in breadth, depth, and complexity to sufficiently
address the problems they seek to address, with sometimes
negligible subsequent improvement in our knowledge base. (5)
The obstacles above will yield with sufficient energy and
leadership; however, progress at each front continuesto be slow
dueto the prevalent reductionist culturein the medical research
community and general risk aversion to engage with new
technology (particularly those that may alter existing power
relations). Therefore, greater discussion, awareness, and
education of differences between systems medicine and
reductionism are required across the board, in order to promote
and facilitate interest and activity in this important transition.

Sharing Data

The medical research community itself is a complex adaptive
system. Shifting this toward a more efficient, systems-science
configuration will require time and effort to be applied at
multiple levels. We believe that the second obstacle mentioned
above, creating large datasets, is most pressing so we discuss
thisin detail. There are two possible non-competing solutions:
(1) sharing data between researchers or (2) using data from
electronic health records (EHR) for research purposes. Although
data sharing appears to be increasing, most research data are
not shared or recycled outsidethe original project team. A range
of factors discourage data sharing. Project-specific data are
often collected using context-specific priorities, definitions, and
measurement tools that are rarely compatible with other
peer-researchers, let alone researchers looking at the picture
from ahigher or lower level of order [62]. Data access requests
are often cumbersome and slow, and some researchers may be
wary of giving up their competitive edge [63]. Ultimately, even
if al research groups pool their data successfully, arich trove
of clinical process and outcome data will continue to be held
by health care providers who are not involved in research.

Health care data are never assembled for research purposes,
which substantially hampers its transferability. For example,
patients with borderline disease states are often “ upcoded” into
more severe disease states, as this brings financial rewards to
the health care provider. Some EHR data may always be absent
or of insufficient quality to be useful in medical research (eg,
tracking the daily improvement of inpatients with cellulitis or
fluid overload, which is difficult to quantify). However, other
EHR data lend themselves very well to scientific analyses,
particularly asdrug prescription data are of exceptional quality.
Furthermore, as health care is carried out on real patients,
studying the real-life effects of drugs is preferable to
unrepresentative clinical trials, particularly in understanding
how one drug can accidentally influence two disparate di seases
[64,65]. Future work could clarify which health care data are
transferrable to medical research, and develop some tools to
facilitate this. For example, should some severe diagnoses, when
seen in conjunction with other hospital laboratory parameters,
be downcoded back to a more truthful level, to correct for
financia upcoding in EHR? The integration of health care and
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research datawill create its own technical, logistical, and legal
challenges, and at present we cannot tell if this will be
worthwhile. If attempted, we suggest that groups of patients
could be subdivided empirically based on their differential risk
factor profiles, disease trgjectories, or molecular data [66], and
these subgroups subsequently explored in more detail for
evidence of etiphenotypical subgroups.

Unlocking Health Care Data

There is growing support for the collation of EHRs for
secondary research purposes [67]. Transmission of data is
typically thought to proceed with researchers asking health care
providersfor accessto anonymized data[68]. Added value can
be gained by integrating data from multiple providers [69].
Overall, this approach offers substantial productivity gains.
However, this benefit must be considered against the drawback
of reduced data accuracy.

As an dternative, we suggest an approach where researchers
ask patients directly for their data, who in turn have to ask
hospitals for their data. The advantage here is that routine
medical data could be augmented by study-specific scientific
tests (such as genotyping). The disadvantage is that samples
will not be representative of the wider patient group, but biased
towards those comfortable with sharing their personal datawith
scientists over the Internet, a concept that probably frightens
most patients today. It also requires EHRS to be personally
accessible and personally controlled—afeaturethat isstill under
development [70], but with some proof of concept from private
settings [71].

Online Communities

Web 2.0 technology is creating asocial Web, where users create
content, share useful information with interested peers, and
moderate each other's activities (eg, Facebook, eBay,
ReseacherGate) [72]. Web 2.0 has been combined with the
power of crowdsourcing (the force behind projects like
Wikipedia) to foster Science 2.0 (also known as Open Science
or Cyberscience 2.0) [73]. Here, online platforms facilitate
large-scal e data sharing between researchers who can merge or
re-analyze each other's data (eg, HapMap project, Sage
Bionetworks). Some of these projects (eg, GalaxyZoo) are also
enlisting the power of citizens in the scientific endeavor. A
seminal article by Eysenbach in 2008 [74] detailed how the
application of these Web 2.0 technologies to personally
controlled health care records will create “Medicine 2.0". This
will beaworld where the collaboration gap between researcher,
clinician, and patient will narrow. Online patient communities
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such as PatientsLikeMe are not only useful to facilitate peer
transfer of knowledge [75] but also in scientifically testing new
drug applications[76].

To the best of our knowledge, a major gap in the current
literature is the fact that systems medicine researchers have
never suggested that their vision could be achieved quicker
using Medicine 2.0 tools. Similarly, although Medicine 2.0
enthusiasts have begun to associate their ideasto Big Data, Web
Science, Health Web Science, and the Semantic Web [77], none
have spoken of the potential for Medicine 2.0 to further our
understanding of the human body as acomplex adaptive system.
We urge these two important communitiesto begin collaboration
on what we suggest could be called “ Systems Medicine 2.0”
(Figure 3). Understandably, few patients will trust their most
sensitive secrets with an amorphous, faceless research
community. An online community with detailed researcher
profiles, faces, and credentials (eg, ReseacherGate) could be
augmented by allowing participants and researchersto interact
with one another. Reliable feedback systems (such asthose seen
in Amazon and eBay) will be central to creating sufficient trust.
To date, most sites have focused on fostering
researcher-researcher collaboration [78,79], or patient-patient
collaboration. The next step would be to foster bi- or
tri-directional links (also to clinicians), with the added challenge
of increased knowledge asymmetries.

Another challengefor Systems Medicine 2.0 ishow health care
data has very poor interoperability, both nationaly and
internationally. We welcome the work of the Joint Initiative on
SDO Globa Health Informatics Standardization to facilitate
the rapid adoption of common health informatics standards. A
related challenge is how various Systems Medicine research
teams will initially create their own datasets, analytical
programs, and models. Reporting these via traditional journals
will hamper progress. Datasets, programs, and models should
be shared, scrutinized, and developed, perhaps by making use
of the efficiency tools perfected by the Open Source movement
[80]. Open access [81], open standards, open source software
[82], and open competitions [83] can foster faster innovation
and drive efficiency. ldeally, the entire Systems Medicine
community could see themselves as working on the same
project, akin to the global communities who brought us Linux,
Mozilla Firefox, Wikipedia, HUGO, and Systems Biology.

To start the discussion of how the research community can move
towards Systems Medicine, we have compiled a list of
suggestions (Textbox 1). This is neither exhaustive nor
comprehensive and is designed merely to stimulate discussion,
development, and implementation of Systems Medicine.
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Textbox 1. Initial suggestions for the advancement of systems medicine.

Tillmann et d

Governments and key research funders:

Legidation for the Web 2.0 era:

Scientific community:

Software devel opers:

patients

International co-ordination:

. training systems scientists, big data engineers, and medical researchers

« incentivizing and normalizing multidisciplinary collaboration for systems medicine

« incentivizing and normalizing the sharing of laboratory data as well as health care data
« earmarking research funds for systems medicine

. national leadership on systems medicine strategy and implementation

«  EHRsto be recognized as patient property

« anonymized research on EHRsis permitted and automatically facilitated, unless patients opt out

« defineif and how data can be accessed for commercial purposes and how any proceeds are divided

« opinion leaders to promote the benefits of Systems Science approaches in medicine

« anonline data-sharing directory listing al large datasets pertaining to Systems Medicine

«  EHR systems must facilitate the simple and free export/import of data by abiding to global standards and/or open standards

« disease-specific expert bodies (eg, colleges) to facilitate common standards of data collection in their fields

« early Systems Medicine 2.0 academics to focus their papers at one flagship journal (eg, Journal of Medical Internet Research)

« develop an online community that links together systems scientists and modelers, big data engineers, medical researchers, and subsequently

« international leadership and co-ordination (eg, World Health Organization) to promote all of the above

Figure 3. The historica origins of “Systems Science” and “Medicine 2.0”, and the potential for their combination into “ Systems Medicine 2.0".
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Conclusion

The prevalent paradigm in medical science is reductionism,
whose limitations have becomeincreasingly apparent, resulting
in diminishing returns. This paradigm has been supplemented
and modified with the framework of network medicine. If further
developed with Systems Science approaches, this has the

Tillmann et d

paradigm. This neatlly complements advances in
Internet-powered medicine (Medicine 2.0), but as yet the two
fields have yet to take advantage of each other’'s nascent
existence. We hope that our paper can bridge this conceptual
gap and advance mutual interest and collaboration between
these two, to foster Systems Medicine 2.0. This could lead to
significant advances in the prevention and treatment of

potential to evolve into fully fledged Systems Medicine Non-communicable diseases.
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Abstract

Background: The use of Web-based apps to promote a healthy lifestyle is increasing, although most of these programs were
not assessed using suitable epidemiological methods. We evaluated the effectiveness of a newly developed Web-based app in
promoting a healthy lifestyle and educating adults on such lifestyles. We also analyzed predictors for success in acquiring and
maintaining a healthy lifestyle.

Objective: Our aim was to compare people receiving a new Web-based app with people who got an introductory lecture alone
on hedlthy lifestyle, weight change, nutritional knowledge, and physical activity, and to identify predictors of successfor maintaining
ahealthy lifestyle.

Methods. Subjectswere recruited from the community and were randomized into intervention and control groups. Theintervention
subjects received access to the app without any face-to-face support; the control subjects continued their standard lifestyle.
M easurementswere taken by the researcher at baseline and after 14 weeks and included wei ght and waist circumference. Nutritional
knowledge, diet quality, and physical activity duration were obtained using online questionnaires. The new Web-based app was
developed based on current US Department of Agriculture and Isragl Ministry of Health recommendations for healthy lifestyle.
The app provides tools for monitoring diet and physical activity while instructing and encouraging healthy diet and physical
activity.

Results: Out of 99 subjects who were randomized into app and control groups, 85 participants (86%) completed the study, 56
in the intervention and 29 in the control group. The mean age was 47.9 (SD 12.3) years, and mean Body Mass Index was 26.2
(SD 3.9). Among the intervention group only, frequency of app use was 2.7 (SD 1.9) days/week. The mean change in physical
activity was 63 (SD 20.8) minutes in the app group and -30 (SD 27.5) minutes in the control group (P=.02). The mean weight
changewas-1.44 (SD 0.4) kg in the app group and -0.128 (SD 0.36) kg in the control group (P=.03). Knowledge score increased
significantly in the app group, 76 (SD 7.5) to 79 (SD 8.7) at the end of the study (P=.04) compared with the control group. Diet
quality score also increased significantly at the end of the study, from 67 (SD 9.8) to 71 (SD 7.6; P<.001) in contrast to the control
group. Success score (represents the success in maintaining healthy lifestyle) was higher among the app group (68%) compared
with 36% in the control group (P<.001). The app frequency of use was significantly related to a higher success score (P<.001).

Conclusions: We showed a positive impact of a newly developed Web-based app on lifestyle indicators during an intervention
of 14 weeks. Theseresults are promising in the app’s potential to promote a healthy lifestyle, although larger and longer duration
studies are needed to achieve more definitive conclusions.
Trial Registration: Clinicaltrial.gov number: NCT01913496; http://www.clinicaltrials.gov/ct2/show/NCT01913496 (Archived
by WebCite at http://www.webcitation.org/6WSTUEPuJ).

(J Med Internet Res 2015;17(3):€56) doi:10.2196/jmir.3682
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Introduction

Although chronic diseases have reached epidemic proportions,
they could be significantly reduced through prevention or
reduction of their risk factors, early detection, and timely
treatments [1]. Most chronic diseases are strongly associated
and causally linked with four particular behaviors: tobacco use,
physical inactivity, unhealthy diet, and excessive consumption
of acohol. These behaviors lead to four key
metabolic/physiological changes: hypertension,
overweight/obesity, hyperglycemia, and hyperlipidemia. In
terms of attributable deaths, the leading chronic disease risk
factors globally are hypertension (attributed with 13% of global
deaths), tobacco use (9%), hyperglycemia (6%), physical
inactivity (6%), and overweight and obesity (5%) [2].

A healthy lifestyle was proven to lower the risk for chronic
diseases. In the European Prospective I nvestigation into Cancer
and Nutrition (EPIC) study, 23,153 German participants aged
35-65 werefollowed for amean of 7.8 years. Adherenceto four
health behaviors not smoking, exercising 3.5 hours per week,
eating a healthy diet (high intake of fruits, vegetables, and
whole-grain bread, and low meat consumption), and having a
Body Mass Index (BMI) <30 kg/m? at baseline was associated
with 78% lower risk for developing chronic disease (diabetes
93%, myocardial infarction 81%, stroke 50%, and cancer 36%)
than participants without these protective factors [3,4].

Despite the importance of following hedthy lifestyle
recommendations for preventing or lowering the incidence of
chronic diseases, multiple popul ation studies showed that only
aminority of individuals adheresto healthy lifestyle behaviors.
In a comparative analysis of middle-aged adults aged 40-74
years participating in the National Health and Nutrition
Examination Study (NHANES I11) 1988-1994 and 2001-2006
surveys, the proportion of adultswho adhered to all five healthy
habits (at least five fruits and vegetables/day, regular exercise
>12 times/month, maintaining a BMI between 18.5 and 29.9

kg/m?, moderate alcohol consumption, and not smoking)
decreased from 15% to 8% [5,6]. Additional available data
suggest that 31% of the world’s population is not meeting the
minimum recommendations for physical activity [7].

Thenumber of behavior changeinterventionsthat have become
available through the Internet has increased steadily over the
last decade [8]. Evidence exists to support the effectiveness of
Web-based interventions in changing behaviors. Research has
shown these interventions to be effective in different areas of
health care[9-14]. Among them are promoting physical activity
[15], nonsmoking behavior [10], and weight loss[16]. However,
the effects are usualy small [17]; the actual reach of
Internet-delivered interventions seems|ower than expected and
attrition rates are generally high [10]. To the best of our
knowledge, there have not been any randomized controlled trials
(RCTs) of a Web/mobile phone app as a healthy lifestyle
intervention in itself that focuses on education and
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self-monitoring of diet and physical activity for the healthy
population.

A tria of thistypeisimportant because Web/mobile phone apps
are readily available to the public and provide an opportunity
to develop interventions with lower costs, less burden, and a
greater reach, particularly as mobile phone use rates continue
to rise. Adding Web/mobile phone technology offers a
significant potential for improving the user’s self-monitoring
experience and adherence to health promotion programs and
thusto enjoy their benefits.

In this study, we hypothesized that using a theory-guided,
technol ogy-supported, healthy lifestyle—promoting Web-based
app will result in high use, improved nutritional knowledge,
increased duration of physical activity, and greater weight loss
compared to a control approach.

The objective of the study was to compare people receiving a
new Web-based app with peoplewho got an introductory lecture
on hedlthy lifestyle alone, on resulting weight change, nutritional

knowledge, and physical activity, and to identify predictors of

success for maintaining a healthy lifestyle.

Methods

Eligibility and Study Design

People from the community (high-tech companies, kibbutzim,
large organizations) were recruited between the end of 2012
and January 2013 from the south and center of Israel, via an
email invitation. The invitation described the research goals
and informed the participants that their participation was
voluntary and involved no incentive payments or gifts.

The study lasted 14 weeks and had two arms: intervention
(Web-based app) and control. Eligible participants were healthy
people, aged =18 years with Web and email experience,
interested in a healthy lifestyle, and willing to commit the
necessary time and effort to the study. Exclusion criteria were
participating in aprogram for weight reduction, pregnancy, and
lactation.

Thefirst face-to-face meeting of the study wasthe introductory
meeting. Inthismeeting, all participantsreceived apresentation
on a healthy lifestyle, recommendations for healthy nutrition,
and the clinical benefits of physical activity for the
recommended weekly duration. The participants signed an
informed consent form and were randomized to intervention
and control groups.

The members of the app group received a password for the app
and were instructed to use it as much as they wanted to. The
members of the control group wereinstructed to continueliving
a healthy lifestyle as they understood it and based on the
presentation in which they participated. The control group did
not receive any other intervention.

Anthropometric measurements of weight and waist were
obtained by the researcher in theintroductory meeting. Nutrition
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knowledge, diet quality, and physical activity type and duration
guestionnaires were completed by participants through the
Internet (Google docs). Anthropometric measurements and
questionnaireswere repeated after 14 weeks (thelast face-to-face
meeting). The intervention participants also completed a
satisfaction questionnaire at the end of the study. In total there
were only two face-to-face meetings between the researcher
and the study participants during the study period.

Randomization

Following the introductory meeting, and after signing an
informed consent form, participants were randomized to the
intervention and control groups. The randomization was
performed in clusters according to the place of recruitment:
kibbutz, company, organization. Participants were numbered
using arandom number table where the numberswere randomly
assigned to intervention and control groups using a2:1 ratio.

This ratio was used in order to enhance recruitment by
increasing the chances of being in the intervention group. This
ratio enabled us to recruit more people and to achieve our
calculated sample size.

Ethicsand I nformed Consent

Ethics approval wasreceived by the Hebrew University, Faculty
of Agriculture Food and Environment (AGHS-07.12). Each
participant provided written informed consent at the beginning
of the study. This study is a registered clinical trial
(NCT01913496).

Intervention

The new Web-based eBalance app was designed for a healthy
non-professional audience interested in self-management and
achievement of a healthy lifestyle. It was developed over a

http://www.jmir.org/2015/3/e56/
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period of 1 year by one of the authors (JSN) and was
programmed by a software expert (Figures 1 and 2). The app
isbased on guidelines published by the lsrael Ministry of Health
[18] and the Dietary Guidelines for Americans 2010 [19]
recommendationsfor aHealthy Lifestyle. Thetheoretical basis
of the app and the elements required to keep users engaged was
given much consideration. The app was designed to be
user-friendly for al types of populations, and specifically for
peoplewith only basic computer and Internet skills. If additional
explanations are necessary, the user can watch videos with
instructions on how to use the app (located in the app itself).
eBalance was designed to be a helpful tool for facilitating
self-management of a healthy lifestyle. Much thought was
invested in enabling the easiest and fastest possible entry of
data (food intake and physical activity).

The app enables the users to monitor their dietary intake and
physical activity by receiving real-time feedback. Based on the
Control Systems Theory (CST) of self-regulation [20], we
postulated that the experience of receiving consistent and
immediate feedback from eBalance would reinforce adherence
to self-monitoring and healthy behavior change.

The essence of the app is based on the flexibility of choosing
your own preferred diet within the Dietary Reference Intake
(DRI) recommendations that are related to the user. This was
achieved through feedback from the app. Thisfeedback includes
information on nutrient intake compared with the recommended
level of DRI and potential food sources for the nutrients, in
addition to monitoring the calorie intake and expenditure.

For example, Figure 1 shows the diet of a user who did not
achieve the daily recommendations of several nutrients. In this
case, the app can suggest which types of foods the user can add
to their menu in order to reach the recommended level.
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Figure 1. Screenshot of the eBalance Web-based app.
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Outcomes Assessment

App Usability

App usability was determined by frequency and convenience
of use. Frequency of use was evaluated from the app database
according to thereports of the users. Google Analyticswasalso
used as an objective tool for evaluating visit duration and
number of pages per visit. Convenience of use was reported by
the app users via a satisfaction questionnaire. The satisfaction
guestionnaire was developed for eBalance based on a
guestionnaire developed by Shahar et al [21].

http://www.jmir.org/2015/3/e56/
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Lifestyle Questionnaires
Thelifestyle questionnaires were adapted for use in the current
study.

Nutrition Knowledge

There are two ways to improve knowledge using the app. The
first is by entering the “Healthy Nutrition” page. This page
contains information on the importance of the key nutrientsfor
a healthy lifestyle and displays the food sources for these key
nutrients. The second is through routine use of the app, which
leads to learning about the caloric value of food intake or
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physical activity expenditure and also about the food's key
components.

Knowledge was assessed using a 43-item online self-report
guestionnaire based on Parmenter’sgeneral nutrition knowledge
guestionnaire for adults [22].

Diet Quality
Thediet quality questionnaireis a 16-item questionnaire based

on Parmenter’s general nutrition knowledge questionnaire for
adults[22].

Physical Activity

Thisquestionnaireincluded 28 questions on the type, frequency,
and duration of time each participant spent in physical activity
per week. This questionnaire is based on an international
physical activity questionnaire [23,24].

Anthropometric M easurements

Weight was measured in kilogramswith aportable digital scale
(Beurer GmbH & Co. KG, Germany). Weight measurement
was performed in light clothes and without shoes to the nearest
0.1 kg. Waist circumference was measured on the navel.

Sample Size Calculation

The sample size for the RCT was calculated based on the
findings from a previous pilot study. Cholesterol intake was
used for the calculation; the sample size was calculated using
P=.05, power=80%. A sample size of 50 participantsin the app
users group was found to be sufficient for detecting a 10%
reductionin level of cholesterol intake at the end of study period
compared with the baseline. We added 20% to the number of
participants to compensate for potential dropouts.

Statistical Analysis

Analyseswere carried out using SPSS 21.0. Descriptive statistics
were used to describe and compare baseline characteristics of
participants in the app and control groups. Univariate analyses
were performed first to compare pre- and post- values using the
paired t test. The change from baseline was compared using the
t test for independent samples. Categorical measurements were
compared using the chi-square test. An analysis of variance
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(ANOVA) model followed by Scheffe post-hoc tests were used
to compare differences between three groups (control and the
two app groups, light users and heavy users). Thisanalysiswas
performed post hoc and is presented separately from the main
outcomesin each table and figure.

In order to estimate the effect of the intervention on lifestyle,
we defined an integrated score (success score) based on the
following parameters: decrease or maintain body weight,
duration of physical activity equal to or above 150 minutes per
week, and scores of at least 70 in knowledge and diet quality
guestionnaires. Each parameter contributed one point to the
score, summing the 4 points for all users. An analysis of
covariance (ANCOVA) model was applied to identify thefactors
that affect the score. Age and gender were included as
confounders, frequency of use was entered as the tested factor
with three levels: control (no use at al), light users (less than
three usage days per week), and heavy users (at least three usage
days per week). The model was also tested for app users versus
the control group. The statistical significancelevel was defined
as apha=.05.

Results

Recruitment

Of the 112 who agreed to participate in the study, 99 participants
were found eligible and were randomized into two groups
(Figure 3). A total of 85 participants completed the follow-up
visit (86% retention rate); 56 of the 69 participants who started
the study in the app group completed the follow-up (81%
retention rate) and 29 of 30 participants who started the study
in the control group completed the follow-up (97% retention
rate). Three participants left their company and their contact
was lost. One joined WeightWatchers, one had technical
problems, one had alanguage problem, two had no time dueto
work load, three frequently atein restaurants and did not always
know the components of the food, and two had personal
problems. In the control group, one participant did not complete
the follow-up due to pregnancy. There were no differences in
the demographic characteristics at baseline of the app
non-completers group and the app users group.
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Figure 3. Flow of the participants through the RCT.
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. men, with a mean age of 47.9 years (SD 12.3). No differences
Baseline Data in age, weight, BMI, height, and waist circumference existed
Characteristics of the study participants are presented in Table  petween the app and control groups at baseline.

1. Our study included 85 adults: 54 (64%) women, 31 (36%)

Table 1. Baseline characteristics of the RCT participants.

Characteristics All (n=85) Web-based app (n=56) Control (n=29) P

Agein years, mean (SD) 47.9 (12.3) 48,5 (11.3) 46.7 (14.2) .53
Females, n (%) 54 (64) 33(59) 21(72) 25
Weight in kg, mean (SD) 74.0 (15.4) 76.3 (15.1) 69.7 (15.2) 07
Height in cm, mean (SD) 1.69 (0.1) 1.70(0.1) 1.67 (0.1) .09
BMI, mean (SD) 25.8 (4.0) 26.2(3.9) 25.0 (4.4) .19
Waist circumference in cm, mean (SD) 93.5(12.4) 94.3 (11.7) 91.7 (14) .39
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Frequency of Use

The mean frequency of use among the intervention group was
2.7 (SD 1.9) daysaweek (95% Cl 2.2-3.2). The average period
of use was 7.8 (SD 4.3) weeks; this is the period that a user
stayed connected to the app (the period between the first and
the last visit to the app).

Adherence rate of 56% (7.8/14 weeks) was calculated for all
app users including light and heavy users. The average
frequency of use during the 7.8 weeks was 4.9 days (SD 1.8).

Self-monitoring declined over the study period. At the end of
14 weeks, 27% of the users were still active on the app.
According to Google Analytics, the average duration of visits
was 7.5 minutes (SD 0.9). The average number of visits per
user per day was 1.7 (SD 0.25), and the average number of
pages per visit was 6.2 (SD 0.6).

We used the use days as a measure of compliance and divided
the intervention group into light and heavy users. Light users
were defined as using the app lessthan 3 days aweek (1-40 use
days), and heavy users were defined as using the app 3 or more
days a week (41-98 use days). The cut-off was set at 40 days
since at 40 days (almost half of the study duration) 50% of the
participants were till using the app. The light and heavy users
as part of the intervention group completed the 98 days (14
weeks) of the study.

Thelight users group included 30 participants (53% of the app
group). The heavy users included 26 users (47% of the app
group). At baseline, the mean weight of thelight userswas 77.9
kg (SD 14.8) with a BMI of 26.3 kg/m? (SD 3.7); the mean
weight of the heavy users was 74.4 kg (SD 15.5) with a BMI

Table 2. Knowledge score of control and app groups and light/heavy users.

Safran Naimark et d

of 26.1 kg/m? (SD 4.1). There were no differences at baseline
between the light and heavy app users groups and the control
group (P>.05).

The comparison between heavy and light users was a post-hoc
analysis. It was not part of the main objective of the study. The
main analysis depicts the comparison between intervention and
control groups. The comparison between heavy and light users
was added post hoc in order to illuminate the consistent trend
of the beneficial effect of the app for heavy users.

Convenience of Use

In terms of convenience, 79% of the users reported that data
entry was very easy; 93% reported that use of the app was very
easy. Users’ satisfaction with the app was high: 93% will make
a “moderate”’ to “very high” recommendation to their friends
to use the app. The median of the satisfaction from the app on

ascale of 1-10 was 8 (25" and 75" percentiles were 6 and 8.5,
respectively). The average score was 7.3 (SD 1.9). The app
greatly affected 72.1% of the intervention group to maintain
good nutrition, 69.7% reported that the app helped them lose
weight, and 76.8% reported that the app encouraged them to
increase their physical activity.

Nutrition Knowledge

Table 2 shows that the score on the knowledge questionnaire
did not change significantly (P=.16) at the end of the study in
the control group but did increase significantly in the app group,
from 76 (SD 7.5) to 79 (SD 8.7) at the end of the study (P=.04).
The heavy users improved their score in the questionnaire
significantly from 76 (SD 6.4) at baselineto 79 (SD 7.6) at the
end of the study (P=.03), contrary to the light users who did
not improve their knowledge significantly (P=.47; Table 2).

Mean score P
Baseline SD End of study SD
Group
Control (n=29) 71 95 73 8.1 16
Web-based app (n=56) 76 75 79 8.7 04
Web-based app users
Light users (n=30) 76 8.8 78 9.9 47
Heavy users (n=26) 76 6.4 79 7.6 .03

Physical Activity

Figure 4 presents the results of the analysis of the physical
activity questionnaire. The analysis revealed that the app users
significantly increased their weekly duration of physical activity
compared with the control group, who decreased their weekly
duration of physical activity. The mean change in the weekly
duration of physical activity was 63 (SE 20.8) minutes in the
app group and -30 (SE 27.5) minutes in the control group
(P=.02; Figure 4).

Table 3 shows the percentage of participants who reached the
healthy threshold of 150 minutes as recommended by the 2008

http://www.jmir.org/2015/3/e56/

Physical Activity Guidelines for Americans [25]. At baseline,
no significant difference between the control and the app groups
(P=.42) was shown in the percentage of participants engaging
in physical activity of different weekly durations.

However, at the end of the study there was a significant
difference between the control group and app users. The app
motivatesthe usersto significantly increase the weekly duration
of physical activity. More usersincreased their weekly duration
of physical activity to the healthy range of more than 150
minutes a week, which may afford substantial health benefits.
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Table 3. Percentage of participants engaging physical activity at different weekly durations.

Study groups? Web-based app users
Control (n=29) App users (n=56) Light users (n=30) Heavy users (n=26)
Baseline  End of study Baseline End of study Baseline  End of study Baseline  End of study
Low activity (<150 45.0% 55.0% 28.8% 17.3% 26.9% 23.1% 30.8% 11.5%
min.)
Recommended activity 30.0% 25.0% 36.5% 32.7% 42.3% 38.5% 30.8% 26.9%
(150-300 min.)
High activity (>300 25.0% 20.0% 34.7% 50.0% 30.8% 38.4% 38.4% 61.6%

min.)

3P value for difference between study groups. Baseline, P=.42; end of study, P=.01.
bp value for difference between light and heavy users. Baseline, P=.64; end of study, P=.009.

Figure 4. Mean change of physical activity duration in the control and app groups (P=.02).
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Diet Quality

Table 4 shows that there was no difference in the score on the
diet quality questionnaire in the control group (P=.41). In
contradistinction to the control group, the app users improved
their score significantly at the end of the study from 67 (SD 9.8)

Table 4. Diet quality score at baseline and at the end of the RCT.

Application users

to 71 (SD 7.6; P<.001; Table 4). No significant difference was
found between light and heavy users. Both subgroupsimproved
their quality of diet score similarly. Based on analysis of the
diet quality questionnaire, the app users improved their diet
quality more than the control group did.

Mean score P
Baseline SD End of study SD
Group
Control (n=29) 61 8.9 62 10.1 41
Web-based app (n=56) 67 9.8 71 76 <.001
Web-based app users
Light users (n=30) 66 10.3 71 7.1 017
Heavy users (n=26) 67 9.6 72 8.2 .001

Weight and Waist Circumference

The app userslost more weight compared to the control group.
At the end of the study, the mean weight and BMI change of
the app group was significantly greater than that of the control

http://www.jmir.org/2015/3/e56/

group. The mean weight change of the app group was -1.44 kg
(SE 0.40, 95% CI 0.1-2.5) versus -0.13 kg (SE 0.36) in the
control group (P=.03). The mean BMI change was -0.48 kg/m?
(SE 0.13, 95% CI 0.05-0.84) in the app group, but only -0.03
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kg/m? (SE 0.12) in the control group (P=.03). The mean weight
change presented in Figure 5 was -1.65% (SE 0.4) of theinitial
body weight in the app group, versus only 0.01% (SE 0.5) in
the control group (P=.003). The mean change in weight and
BMI inthe heavy users was statistically significant, as opposed
to the light users. Mean change in weight in heavy users was

-2.1 kg (SE 0.64, P=.01) and in BMI -0.7 kg/m? (SE 0.21,

e

Figure5. Mean change in weight (% of body weight) P=.01.
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Success Predictors

Success was defined as follows: reducing or maintaining the
original weight, duration of physical activity equal to or more
than 150 minutes per week, a score of more than 70 points on
the nutrition and quality of diet questionnaires. The highest
mean success score normalized to a range of 100% was of the
app group’s 68%; 36% was the success score of the control
group (P<.001). The heavy usersreceived ahigher mean success
score (82%) than the light users (61%; P=.02). We did not find

Table5. Linear regression model presenting success predictors.

Safran Naimark et d

P=.002). Mean change in weight in the light users group was
-0.84 kg (SE 0.47, P=.08) and BMI -0.3 kg/m? (SE 0.14, P=.07).

No statistically significant difference was found in waist
circumference between the app and control groups. At the end
of study, the mean changein waist circumferencewas-2.31 cm
(SE 0.56) inthe app group and -0.9 cm (SE 0.58) in the control
group (P=.09).

—1%6

H Application users

adifference in gender (P=.42) between heavy and light users.
Table 5 presents the results of the linear regression model. The
explained variance was 41% for the total variable parameters,
and includes age, gender, weight at baseline, and frequency of
app use. The key parameter for predicting success was the
frequency of app use. The app frequency of use was significantly
related to a higher success score (P<.001). The weight at
baseline did not predict success, whereas being a woman did
predict success.

Dependent variable R2=®<p| ained variance, % P value

Age 1 .28

Weight at baseline 1 2

Frequency of use 32 .01

Gender (female) 4 .03

Total of model variability 41
Discussion psychologica determinants of a self-change process of altering

Principal Findings
In this study, we describe the development of a Web-based app

for promoting healthy lifestyle and its performance evaluation
using aRCT.

The app was designed as atheory-guided, technol ogy-supported
lifestyle-promoting program integrating elements pointed out
in studies as important for supporting lifestyle changes. Its
strengths may stem from itsindividually tail ored approach with
personal goal setting and feedback. Understanding the

http://www.jmir.org/2015/3/e56/

behaviors is needed for designing effective intervention
programs. The app contains features to enhance usability,
feedback taillored to the user according to the DRI
recommendations, a large Ministry of Health-food database,
and a physical activity database.

This is one of the first studies that tested the impact of a
Web-based app on lifestyle using established epidemiol ogical
methodology. The findings of the RCT indicate that the app is
acceptable, effective, and can serve as a supporting tool in
promoting a healthy lifestyle. These findings are strengthened
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by the fact that heavy users achieved better results than light
users, suggesting a dose-effect relationship.

Compliance

High compliance is a key component in the applicability of
health promation methods. The compliance to the intervention
in our study was high as can be seen by the low attrition rate of
19%. This finding contrasts with an RCT by Carter et a [26],
which estimated adherence to a smartphone app for weight loss
compared with awebsite and paper diary with an attrition rate
of 38%. Attrition was not distributed equally among the groups,
with higher attrition in the diary and Web groups compared to
the smartphone group. A review focusing specifically on
Web-based interventions for weight loss found that most
interventions had attrition rates greater than 20% [8]. In a
systematic review of long-term weight losstrialsin obese adults,
attrition ranged from 30% to 60% [27]. In our study, various
methods and strategies were used to support adherence to the
intervention. These strategiesincluded immediate user-tailored
feedback as text messages and a graphic view of the user's
nutrition and physical activity. It seems that these strategies
wereeffective at |east in the short term inimproving compliance
and reducing attrition rate.

Frequency of Use

The average frequency of the app use was found to be 2.7 (SD
1.9) daysaweek, and visit duration was evaluated as 8 minutes
by Google Analytics. Duration of about 10 minutes per visit is
sufficient to not take too much time for introducing food and
physical activity, but still learn from the feedback received by
the app. Brouwer [8] reported visit durations to be from less
than 10-20 minutes.

In a recent literature review, Vandelanotte et al [10] reported
that better outcome measures on improvement of physical
activity wereidentified when participantsvisited theintervention
website more than five times. However, other studies reported
that only a minority of participants visited the intervention
website more than once [8,28].

The frequency of self-monitoring required for successful
outcomeswas not clearly answered in theliterature. In our study,
frequency of use of 3 times per week had an added value in
promoting healthy lifestyle as opposed to alower frequency of
use. Heavy users showed atrend of better outcomes and better
orientation to a healthy lifestyle compared with light users.

Adherence

The percentage of participantswho adhered to the app was 56%,
which is higher than described in other studies. However, it is
in line with the high frequency of app use.

In the review by Kelders [29], the adherence rate of 83
interventions was 50%, and in lifestyle Web-based interventions
it was only 33%. The adherence of a Web-based family
intervention for overweight children was reported to be 51.1%
in a 4-week study [30]. As expected, a gradual decline in the
use of the app was detected. The gradual decline in adherence
that was seen during the study is typical for Web-based
interventions. Studies reported that 25% of the sample continues
to self-monitor at the end of study [31,32]. However, some of

http://www.jmir.org/2015/3/e56/

Safran Naimark et d

them added in-person support. In our study, which did not
include any personal support, 27% (33) of users used the app
for the entire duration of the study (14 weeks). In the study by
Carter et a studying adherence to a smartphone intervention
[26], 12% of Web users (5 users) and 19% of smartphone users
(8 users) reported for 3 months. We can conclude at this point
that the adherence to the app was reasonable in our study,
although increased adherence would probably improve outcomes
even more.

The high rate of adherence in this study is also attributable to
convenience of use, among other factors. The design of the app
was oriented to enhance convenience of use. For example, the
app permits one to save frequently eaten meals and thus
eliminate the need for repeated searching and entry. The high
percentage of users evaluating the app as easy to use is very
encouraging.

Weight and Physical Activity Change

We showed that the mean change in weekly duration of physical
activity inthe app group increased in our study, with more users
progressing toward the recommended 150 minutes of moderate
activity per week. We also found a decrease in the weekly
duration of physical activity in the control group; this decrease
in the control group is an interesting finding. Our expectation
was that no change in any baseline measurements would occur
in the control group. Some RCTSs report a modest beneficial
effect for the participantsin control groups dueto contamination.
It may emphasize the importance of having atool to encourage
behavior change on a daily basis. Continuous monitoring by
the app provides immediate feedback on the daily and weekly
duration of physical activity and motivates for a behavior
change. Without this tool (control group) physical activity
duration is not consistent and depends on external factorsor on
the perception of the participant that the duration of physical
activity is sufficient; however, reality indicates differently.

In a pilot study of smartphone-assisted behavioral obesity
treatment [33], participants reported engaging in physical
activity an average of 125.1 (SE 10.8) minutes per week during
the first 12 weeks, and an average of 140.7 (SE 12.3) minutes
per week during the second 12 weeks.

Participation in 150 minutes of moderate physical activity each
week (or equivalent) is estimated to reduce therisk for ischemic
heart disease by approximately 30%, the risk for diabetes by
27%, and the risk for breast and colon cancer by 21-25% [2].
Furthermore, physical activity lowers the risk for stroke,
hypertension, and depression. It isakey determinant of energy
expenditure and thus fundamental to energy balance and short-
and long-term weight control [34]. An increased level of
physical activity/exercise, regardless of body weight or weight
loss, increases health [ 35]. Exercise offersaway to mitigate the
health-damaging effects of obesity, even without weight loss
[35,36]. Our findings show that users of the app increased the
duration of physical activity, thus moving towards a healthier
lifestyle. A larger percentage of heavy users increased the
duration of physical activity to 150 minutes and above, than
light users. Jing Wang [37] also reported that physical activity
may increase if recording the number of minutes engaged in
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physical activity becomesan integral part of the self-monitoring
regimen.

It isimportant to note that although the goal of the intervention
was weight maintenance, the app users lost significantly more
weight than the control group and a so gained lessweight, which
highlights the impact of the app. Our results are consistent with
studies that show a significant positive relationship between
self-monitoring diet, physical activity or weight, and successful
outcomes related to weight management [32].

Moreover, the same trend that more frequent app use leads to
better outcomes that was seen in other comparisons was also
seen regarding changein weight. Heavy userslost more weight
than light users. Theseresults arein line with other studies that
claim that more frequent self-monitoring was consistently and
significantly associated with weight loss compared to less
frequent self-monitoring [38-40].

Nutrition Knowledge and Diet Quality

We found that the app group received a higher score in the
nutrition knowledge and diet quality questionnaires compared
to the control group. Although the difference in the score
between baseline and follow-up was small, it captures an
increase in  knowledge regarding the nutritional
recommendations. This relatively small change can also be
attributed to selection bias due to the increased awareness of
our participants of healthy lifestyle. However, this relatively
small change in knowledge score is in line with a systematic
review on theimpact of computer-mediated nutrition education
programs for adolescents who also showed a small change in
nutrition knowledge [41].

However, even promotion of small changes in eating and
healthful eating can be used as preventive strategies for adults
[40]. According to the World Health Organization, adequate
consumption of fruits and vegetables reduces the risk for
cardiovascular diseases, stomach cancer, and colorectal cancer;
1.7 million deaths (2.8%) worldwide are attributable to low fruit
and vegetable consumption. Changesin specific eating patterns,
such asreducing food rich in saturated fat or transfat, can lead
to a hedlthier diet and weight. High consumption of saturated
fats and trans fatty acidsislinked to heart disease. Heavy users
improved their knowledge in contrast to the light users.

As the participants of the study were aready inclined to a
healthy lifestyle, the app wasthetrigger to implement what they
had aready known. Therefore, no difference between heavy
and light users regarding diet quality was seen. However, in
order to increase knowledge, the more one uses the app, the
more knowledge one gains.

Success Predictor

The success score estimates the effect of the intervention on
lifestyle by integrating all measured parameters, weight at
baseline, duration of physical activity, score of nutrition
knowledge, and quality of diet questionnaires, into acombined
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score. Frequency of the app use was found to be the key factor
affecting the success score. This finding supported our
hypothesis that the frequency of the app use is the key factor
for succeeding in maintaining or reducing weight, increasing
the duration of physical activity, and improving knowledge on
nutrition and diet quality.

Since studies on Web/mobile phone apps are very limited, this
analysis was performed only on our app and we could not
compare our findings to other studies.

Strengthsand Limitations

The app was evaluated in a randomized controlled trial. Most
of the study was performed online (i, the questionnaires and
the app), with little contact between the participants and the
researcher, which was limited to two meetings at the beginning
and end of the study. Our findings were achieved even though
there was no payment or any incentives given to the participants
and face-to-face contact was|limited to two meetings. Objective
(Google Analytics) tools were used to evaluate the usability of

the app.

However, the sample comprised predominantly adult,
well-educated, white females. Therefore, the results may not
be generdizable to some ethnic minority populations,
adolescents, males, or less educated persons. The two study
groups were unbalanced in size. The number of participantsin
the study group was almost twice the number in the control
group. This was because it was difficult to recruit participants
for the control group. The total sample was small and included
85 participants. The duration of the study was only 14 weeks.
A longer duration of 12 months or more and including various
biomarkers along the way is recommended for future studies.
Our findings can be used as an initial 3-month testing of our
intervention strategy.

Conclusions

Analysis of the RCT results indicate that the newly devel oped
app is effective, as reflected in high usability, increased
knowledge in nutrition, increased duration of physical activity,
and reduction in weight that were found in the app group only.

eBalance differsfrom commercially available appsinthat it has
taken an evidence-based approach and was guided by feedback
from potential system users, contains features to enhance
usability, feedback tailored to the user according to the DRI
recommendations, a large Ministry of Health-food database,
and physical activities database.

Testing the performance of the app in an RCT is unique and
highly important for selecting the appropriate tool for public
health. Evaluation of the app’'s efficacy was performed by
objective scientific tools. These results are promising in the
app’s potential to promote healthy lifestyle, although larger and
longer duration studies are needed to achieve more definitive
conclusions.
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Abstract

Background: Theprevalence of chronic diseases such astype 2 diabetes and chronic low back painisrising. Patient empowerment
isakey strategy in the management of chronic diseases. Patient empowerment can be fostered by Web-based interactive health
communication applications (IHCAS) that combine health information with decision support, social support, and/or behavioral
change support. Tailoring the content and tone of IHCAS to the needs of individual patients might improve their effectiveness.

Objective:  The main objective was to test the effectiveness of a Web-based, tailored, fully automated IHCA for patients with
type 2 diabetes or chronic low back pain against a standard website with identical content without tailoring (control condition)
on patients’ knowledge and empowerment.

Methods: We performed a blinded randomized trial with a parallel design. In the intervention group, the content was delivered
in dialogue form, tailored to relevant patient characteristics. In the control group, the sections of the text were presented in a
content tree without any tailoring. Participants were recruited online and offline and were blinded to their group assignments.
Measurements were taken at baseline (1), directly after the first visit (t;), and at 3-month follow-up (t,). The primary hypothesis
wasthat thetailored IHCA would havelarger effects on knowledge and patient empowerment (primary outcomes) than the control
website. The secondary outcomeswere decisional conflict and preparation for decision making. All measurementswere conducted
by online self-report questionnaires. | ntention-to-treat (ITT) and available cases (AC) analyses were performed for al outcomes.

Results: A total of 561 users agreed to participate in the study. Of these, 179 (31.9%) had type 2 diabetes and 382 (68.1%) had
chronic low back pain. Usage was significantly higher in the tailored system (mean 51.2 minutes) than in the control system
(mean 37.6 minutes, P<.001). Three months after system use, 52.4% of the sample was retained. There was no significant
intervention effect in the ITT analysis. In the AC analysis, participants using the tailored system displayed significantly more
knowledge at t; (P=.02) and more emotional well-being (subscale of empowerment) at t, (P=.009). The estimated mean difference
between the groups was 3.9 (95% CI 0.5-7.3) points for knowledge and 25.4 (95% CI 6.3-44.5) points for emotional well-being
on a0-100 points scale.

Conclusions; The primary analysis did not support the study hypothesis. However, content tailoring and interactivity may
increase knowledge and reduce health-related negative effects in persons who use IHCAs. There were no main effects of the
intervention on other dimensions of patient empowerment or decision-related outcomes. This might be due to our tailored IHCA
being, at its core, an educational intervention offering health information in a personalized, empathic fashion that merely additionally
provides decision support. Tailoring and interactivity may not make a difference with regard to these outcomes.
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Introduction

Long-term conditions such astype 2 diabetes (T2D) and chronic
low back pain (CLBP) are chronic diseases with high and still
rising prevalence [1,2], which cause a significant burden on
individuals as well as negative social and economic effects
[3-8]. Thus, there is a strong need for cost-effective ways to
improve the care of these long-term conditions.

Toimprove care of long-term conditions, patients, practitioners,
scientists, and politicians have called for agreater empowerment
of patients in the management of their chronic diseases [9].
Patient empowerment can be observed as a motivational
construct reflecting the ability to positively influence
self-management and health behavior. The main aspects of
patient empowerment are knowledge of the disease, its course
and treatment options, the ability to be involved in making
medical decisions and relate to health care providers [10], and
to manage one's health behavior and treatment regimens[11,12].
Schulz and Nakamoto additionally stressed that these factors
must be accompanied by avolitional component to better predict
changes in individuals behavior [13]. The most popular
definition of patient empowerment is probably that of Funnell
et al [14] who defined patient empowerment as “the discovery
and development of one's inherent capacity to be responsible
for one's own life. People are empowered when they have
sufficient knowledge to make rational decisions, sufficient
control, and resources to implement their decisions, and
sufficient experience to evaluate the effectiveness of their
decisions’. Patient empowerment and health-related knowledge
can be considered as predictors of improved self-management
and health outcomes [15,16].

In times of rapidly growing Internet adoption, the Web holds
the opportunity to deliver health information [17] and
self-management support [18] to large numbers of participants
at acomparatively low cost and at the preferred time, place, and
learning speed of the individuals. Existing systematic reviews
and meta-analyses of Internet interventionsin somatic diseases
aimed at improving lifestyles (smoking, alcohol consumption,
diet, physical exercise) show promising effects on either health-
or cost-rel ated outcome measures[19]. M ore specifically, recent
reviews and studies on Internet interventions for adults with
T2D [20,21] and CLBP [22-24] also found effects on
knowledge, self-efficacy, health behavioral changes, and clinical
outcomes. Evidencefor Internet interventions can also be found
with regard to effects on more proximal outcomes such as
patient empowerment [22,25,26] or specific antecedents and
mediators of patient empowerment [27].

http://www.jmir.org/2015/3/e53/

A specific application of Internet interventions combines health
information with at least one other type of support, for example,
social support, decision support, or behavior change support:
interactive health communication applications (IHCAS). These
Internet interventions are expected to improve the knowledge,
involvement in decision making, motivation, and self-efficacy
of users, resulting in enhanced patient empowerment [28]. This
improved empowerment can then enable usersto initiate changes
in health behaviors, which might result in improved clinical
outcomes[28,29]. A Cochrane review found that IHCAS could
have positive effects on knowledge, self-efficacy, and behavioral
and clinical outcomes. However, the authors demanded more
evidence regarding the most suitable application and delivery
approaches of IHCAs and the effects of IHCAs for different
chronic diseases [28].

Still, the effectiveness of those online applicationsislimited by
high attrition rates [30,31], and users often visit a health
intervention website only once [32-34]. A major body of
evidence suggests that the effect of online interventions
increases with the dose (longer stays, repeated website visits,
total contact hours) [35,36], and the effectivenessis maximized
if patientsintensively work with the information offered [37-39]
and return for repeated visits [40,41].

Computer tailoring strategies such as the individualization and
personalization of information, as well as an interactive
presentation, have been found to effectively increase the
exposure to [42] and effectiveness of Web-delivered
interventions [43,44]. However, these previous studies
predominantly focused on tailoring in health behavior change
interventions, with great variability in how the tailoring was
carried out. In addition to the question of which elements of the
intervention work, one remaining challenge of research with
regard to Internet interventions is finding out which delivery
methods (interactivity, tailoring, individualization) are effective
[45]. Therefore, evidence is especially needed with regard to
disease-specific tailoring and individualization strategies in
IHCAs for T2D and CLBP, focusing on more proximal
outcomes such as health-rel ated empowerment and knowledge.

In this randomized controlled trial, we compared a tailored
IHCA presenting information on T2D and CLBP,
self-management education, and decision support to a website
presenting the same information in a content tree without
tailoring. The primary hypothesis was that the tailored and
individualized delivery format hasagreater effect on knowledge
and patient empowerment than the control website. The
secondary hypothesis was that users, when facing a health
decision, experience less decisional conflict and feel better
prepared for the consultation after using thetail ored rather than
the control website. This paper reportsonthetria using thetwo
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guidelines that were published in 2011 on designing and
reporting Internet intervention research [18,46].

Methods

Study Design

We performed a blinded two-armed randomized controlled trial
with a paralel design. Measurements were scheduled
immediately beforethe first use of the system (t,), immediately
after use (ty), and at 3-months follow-up (t3). Knowledge
(primary outcome) and decisional conflict and preparation for
decison making (secondary outcomes) were assessed
immediately after thefirst visit. Patient empowerment (primary
outcome) was assessed 3 months after the first visit. All
measurementswere online sel f-assessment questionnaires. The
study design and procedures have been published in two study
protocols[47,48]. Therewere no important changesto the study
design, methods, or trial outcomes after trial commencement.
Data collection took place between August 2012 and April 2013.

Study Population

Thedigibility criteriawere age=>18 years, accessto the Internet,
sufficient computer/Internet literacy, and a self-reported
diagnosis of T2D or CLBP. CLBP was defined as pain in the
lower back almost every day for more than 12 weeks [49].

Recruitment

In general, based on the Cochrane review by Murray et a [28],
we expected asmall effect (Cohen’sd=0.2) of the IHCA. Based
on the review by van Vugt et al [20] for diabetes, and based on
a similar previous study [23] for patients with back pain, we
did expect that the tailored intervention would perform better
(d=0.2) than the control on the primary outcome knowledge for
both patient groups. Based on the meta-analysis by Samoocha
et a [25], we aso expected a small effect with regard to the
primary outcome empowerment for patients with T2D and
CLBP. To detect asmall effect with an alphaof .05 and a power
of .80 (one-tailed t test), a sample size of 310 (155 per group)
was required. Dueto the experiences of other Internet trials[40]
and the effect of incentives [50], we expected a dropout rate of
20% between registration and immediately after the first visit.
Thus, weaimed to include asample of 414 at baseline. Because
we were not aware of differencesin the dropout rates between
T2D and CLBP patients, we cal cul ated with the same expected
dropout rate for both groups.

Recruitment took place using a number of pathways. Two
pension funds and six heath insurance companies were
contacted to request whether they were interested in informing
their insurants about the study (eg, viatheir website, magazine,
or newsletter). Three outpatient treatment networks (in which
mainly primary care and specialized practices are organized),
15 diabetology practices, 15 practices specialized in CLBP, 87
primary care practices, six rehabilitation centers and hospitals,
seven patient associations, and 192 self-help groups were
contacted and asked whether they were interested in displaying
flyers. Additionally, information on the study and a link to it
were disseminated via the mailing list of a
population-representative online panel of the University of
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Minster. Information on the study was also available on the
study website. Information and links were placed on thewebsite
of the University Medical Centre Hamburg-Eppendorf, as well
ason websitesthat are structurally connected to the work group,
one externa private diabetes information website, and the
website of adoctors’ and therapists CLBP network. An article
was also published in a regional newspaper (Hamburger
Abendblatt).

Study Procedures

In this purely Web-based trial without any face-to-face
component, every person meeting the eligibility criteria could
register for the study on the study website (open survey on a
site created exclusively for the study) by providing a unique
email address and choosing a password for login. After
providing online informed consent and completing the
pre-assessment (T2D: eligibility criteria, demographic data,
time since diagnosis, treatment; CLBP: eligibility criteria,
demographic data, chronic pain grade [51]), the participants
were randomly assigned to the tailored system or the control
system with the content tree. The informed consent wasthefirst
page entered after login. The participants were told the
approximate length of time of the survey, where datawere stored
and for how long, who the investigators were, and the purpose
of the study. Consent was provided via checkbox.
Pre-assessments were completed after providing informed
consent and before randomization. Only users who had filled
in the pre-assessment were allowed to use the intervention
(mandatory survey). In the control condition, tailoring variables
(T2D: diabetes self-care[52], barrierstoinsulin treatment (BIT)
[53], knowledge; CLBP: coping style [54], knowledge) were
assessed immediately after randomization and before the
intervention. In the tailored version, coping style (CLBP) was
also assessed immediately after randomization and before the
intervention, whereas knowledge, diabetes self-care, and barriers
to insulin treatment were assessed throughout the intervention.
The reason for this is that when tailoring to coping style, the
user's coping type is determined in the beginning. At different
placesthroughout the intervention, messagesaretailored to this
pre-assessed type. However, when tailoring to knowledge,
diabetes self-care, and barriers to insulin treatment, there is no
typology. Instead, individual items are assessed at different
placesthroughout theintervention, and at that assessment point,
one single message istailored to the user’s answer to the single
item. Immediately after their first visit to the tailored IHCA or
the control website, al participants were asked to fill in the
post-assessment.

All participantsreceived an email 3 months after their first visit
asking them to fill in the online follow-up questionnaire.
Participants were reminded by email twice, at 2 weeks and 4
weeks after the first email. Because non-monetary incentives
have been shown to reduce attrition in online trials [50,55],
participants who had answered all questionnaires received a
€10 Amazon gift voucher. The voucher code was sent to them
by email at the end of the study.

Participants were free to use the intervention as often and as
long as they wished. Between the post and follow-up
assessments, no prompts or reminders were used. No
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recommendations were provided regarding the duration or
frequency of use, but the IHCA was designed to be used in one
“go”. Consequently, there were no prompts to use the
intervention. No payment was required. Information on the
frequency and duration of usage was gathered via server
registrations. Usage data, data from the self-assessment
guestionnaires, and personal data such as name and email
addresswere saved separately. Datawere pseudonymized. After
data collection, persona data were deleted. If participants
withdrew their informed consent to study participation, their
data were immediately erased. All data will be erased 5 years
after the end of the study.

The study was approved by the Hamburg Medica Chamber
ethics committee.

Treatment Allocation

The informed consent outlined that participants would be
randomly assigned in consecutive order (50:50) to one of two
presentation formats holding the same content. The random
alocation (simple randomization) of the participants was
automatically performed by the software program, which also
provided the website and triggered automatic emails to
participants. This centralized, software-driven, computerized,
simple randomization procedure to the intervention or control

http://www.jmir.org/2015/3/e53/
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group assured the conceament of alocation, so that
randomization could not be subverted by the team of researchers.
Thetwo formatswere not further elucidated, so participantsdid
not know whether they werein the intervention or control group.

Description of the I ntervention and Control Conditions

The tailored IHCA is designed as a stand-alone intervention
that complements usual care. The T2D content of both the
tailored IHCA and the control website covered basic information
on diabetes (pathophysiology, epidemiology, subtypes,
symptoms) and its sequelae (neuropathy, nephropathy,
retinopathy, heart and vessel problems, sexual dysfunction, and
depression), information on heath behavior and lifestyle
changes, and treatment options (see Table 1). The CLBP content
covered essential information on CLBP (physiology of pain,
acute vs chronic pain, chronification, epidemiology,
psychological aspects, coping and pain management) and related
psychological problems (depression, anxiety), diagnostic
procedures, and treatment options (pharmacological and
non-pharmacological; see Table 1). The look of the website
(colors, font, figures, and pictures) was identical in both
conditions. After registration, each participant received a
password via email with which they could log onto the system
as often as they wished.
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Table 1. Overview over the IHCA contents.

Weymann et al

Type 2 diabetes

Chronic low back pain

1. Introduction: What is this website?

1.1. Where does the information on this site come from?
2. Basics

2.1. Different diabetes types

2.2. How do | know | have type 2 diabetes?

2.3. What causes type 2 diabetes?

2.4. How many people live with type 2 diabetes?
2.5. How istype 2 diabetes diagnosed?

2.6. Diabetes ABCs

2.7. Blood sugar control

3. How istype 2 diabetes treated?

3.1. What are the goals of diabetes treatment?
3.2. What can you do to treat your diabetes?

3.3. When should you consider taking pills?

3.4. Insulin treatment

3.5. Summary and overview of the treatment options
4. Acute complications and sequelae

4.1. Which acute complications can occur?

4.2. Which sequel ae can occur?

5. Additional information and literature

5.1. Associations and self-help

5.2. Websites

5.3. Journals

5.4. Books

6. Glossary

7. Legal notice

8. References

1. Introduction: What is this website?

1.1. Where does the information on this site come from?

2. CLBPBasics

2.1. Physiological basics: back, spine, and intervertebral discs
2.2. What exactly is pain?

2.3. What is the difference between acute and chronic pain?
2.4. Why does the pain stay when the physical injury heals?
2.5. How many people live with CLBP?

2.6. Managing CLBPin everyday life

3. How is CLBP diagnosed?

3.1. How much diagnostics makes sense and at which point?
3.2. Diagnostic options

4. How is CLBP treated?

4.1. How much treatment makes sense and at which point?
4.2. What is the natural, untreated course of CLBP?

5. Are there accompanying conditions or sequelae of CLBP?
6. Treatment options

6.1. How do | recognize good treatment?

7. Summary

8. Additional information and literature

8.1. Associations and self-help

8.2. Websites

8.3. Journals

8.4. Books

9. Glossary

10. Legal notice

11. References

Tailored Condition

tailored answer that mirrored what the user had said, respected
disagreement, conveyed esteem, and empathy and built an

In the tailored condition, the delivery format was a
dialogue-based, tunneled design tailoring the content and tone
of the dialogue to relevant patient characteristics. It was
developed based on two preliminary studies exploring the
quality of existing websites [56] and assessing patient needs
[57]. A tunneled design, in which the user is guided through
the content, has been found to increase website use and
knowledge gained from awebsite more than adesign with more
user control [58]. Still, it might annoy the user and evoke
resistance [59]. Consequently, we decided to give the user some
control over the path they take through the dialogue: at the end
of each text passage, the user chose one of at |east three reply
options. These options alwaysincluded at least one answer that
expressed disagreement or doubt. The user then received a

http://www.jmir.org/2015/3/e53/

individualized bridge to the next content block. It was not
possibleto skip awhole content block (meaning the subheadings
in Table 1), but it was possible to view the content in more or
less detail.

Tailoring was performed using the following characteristicsfor
diabetes patients: current T2D knowledge and preferred level
of detail, attitudes toward self-care, and, if insulin treatment
was a relevant topic, psychological barriers to it. The
guestionnaires that assessed patient characteristics were
presented during the dialogue. At the beginning of the respective
section (eg, diabetic foot), the participant was asked about their
knowledge or attitude toward the topi ¢, and the following section
was then modified according to their answer. Figure 1 shows
such a dialogue window.
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Figure 1. Dialogue window.
B3 | Entscheidungshilfe.info | + ‘
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|2} Meistbesucht | | Erste Schritte

Aber was passiert eigentlich, wenn man an Diabetes erkrankt? Warum unterscheidet man nach
Diabetes Typ 1 und Typ 27

Im Grunde genommen dreht sich alles ums Insulin.

Damit unser Kérper den Zucker in die Zellen aufnehmen kann, um ihn dann zu Energie
umzuwandeln, braucht er das Hormon Insulin. Es wird normalerweise von der
Bauchspeicheldriise hergestellt.

Beim Typ-1-Diabetes richtet sich das eigene Immunsystem gegen die Insulin produzierenden
Zellen der Bauchspeicheldriise und zerstért sie. Es handelt sich um eine sogenannte
Autoimmunerkrankung. Bei deren Entstehung spielen erbliche (genetische) Faktoren und
Umwelteinflisse eine Rolle. Uber viele Jahre kammt es zu einem stetigen Verlust der Zellen, die
Insulin produzieren, bis irgendwann der Blutzucker nicht mehr in normalen Grenzen gehalten
werden kann.

Der Typ-1-Diabetes tritt vorwiegend zwischen dem 12. und 24. Lebensjahr auf. Typ-1-Diabetes
muss unbedingt mit Insulin behandelt werden, sonst kommt es zu schweren Komplikationen, im
schlimmsten Fall mit einem tédlichen Ausgang.

Die Abbildung zeigt, wo im Kérper die Bauchspeicheldrise (Pankreas) sitzt.
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X
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' Und was ist dann Typ-2-Diabetes?
' \Wie unterscheidet sich Diabetes Typ 2 vom Typ 17
' Ich dachte, alle Diabstiker haben Typ-2-Diabetes.

ok

important”, and “not important”. The goal and techniqueswere

Diabetes Section and its Tailoring inspired by Motivational Interviewing, acounseling method for
Users' attitudes toward self-care were assessed with itemsthat  addressing ambivalence about change [60].

we adapted from the Summary of Diabetes Self-care Activities
Measure (SDSCA) [52] to match the respective content section
(see Table 2). Users were asked how important a certain
self-care activity or piece of adviceisfor them. Every item had
three reply options. “important or very important”, “a little

For example, if auser attached great importanceto the self-care
behavior in question, this behavior was reinforced, positive
consequences of the self-care behavior were stressed, and/or
ideas were provided on how to keep up motivation. If a user
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found the self-care behavior in question “alittle important”, an
understanding of the users' ambivalence was expressed, and
theimportance the user attached to the self-care behavior (little
as it might be) was stressed and reinforced. Findly, if a user

Weymann et al

rated the self-care behavior as not important, the autonomy

expressed in this answer was respected in order not to elicit

resistance. Table 2 shows an example of self-care tailoring.

Table 2. Example of self-care tailoring: Response to “If you fedl thirsty and urinate frequently, it usually means your blood sugar is...”.

Response options Reply

High (correct answer)

That's correct! If you want to learn more about what happens in the body and how you

know that you have type 2 diabetes, you can go into more detail. Otherwise you can
proceed to the next question.

« I'dliketo learn more about that topic.
« I'dliketo proceed to the next question.

Low (wrong answer)

No, that’snot correct. Actually, it'sthe other way around: When you havetype 2 diabetes,

thereistoo much sugar in your blood. Unfortunately, you don’t redlizeit in the beginning.
However, there are warning signs. The most important signsare|...]

| don’t know

That's ok, [name], that’s what we are here for: to learn, for example, what high blood

sugar does to your body.

When you have type 2 diabetes, there is too much sugar in your blood. Unfortunately,
you don't realizeit in the beginning. However, there are warning signs. The most important

signsare|...]

Psychological barriersto insulin treatment were assessed using
the Barriersto Insulin Treatment (BIT) questionnaire[53]. The
BIT assesses the following expectations regarding insulin
treatment: fear of injection and self-testing; expectations
regarding positive insulin-rel ated outcomes; expected hardships
frominsulin treatment; stigmatization by insulininjections; and
fear of hypoglycemia. Therearetwo or threeitems per subscale.
In every item, a certain hope or fear with respect to insulin
treatment is expressed (eg, “I am afraid of the pain when
injecting insulin). The user is asked to rate their agreement on
ascalefrom 1 (completely disagree) to 10 (completely agree).
A score from 1-10 can be calculated for each subscale. A
validating and understanding (if a fear was expressed) or
reinforcing (if ahope was expressed) answer wasgiven. If there
was a sign of fear (score >1), further information on the topic
in question was provided.

http://www.jmir.org/2015/3/e53/

Chronic Low Back Pain Section and its Tailoring

For CLBP, the concepts of coping style according to the
avoidance endurance model (AEM) [37] and current CLBP
knowledge and preferred level of detail were used for tailoring
the provided information to the individual preferences of the
users. The individual coping style was assessed using a
guestionnaire, which was presented before starting the dialogue.
There are four AEM subtypes:. the “ depressed endurer”, which
ishigh endurance coping (EC) and high depressiveness (D), the
“happy endurer”, which is high EC and low D, the “ depressed
avoider”, which means low EC and high D, and the “adaptive
coper”, which means low EC and low D (see Table 3). During
the virtual conversation, the content, tone, and messages were
tailored to the coping style of the individual user. The items
that assess CL BP knowledge were presented during the dialogue.
In the beginning of the respective section (eg, physiological
basics), the user was asked about their level of knowledge on
this subject. Depending on the response, the subsequent section
was accordingly amended.
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Table 3. Example of tailoring to coping style (CLBP).

Weymann et al

Coping type

Adaptive coper

Happy endurer

Depressed endurer

Depressed avoider

Description of coping style

Take home message

You go about your painina
matter-of-fact manner. You
know that on one hand, there
is no serious disease behind
it but that on the other hand,
it can signal to you physical
strain. You are good at tak-
ing short breaks at the right
time to keep up your daily
routine—maybe temporarily
alittle slower than usual.

Keep on like that! Make ex-
ercise part of your routineif
you haven’t yet. Choose
something fun and back-
friendly. If you strengthen
your muscles and stick to
your relaxing breaks, the
pain should soon vanish.

You tend to keep going in
your daily routine even if
thepainisstrong. Thisis, on
one hand, a personal
strength. However, at the
same time, you run the risk
of actually straining your
muscles, ligaments, joints,
and intervertebral discs.

Even if it's hard, try to pay
more attention to your pain
and take breaks early
enough. Keep working, do
things that are pleasant and
fun, and keep moving — but
remember to pause when
you might need to!

You are amulti-tasker. Say-
ing “No” to someone or not
getting things done is hard
on you. To meet require-
ments and get things done,
you push yourself to your
limits and beyond. Often,
you don’t listen to your
body beforeit is over-
strained.

Reconsider what you are
asking fromyourself: doyou
really have to demand so
much? Maybe there are
timeswhen it is possible to
|eave something undone, to
doit o.k. instead of perfect-
ly, or to ask for assistance.
These things are closely re-
lated to your pain.

You are unsettled by your
pain. You are worried that
there might be aserious dis-
ease behind it, and / or you
avoid activities that might
increase the pain.

Pain is unpleasant but not
dangerous. Don't let it suffo-
cate you. Expand your limits
step by step, and make
pleasant activities a part of
your everyday life.

Control Condition

On the control website, the content was not tailored and was
not presented in a dialogue format. In contrast to the tailored,
interactive version, the control website was not tunneled, and

each page, a content tree displayed amenu of al content sections
that the participant could click on to get to the content of interest

there was no guidance through the content. On theright side of

http://www.jmir.org/2015/3/e53/
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(see Figure 2). On both the intervention and control websites,
the institutional affiliation of the University Medical Center
Hamburg-Eppendorf was displayed at the top of each webpage.
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Figure 2. Control window.
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I efinition Disbetes melitus | Entscheidungsh | -+ I —

L ﬁ www entscheidungshilfe.info/control-diabetes /definition

|2l Meistbesucht {_} Erste Schritt=

Universitatsklinikum
Hamburg-Eppendorf

Zum Anfang Begriffserklarungen Abmelden

Definition Diabetes mellitus

Lieferant fiir die Gewinnung von Energie in unserem Kérper ist Zucker, den wir mit den

Lebensmitteln aufnehmen. Energie brauchen wir gleichmafig Gber den Tag verteilt

Mechanismus des
Blutzuckerhaushalts

Wir essen aber nur ein paar Mal am Tag. Deshalb ist ein
System notwendig, das den Zucker speichert und gleichmafig
ins Blut ausschittet. Diese Aufgabe Gbemimmt die Leber.

Damit der Blutzuckerwert gleichmaiig bleibt, braucht die
Leber Signale. Das Hor-mon Insulin erfiillt eine solche
Signalfunktion: Wenn zu viel Zucker im Blut ist, schittet die
Bauchspeicheldriise (Pankreas) das Hormon Insulin aus und
signalisiert damit der Leber. dass sie die Zuckerausschiittung
herunterfahren soll. Gleichzeitig sorgt das Insulin dafiir, dass
der Zucker in die Zellen aufgenommen werden kann. Steigt der
Blutzucker, wird mehr Insulin produziert. So kann der
Blutzucker wieder gesenkt werden. Dieser
Regulationsmechanismus bei gesunden Menschen sorgt dafiir,
dass der Niichtemblutzucker in einem idealen Bereich liegt
(zwischen 60 und 110 mg/dl). Auch nach dem Essen
bersteigt er den Wert von 200 mg/dl nicht

|

Leber

Wenn man zuckerkrank ist, funktioniert dieser Kreislauf nicht
richtig. Es bleibt standig zu viel Zucker im Blut. Der
Nachternblutzucker liegt iber dem oberen Grenzwert (=126

Blutzuckerspiegel steigt

Pankreas

Blutzuckerspiegel sinkt

Diabetes mellitus

Home

Leitlinien Typ-2-Diabetes
Grundlagen

@ Definition Diabetes mellitus
= Diabetes-Typen

= Symptome

= Entstehung

@ Verbreitung

= Diagnose Typ-2-Diabetes
@ ABC des Diabetes

4—N

Umgang mit der Erkrankung im Alltag

@ Blutzuckerkontrolle
@ Methoden der Blutzuckermessung
= Haufig gestellte Fragen

Behandlung von Typ-2-Diabetes

= Behandlungsmaglichkeiten
= Behandlungsziele

@ Diabetes selbst behandeln
= Sport und Bewegung

= Jabletten

mg/fdl). Nach dem Essen kann er auf Werte tber 200 mg/dl Pankreas
. - @ Blutzucker senken
ansteigen. Der Arzt nennt diese Erkrankung Diabetes mellitus T b
Warum die Regulation des Blutzuckers nicht richtig e |e.
@ Insulin verabreichen
funktioniert, kann verschiedene Griinde haben. Man e ———
@ g
unterscheidet deshalb verschiedene Formen von Diabetes \ 7

Potential Risksfor Participants

Research focusing on the negative effects of Internet
interventions is scarce. One recent study on the side effects of
Internet interventionsfor social anxiety disorder found that 14%
of participants experienced negative effects, of which the most
frequent wasthe emergence of new symptoms|[61]. Concerning
long-term conditions like T2D or CLBP, possible negative
effects on cognitive or emotional variables such as self-efficacy
or anxiety should be considered, because of high demands
concerning self-management tasks or fear-inducing information.
However, several recent reviews did not find any
contraindications or negative side effects of IHCAs[21,28].

I ntervention Development and Trial Design

The development process was user-oriented, evidence-based,
and peer-reviewed. Two preliminary studies were conducted
informing intervention development. To find out which topics
are relevant to patients with T2D or CLBP, we performed a
needs assessment with two steps. First, we conducted
semistructured interviewswith 12 physicians (T2D: 7 internists,
2 of whom were specialized in diabetology; CLBP: 5 physicians
specialized in orthopedics) and 19 patients (10 with T2D, 9 with
CLBP). Inthe second step, a self-assessment questionnaire was
developed based on the main results of the interviews, and it
was administered to a new and larger patient sample (T2D:
N=178, CLBP: N=117). The needs assessment for T2D is

http://www.jmir.org/2015/3/e53/
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described in more detail elsawhere [57]. We then conducted a
cross-sectiona study on the information and support available
online, evaluating the formal quality, usability, and presence
and quality of decision support of websites for CLBP or T2D.
The results on T2D have been published elsewhere [56]. To
ensurethat theinformation is evidence-based, selected treatment
guidelines were used as primary sources. Based on review
articles [62,63] and up-to-dateness, the British [64] and the
American [65] T2D guidelineswere chosen. For CLBP, certain
guidelines [49,66,67] and Cochrane reviews [68-73] were
chosen. Thetheoretical foundations and the devel opment of the
T2D IHCA are described in more detail elsewhere [74].
Programming and graphic design were performed by the Gaia
AG, a subcontractor specializing in Web-based health
interventions. Theintervention was not changed during thetrial.

Outcomes Assessment

The primary outcomes were knowledge (assessed immediately
after the first visit) and patient empowerment (assessed at
3-months follow-up).

T2D knowledge was assessed immediately after the first visit
with 16 items, and CLBP knowledge was assessed with 29
items. The items were developed to map the content covered
inthe sections of thetailored IHCA and could be answered with
true/false/l don’t know.
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For the context of long-term conditions, patient empowerment
was defined asafeeling of confidence and the ability to manage
the challenges resulting from the chronic disease [10]. An
empowered patient can better understand and participatein care
processes, use resources, and measures to reduce negative
emotions, and enhance strategies to cope with chronic disease.
Consequently, patient empowerment includesintrapersonal and
behavioral dimensions [75]. However, at the time this study
started, we could not identify a generic, adequately validated
guestionnaire of empowerment for general use in long-term
conditions as reported by a systematic review [76]. Patient
empowerment was therefore measured with the Health
Education Impact Questionnaire (heiQ) [77,78]. The heiQ
includes 42 items and eight dimensions: Positive and Active
Engagement in Life, Heath Directed Behavior, Skill and
Technique Acquisition, Constructive Attitudes and A pproaches,
Self-Monitoring and I nsight, Health Service Navigation, Social
Integration and Support, and Emotional Well-being. Schuler et
al [79] trandlated the questionnaire into German and evaluated
its psychometric properties (Raykov's Composite Reliability
Coefficient, factorial and concurrent validity). They were able
to replicate the structure of the eight scales and found the
guestionnaire to be areliable and valid measure. We removed
Social Integration and Support from our testing battery because
we did not expect an effect of our IHCA on that dimension.
Although these 7 hei Q scales may not comprehensively measure
the multidimensional construct of empowerment given, the
selected scales do cover the intrapersonal and behavioral
dimensionsthat are part of health-related empowerment. Patient
empowerment was assessed only at 3-monthsfollow-up because
we expected changes on the heiQ to take more time.

The secondary outcomes were decisional conflict and
preparation for decision making, assessed immediately after the
first visit. Decisional conflict was assessed with the Decisional
Conflict Scale (DCS) by O’ Connor [80,81]. Thisquestionnaire
measures personal perceptions of uncertainty in choosing
options, modifiable factors contributing to uncertainty such as
feeling uninformed, unclear about personal values, and
unsupported in decision making, and effective decision making
such as feeling that the choice is informed, values-based, and
likely to be implemented and expressing satisfaction with the
choice. Reliahility isgood, with a Cronbach alpha between .78
and .92 [80]. Thediscriminant validity isacceptable. Preparation
for decision making was measured with the Preparation for
Decision Making Scale (PDMYS).

Preparation for decision making was measured with the
Preparation for Decision Making Scale (PDMS) [82,83]. This
11-item scal e assesses a patient’s or participant’s perception of
how useful a decision aid or decision support intervention was
in preparing them to communicate with their practitioner in
making a health decision. The reliability is very good, ranging
from alpha=.92 to alpha=.94. Both questionnaires were offered
only to those participants who had indicated that they were
facing a health decision concerning their T2D or CLBP.

To avoid missing data, all questionnaires included validation
checks that aerted participants when their answers were
implausible or when items were skipped. Usage data were
assessed via log files. Before going online, the usability and

http://www.jmir.org/2015/3/e53/
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technical functionality of the electronic questionnaire wastested
by members of the research team. All outcomes were
sel f-assessed through online questionnaires. The questionnaires
were not validated for online use.

Statistical Analysis

Baseline Data

Data on sample characteristics were analyzed using t tests (for
metric data) and chi-square tests (for categorical data) to test
for differences between treatment groups. A dropout analysis
was performed to test for possible attrition bias. The effects of
the intervention (tailored vs control condition), disease (T2D
vs CLBP), gender, age, education, family status, and
employment status on attrition were evaluated using t tests (for
metric data) and chi-square tests (for categorical data).

I ntention-to-Treat Analysis

To evaluate the effectiveness of the tailored IHCA, multiple
linear regression analyses were performed using theintervention,
the disease, and their interaction term as dummy-coded
predictors. Intention-to-treat (ITT) and available cases (AC)
analyses were performed for al outcomes. The ITT approach
pooled 10 analyses, estimating missing values by a multiple
regression approach using all outcomes, demographic data, and
diseases but not intervention information for multiple data
imputation (MI). In the primary ITT analysis, a corrected |level
of significance was used for testing the eight primary outcomes
(Bonferroni adjustment); thus, the results with a type | error
rate of P<.001 were considered dtatistically significant. For
secondary outcomes, P<.05 was used.

Sensitivity Analysis (Available Cases)

The AC analysis included al of the available participants
providing valid dataon t; and/or t,. In both analyses, estimated
marginal means with standard errors for both the tailored and
control conditions were calculated with analysis of variance
(ANOVA). Additionaly, these parameters were also retained
for subgroups stratified by condition. Inall AC anayses, results
with atype | error rate of P<.05 were considered statistically
significant. All analyses were performed using SPSS 18.0.

Results

Participant Flow

A total of 561 users agreed to participate in the study. Of these,
179 (31.9%) had T2D, and 382 (68.1%) had CLBP. Analyzable
data (availability of at least basic demographic information such
as age and gender) at t, were available from 551 users. For data
analysisat t;, datafor 360 participants was available (availability
of data for at least one of the outcomes of t;). Three months
after system use, the questionnaires of 295 participants contained
data on at least one of the three outcomes at t, and could thus
be used for analyses (Figure 3). There were no significant
differenceswith regard to gender, age, family status, educational
level, or working status between those participants who provided
all questionnaires and those who dropped out of the study after
providing at least demographic data. Participantswith T2D who
were treated with oral anti-diabetics provided data at
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t,significantly more often than those who were treated with

dietary changes or insulin. Those participants who provided
data at t; spent significantly more time using the system, and

participants in the tailored condition spent significantly more
timeinthe lHCA than participantsin the control condition spent
in the control website (see Table 4).

There was aso selective dropout between t, and t;among
participants with CLBP. At t;, participants with CLBP were

Weymann et al

significantly (P=.015) younger in the tailored condition (mean
48.0; SD 12.9) than in the control condition (mean 52.0; SD
12.7). Additiondly, there are significantly (P=.021) more
participants with higher education in the tailored condition
(62.6%) than in the control condition (48.9%). Among the
participants with T2D, there was no selective dropout between
toand t;. At t,, there were no significant differencesin either of
the two diseases (T2D or CLBP).

Figure 3. Flow of participants after randomization (I T T=intention-to-treat, AC=available cases).
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Basaline Data

Themean agewas52.2 years (SD 13.1) in thetailored condition
and 52.7 years (SD 13.0) in the control condition. Of the
participants using the IHCA, 58.5% (162/277) were female
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(control condition: 59.1%, 162/274). Therewere no statistically
significant differences in further demographic variables such
asmarital status, educational level, and working status. Sample
characteristics are shown in Table 4.
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Table 4. Sample characteristics®

Weymann et al

Tailored condi-  Control condi-  Baseline differences (tailored vs  Total t; Dropout analysis (tjavailable vs
tiontg tionty control condition), (n=360) tynot available),
(n=277) (n=274) P value P value
Female, n (%) 162 (58.5) 162 (59.1) A74 216 (60.0)  .467
Ageinyears, mean (SD) 52.2 (13.1) 52.7 (13.0) .668 51.8(13.1) .116
Family status, n (%)
Single 67 (24.2) 77(28.1) 742 100 (27.8) 341
Married 162 (58.5) 150 (54.7) 194 (53.9)
Divorced 39 (14.1) 37 (13.5) 52 (14.4)
Widowed 9(3.2 10(3.6) 14 (3.9)
Educational level, high®,
n (%) 148 (53.4) 140 (51.1) .322 198 (55.0) .089
Working status, em- 145 (55.6) 160 (58.4) .282 207 (57.5) .786
ployed, n (%)
Years since diagnosis’,
mean (SD) 11.1(7.6) 10.5(8.0) .649 10.7 (8.2) .858
Current diabetes treatment 2
Dietary change 40 (44.4) 46 (51.7) 371 57 (50.0) 535
Insulin 35(38.9) 25(28.1) 154 43 (37.7) 139
Oral anti-diabetics 59 (65.6) 55 (61.8) .643 80 (70.2) .023
Disability score”, mean
(SD) 41.4 (22.5) 42.7 (22.8) 573 42.2(20.9) .855
System usagein minutes, 51.16 (39.7) 37.6 (35.0) <.001 49.7(35.1) <.001
mean (SD)

8, = demographic data available (ITT population); t;= at least one outcome after intervention reported.

Brmore than 10 years of education.

Cor patients with diabetes.
dror patients with back pain.

Intention-to-Treat Analysis

The following results were obtained using the ITT approach
including all randomized participants. The results of the
sensitivity analysis using the available cases approach are
reported in a separate section. Table 5 shows all of the results
in detail.

Knowledge | mmediately After the First Visit (t,)

With regard to knowledge of T2D or CLBP usersin thetailored
condition had a mean score of 77.9 (SE 1.2) compared with
76.3 (SE 1.3) inthe control condition. There were no significant
differences between groups (P=.53). There was, however, a
significant difference between users with T2D and CLBP
(P<.001), indicating higher knowledge scoresin the T2D group.
In addition, we observed asignificant interaction effect between
intervention and disease (P=.04), more strongly favoring the
tailored condition over the control conditionin CLBP (estimated
mean difference of 4.6 [95% Cl 1.0-8.2] pointson a0-100 points
scale) than in T2D participants (estimated mean difference of
-1.6 points[95% ClI -7.4 to 4.2] on a 0-100 points scale).

http://www.jmir.org/2015/3/e53/

Patient Empowerment at 3-Month Follow-Up (t,)

The heiQ does not provide a total score for patient
empowerment. Table 5 showsthe resultsfor the seven included
dimensions. There was no significant intervention main effect
or interaction. However, there was a significant disease main
effect on the dimensions Skill and Technique Acquisition
(P=.01) and Self-Monitoring and Insight (P=.04), both indicating
higher scores for userswith T2D.

Decisional Conflict Immediately After the First Visit (t,)

There was a highly significant disease main effect. After the
first use of the system, decisional conflict was lower in the
CLBP group than in the T2D group (P<.001). There was no
significant intervention main effect and no significant
interaction.

Preparation for Decision Making | mmediately After the
First Visit (t,)

There was no significant main effect or interaction.
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Table5. Resultsof ITT and AC analyses.

N Tailored condition Control condition Interven-  Disease Interven-
T2DM  CLBRM Tod, T2D,M CLBRM Tod, seogon To" effect oo dis
(SB)  (sB) M(SE) (SB)  (sB) M (SE) P o
Intention-to-treat analysis
Primary outcomes
Knowledge 551 81.3(19) 74412 779 829(2.3) 69.8(14) 763 .53 <.001 .04
(12 (13
Positiveand activeen- 551 71.9(25) 69.7(1.8) 70.8 714(23) 709(18) 712 .88 .86 43
gagement in life (1.4) 1.9
Health directed behav- 551 63.5(3.9) 68.7(24) 66.1 63.7(3.3) 683(24) 66.0 97 .28 .92
ior (2.9 (2.0
Emotional well-being 551 68.8(3.9) 63.2(2.8) 66.0 62.6(3.7) 602(28) 614 .28 .60 .66
(26) (23
Constructive attitudes 551  78.3(2.9) 754(21) 76.8 75.8(25) 756(19 757 498 .95 .59
and approaches (2.9 (1.6)
Skill and techniqueac- 551  77.6(2.6) 651(1.7) 71.4 75.8(29) 676(17) 717 .62 .01 .36
quisition 1.5) 1.8
Self-monitoringandin- 551  80.1(2.1) 70.8(1.4) 754 7952 734(1.3) 765 .85 .04 .52
sight (1.4 1.2
Hedlth servicenaviga= 551 77.9(3.1) 70.0(21) 739 74029 69.7(1.8) 718 .32 24 44
tion (2.0 (1.6)
Secondary outcomes
Decisional conflict 551 79.7(23) 61.3(1.6) 705 755(2.3) 60.3(1.7) 679 .15 <.001 .33
(1.5) (1.4
Preparationfor decision 551 60.5(3.4) 53.8(25) 56.7 576(3.7) 51.2(23) 544 .57 14 .85
making (2.2) 2.2)
Available cases analysis
Primary outcome
Knowledge 330 811(19 771(14) 791 81.8(2.1) 68.7(13) 752 .02 <.001 .008
(1.2) (1.2)
Positiveand activeen- 295 71.8(2.6) 69.9(1.8) 70.9 71.3(2.8) 71.3(1.8) 713 .86 .68 .68
gagement in life (1.6) (1.6)
Hedth directed behav- 295 63.0(3.4) 69.4(25) 66.2 64.9(3.7) 68.7(24) 66.8 .84 .10 .68
ior (2.2) 2.2)
Emotional well-being 295 70.8(3.7) 66.1(2.6) 685 60.7(3.9) 59.3(25) 60.0 .009 .35 .60
(23) 2.3)
Constructive attitudes 295 78.8(2.8) 76.1(2.0) 775 32(0.09) 745(3.0) 752 .30 .68 .51
and approaches @7 (1.9)
Skill and techniqueac- 295 78.3(2.4) 64.3(17) 713 75.0(26) 688(16) 719 .78 <.001 .06
quisition (1.5) (1.5)
Self-monitoringandin- 295  80.3(1.9) 70.0(1.3) 752 79.3(20) 747(13) 770 27 <.001 .09
sight 1.2 .2
Hedlth service naviga- 295 79.1(2.7) 71.2(19) 75.2 734(29) 698(1.8) 716 A3 .02 37
tion (1.6) (1.7)
Secondary outcomes
Decisiona conflict 324 79.9(24) 619(1.8) 709 748(2.7) 60.4(17) 67.6 13 <.001 A7
(15 (1.6)
Preparationfor decison 324 61.0(3.3) 52.1(24) 56.4 55.7(3.6) 51.2(22) 535 .29 .02 A7
making (2.0) 2.1
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Sensitivity Analysis (Available Cases)
In addition to the ITT approach, we performed all calculations
following the AC approach, including only participants who
filledinall of the questionnaires. Theaim of this procedurewas
to determine the extent to which missing data impacted the
results reported above (sensitivity analysis).

Knowledge | mmediately After the First Visit (t,)

The AC analysis showed a significant intervention main effect
for knowledge (P=.02) indicating higher scoresfor thetailored
condition (mean 79.1, SE 1.2) than for the control condition
(mean 75.2, SE 1.2). The estimated mean difference between
groupswas 3.9 (95% Cl 0.5-7.3) pointson a0-100 pointsscale.
There was a dignificant disease x intervention interaction
(P=.008) for knowledge, indicating the superiority of thetailored
condition over the control condition in CLBP (estimated mean
difference of 8.4 [95% CI 4.7-12.1] points on a 0-100 points
scale) but not in T2D participants (estimated mean difference
of -0.7 [95% CI -6.5 to 5.1] points on a 0-100 points scal€).
Additionally, there was a significant disease main effect for
knowledge favoring the T2D group.

Patient Empowerment at 3-Month Follow-Up (t,)

We found a significant intervention main effect for Emotional
Well-being (meaning less health-related negative effects such
as anxiety, anger, and depression [78]) (P=.009) favoring the
tailored condition (mean 68.5, SE 2.3) over the control condition
(mean 60.0, SE 2.3). The estimated mean difference between
groups was 25.4 (95% CI 6.3-44.5) points on a 0-100 points
scale. Finally, there were significant disease main effects for
Skill and Technique Acquisition (P<.001), Self-Monitoring and
Insight (P<.001), and Hedth Service Navigation (P=.02)
favoring the T2D group.

Decisional Conflict Immediately After theFirst Visit (t,)

We found a significant disease main effect (P<.001) showing
more decisional conflict in the T2D group.

Preparation for Decision Making | mmediately After the
First Visit (t,)

There was a significant disease main effect (P=.02) indicating
higher scores for the T2D compared with the CLBP group.

Discussion

Principal Findings

In a randomized controlled trial, we compared a Web-based,
tailored, dialogue-based information system containing
information on T2D or CLBP (tailored condition) with awebsite
providing identical information without dialogue structure,
tailoring, or interactive elements (control condition). The
primary outcomes of the trial were knowledge and patient
empowerment. Secondary outcomes were decisional conflict
and preparation for decision making.

We expected that the tailored IHCA would be more attractive
than the control website, be used more, and would thus lead to
more knowledge and more empowerment. Indeed, participants
spent significantly more time with the tailored website than the

http://www.jmir.org/2015/3/e53/

Weymann et al

control website. Still, this did not lead to more knowledge or
empowerment in the primary ITT analysis. Inthe AC analysis,
the participants in the tailored condition displayed more
knowledge at t; and more Emotional Well-being at t,. This
indicates that the tailored IHCA was more effective on these
two dimensions than the control website. Thiswas not the case
for all users included; this was only the case for those who
remained in the study and thus spent moretime using the system.
Contrary to the hypothesis, the tailored IHCA did not result in
higher scores on the other six heiQ scales. It is possible that the
effect was limited to the emotiona level and could not be
transferred to the cognitive or behavior level. Thisisin line
with the results of Pal et a, who found that positive effects on
cognitive outcomes could not be converted into behavioral
changes [21]. There was a significant intervention x disease
interaction favoring the tailored condition over the control
condition more strongly in CLBPthanin T2D participants. This
superiority might indicate that tailoring in the CLBPIHCA may
be more effective than tailoring in the T2D IHCA.

Other recent studiesaimed directly at behavioral changesfound
effects on behavioral outcomes [24], and a meta-analysis on
Internet-based cognitive behavioral therapy for patients with
chronic somatic diseases found effects on psychologica and
physical outcomes [84]. A Web-based intervention aimed at
psychosocial well-being in older adults with diabetes found
improvementsin depression, quality of life, social support, and
self-efficacy [85], and a Web-based depression treatment for
people with diabetes was found to reduce diabetes-specific
emotional distress but had no beneficia effect on glycemic
control [86]. Taken together, these results suggest that
interventions aimed specifically at certain outcomes reliably
have effects on these outcomes but have fewer effectson related
or more dista outcomes. Consequently, our IHCA, as an
educational intervention providing health information and
adding behavioral change and decision support, has more
consistent effects on knowledge (in persons who actualy use
it) than on cognitive or behavioral outcomes.

There were no significant effects regarding decisional conflict
or preparation for decision making. A recent Cochrane review
found that decision aids have, among other outcomes, an impact
on knowledge and decisional conflict [87]. Again, the fact that
wedid find an impact on knowledge in the AC analysis but not
on decisional conflict or preparation for decision making might
be due to our IHCA being more of an educational intervention,
providing theinformation necessary for shared decision making,
than aclassical decision tool.

Users with T2D yielded significantly better results regarding
knowledge, preparation for decision making (only AC), and
three (ITT: two) dimensions of the heiQ than participants with
CLBP. One possible explanation might be that education and
empowerment are traditionally cornerstones of diabetes
management [88], which is not as explicitly true for the
treatment of CLBP. Still, this result should be interpreted
cautiously, because the instruments used to measure knowledge
were different in both groups.
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Strengths and Limitations

Thework presented isthefirst trial on a German language IHCA
on T2D or CLBP. Theintervention wasdesigned carefully based
on two preliminary studies. There are some limitations to the
work. One limitation concerns the representativeness of the
sample. Only people with Internet access could beincluded in
the study. Of the German general population, 73% are online
[89], but of the population over 50, only 47% use the Internet.
Because the prevalence of both T2D [90] and CLBP increases
with age[91,92], there might be a selection biasin our sample.
The diagnosis was self-assessed. In addition, this presents a
limitation regarding the implementation and reach of online
support for these diseases. Still, attrition was comparatively low
for anonlinetrial [23]. At t,, 52.4% of the sample wasretained.
The comparatively low attrition rate in the tailored and control
conditions might be due to the incentive given for complete
datasets. Because none of the outcome criteria were assessed
a t,, we cannot know whether the differences between
conditions at t; were caused by the intervention or had been

there from the beginning.

We did not include quantitative or qualitative feedback on user
acceptance. We also did not assess potential confounders (eg,
which other interventions the participants used while enrolled
in the study). These variables might have added to our
understanding of the IHCA effects. Going beyond the scope of
our study, investigating the effectiveness of the tested
intervention, further research should focus on the mechanisms
of change and the role of context variables through analyzing
potential mediators and moderators [93]. Although the
participants were blinded to the group assignment, it might be
possible that participants identified the intervention group due
to the unusual dialogue-based delivery format used in the
intervention group. However, the design and content of both
groups were nearly identical.

Another limitation arises from the measures used. First, there
are concernsregarding dataquality and responseratesin online
questionnaires[94,95]. Psychometric properties have been found
to be equivalent to or even better than data obtained from paper
pencil questionnaires [96,97]. There are also advantages of
online assessment: data quality can additionally be improved
by validation checks that alert participants if their answers are
implausible or if items are skipped [96]. Furthermore, online
assessment seems to be less prone to social desirability [98].

Weymann et al

Second, only some of the measures used in this trial are
standardized (DCS, PDMS, BIT), whereas others are adapted
(attitudes toward self-care) for our purposes. The measure to
assess the primary outcome of T2D/CLBP knowledge was
developed for the purpose of this study and has not been
validated. Different versions of this outcome measure with
different numbers of items for T2D and CLBP are used. None
of the measures have been adapted for online use, which limits
their comparability to results obtained from paper pencil tests
[99].

Finally, the intervention had multiple components. We cannot
know which component resulted in which effect. Future research
should determine which components are effective and which
are not.

Conclusions

Thetailored IHCA enhanced knowledge and empowerment in
persons who actually used it but failed to have effects in the
total study population and on more distal outcomes. It might be
concluded that tailoring and interactivity do not have effects
with regard to these outcomes. Intervention components more
specifically targeting cognitive and behavioral outcomes might
enhancethe effects. Pathways of change connecting intervention
components and effects should be explored.

With regard to implementation, the IHCA could function outside
of the study without major changes. Still, it would require some
resources for updates and maintenance. Involving sponsorsfrom
the beginning might facilitateimplementation. If our IHCA had
madeit to this stage, there would have been steps taken to extend
its reach and effectiveness. In addition to being more specific,
adaptability to tablets and mobile phones might have been an
asset [21]. Another feature could be blended care to more
explicitly integrate personal contacts, telephone, and online
support [100]. The opportunity to share information and
experiences with peers might be an especialy attractive and
important feature. The Pew Internet and American Life Project
[101] found that people living with a chronic disease are more
actively using the opportunities of Web 2.0: they generate and
share content on their disease, use social media, blog, and chat
more than people with no chronic conditions. Stepping into a
multimediadial ogue with the users and | etting expert-generated
content and user-generated content spur each other might be
the next step toward patient-centeredness in online support.
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Abstract

Background: Smoking prevalence ratesamong Dutch children increase rapidly after they transit to secondary school, in particular
among children with a low socioeconomic status (SES). Web-based, computer-tailored programs supplemented with prompt
messages may be able to empower children to prevent them from starting to smoke when they transit to secondary school.

Objective: The main aim of this study is to evaluate whether computer-tailored feedback messages, with and without prompt
messages, are effective in decreasing children’s smoking intentions and smoking behavior after 12 and 25 months of follow-up.

Methods. Datawere gathered at baseline (T0), and after 12 months (T1) and 25 months (T2) of follow-up of asmoking prevention
intervention program called Fun without Smokes. A total of 162 schools were randomly allocated to a no-intervention control
group, an intervention prompt group, or an intervention no-prompt group. A total of 3213 children aged 10 to 12 years old
participated in the study and completed a Web-based questionnaire assessing their smoking intention, smoking behavior, and
sociocognitive factors, such as attitude, socia influence, and self-efficacy, related to smoking. After completion, children in the
intervention groups received computer-tailored feedback messagesin their own email inbox and those messages could be accessed
on theintervention website. Children in the prompt group received prompt messages, viaemail and short message service (SMS)
text messaging, to stimulate them to reuse the intervention website with nonsmoking content. Multilevel logistic regression
analyses were performed using multiple imputations to assess the program effects on smoking intention and smoking behavior
aTland T2.

Results: A total of 3213 children participated in the Fun without Smokes study at TO. Between TOand T1 atotal of 1067 children
out of the original 3213 (33.21%) dropped out of the study. Between TO and T2 the number of children that did not participate
in the final measurement was 1730 out of the original 3213 (53.84%). No significant program effects were observed for any of
the intervention groups compared to the control group at T1 for the intention to engage in smoking—prompt, OR 0.67 (95% ClI
0.30-1.50), no-prompt, OR 0.76 (95% CI 0.34-1.67)—or for smoking behavior—prompt, OR 1.13 (95% CI 0.13-9.98), no-prompt,
OR 0.50 (95% CI 0.04-5.59). Similar nonsignificant program effectswere found at T2 for theintention to start smoking—prompt,
OR 0.78 (95% CI 0.26-2.32), no-prompt, OR 1.31 (95% CI 0.45-3.82)—and smoking behavior—prompt, OR 0.53 (95% ClI
0.12-2.47), no-prompt, OR 1.01 (95% CI 0.24-4.21).

Conclusions: This study showed that the Web-based, computer-tail ored feedback messages with and without prompt messages
were not effective in modifying children’s smoking intentions and smoking behavior as compared to no information. Future
smoking prevention interventions are recommended to start closer to the age of actual smoking uptake. Furthermore, future studies
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on Web-based, computer-tailored smoking prevention programs should focus on assessing and controlling exposure to the

educational content and the response to the prompt messages.
Trial Registration:

Netherlands Trial Register NTR3116; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=3116

(Archived by WebCite at http://www.webcitation.org/600wQYuPlI).

(J Med Internet Res 2015;17(3):€59) doi:10.2196/jmir.3794
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Introduction

Smoking among children and adolescents remains a public
health problem [1-3], potentially leading to chronic diseases,
cardiovascular diseases, or cancer at alater age [4,5]. Although
smoking prevalence among Dutch primary school children at
the age of 12 has decreased in the past decade from a range of
2% to 5%, down to 0% [6,7], prevalence still increases rapidly
when children are in secondary school (15% of children are
monthly smokers at age 14) [6]. One prevention strategy
suggests starting smoking prevention programs at primary
school, before positive beliefs toward smoking are formed [8].
Given the advantages of a Web-based computer-tailored
approach (ie, reduced cost and an expanded reach of
participants) [9-11] and theincreasing use of the Internet among
Dutch children (ie, 96% of 11- to 14-year-olds use the Internet)
[12], Web-based computer-tailored smoking prevention
programs may be helpful in decreasing smoking initiation rates
among children.

Prior research already indicated that schools are an effective
setting for reaching children and promoting a healthy lifestyle
[13,14]. Hence, numerous smoking prevention programs have
been devel oped to prevent the uptake or continuation of smoking
among children and adol escentsin school settings[15,16]. Most
of the foregoing prevention programs were in-school
interventions, however, schools are known to have limited time
[14] and teachers are often not educated to perform health
promotion activities [13,17]. Therefore, out-of-school
interventions may be promising. The Octopus intervention,
developed by Ausems et a, is an out-of-school,
computer-tailored smoking prevention program (ie, students
completed the questionnaire a school and received
computer-tailored feedback | etters at home sent by postal mail)
for Dutch primary school children, aged 11 to 12 years. This
program was reported to be more effective as compared to an
in-school or combined (ie, in-school and out-of-school) program
after 6 months of follow-up [18]. However, this program was
provided via postal letters and did not use digital delivery
channels, such as the Internet. Previous studies [9,10,19]
reported Web-based, computer-tail ored programsto be effective
in changing unhealthy behaviors among adults, adolescents,
and children. Positive program effects have also been observed
in Web-based, computer-tailored smoking prevention and
cessation studies among adolescents [20,21]. However, despite
the positive findings of a pilot study [22], no conclusive
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evidence is currently available concerning the efficacy of a
Web-based, computer-tail ored smoking prevention program for
primary school children. In this study, the paper-based Octopus
intervention was translated to a Web-based, computer-tailored
smoking prevention intervention and eval uated for effectiveness
among children in the final grades of primary school and after
their transition to secondary school. Although Web-based
interventions have numerous benefits, a disadvantage is the
consistently low reported adherence rates of participants[23,24].
Thisrequiresthe use of optimal strategiesto improve adherence.
According to previous research [25-29] prompt messages may
be effective in stimulating participants to reuse a Web-based
intervention. However, using prompt messages in smoking
prevention trials has not been studied among children before.

Theaim of thisstudy wasto eval uate whether computer-tailored
feedback messages, with and without prompt messages, are
effective in decreasing the smoking intentions and smoking
behavior of Dutch primary school children, aged 10to 12 years,
after 12 and 25 months of follow-up. Furthermore, it is known
that children with alow socioeconomic status (SES) engagein
smoking more often [30] and have a higher intention to start
smoking [31], as compared to high SES children. Therefore,
we will also assess whether SES moderates the effects of the
two versions of the intervention.

Methods

Study Design, Participants, and Procedure

A cluster randomized controlled trial with three study armswas
conducted to evaluate the effects of the Web-based,
computer-tailored smoking prevention intervention, Fun without
Smokes [32](Figure 1), on the intention to start smoking and
smoking behavior. Children were followed for 2 years. During
this period, children participated at three measurement sessions:
baseline (TO, October to November 2011), follow-up at 12
months (T1, October to November 2012) and follow-up at 25
months (T2, November to December 2013). Primary schools,
asthe unit of randomization, were randomly assigned to one of
the three study arms (ie, prompt, no-prompt, or control group)
in a computer-determined sequence using a clustered
randomization scheme,

The Fun without Smokes study was approved by the Medical
Ethics Committee of the Atrium-Orbis-Zuyd Hospital
(NL32093.096.11 / MEC 11-T-25) and registered in the
Netherlands Trial Register (NTR3116).
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Figure 1. Homepage of the Fun without Smokes website.
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Leuk Zonder Peuk stopt... !

Het onderzoek Leuk Zonder Peuk is
afgelopen. De afgelopen 3 jaar hebben
jullie onze vragenlijsten ingevuld. We
willen jullie daar hartelijk voor bedanken.
be laatste prijswinnaars worden
binnenkort bekend gemaakt. We wensen
jullie veel plezier met jullie prijs en heel
veel succes op school.

Based on asamplesize calculation, 81 schoolsand 3240 children
were needed at TO in the Fun without Smokes study. This
calculation predicted that 15% of the no-prompt group, 8% of
the prompt group, and 24% of the control group would have
smoked by T2. Since children had to complete the final
Web-based questionnaire outside of school, it was taken into
account that 60% of the participating children at TO would have
dropped out by T2. The Optimal Design program of Raudenbush
[33] was used to calculate the sample size (ie, two-sided testing
with Type | emror rate=.05 power=.80, intraclass
correlation=.04). For the present study, approximately 3500
primary schools were approached by seven Dutch Municipal
Health Promotion Organizations and Maastricht University. A
total of 162 primary schools participated a TO in the
intervention study with 3213 children. In Figure 2, aflowchart
shows the number of participating children and schools at TO,
T1, and T2. Children of all participating schoolswere included
intheinterventiontrial at TO unlessthey or their parentsrefused
to beinvolved—of al participants, 1.7% refused to beinvolved
at TO. The participating children in this study at TO were Dutch
primary school children in grade 7, aged 10 to 11 years. The
students were followed when they entered grade 8 (T1) and
when they transferred to secondary school (T2). Children had
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to complete a Web-based questionnaire concerning their
smoking behavior, smoking intention, and sociocognitive factors
related to smoking (ie, attitude, socia influence, and
self-efficacy expectations). After completion of the
guestionnaire, children in the prompt and no-prompt group
received computer-tailored feedback messages via email and
at the Fun without Smokes website.

At TOand T1, children completed the Web-based questionnaire
at their primary school under supervision by their teacher. At
T2, children made the transition to secondary school and had
to complete the Web-based questionnaire outside of school on
their own initiative. During this period, al children who
participated at TO received an information letter sent by postal
mail to their home address asking them to complete the
Web-based questionnaire for the last time. In this information
letter, children were also informed that they could win one of
500 incentives (eg, film voucher, gift card, or a subscription to
amagazine) that would be raffled off among the children that
filled out the final questionnaire completely. If children had
provided their email address and/or mobile phone number at
TO or T1, they aso received an email message and/or a short
message service (SMS) text message to remind them to complete
the final Web-based questionnaire.
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Figure 2. Fun without Smokes study flowchart of baseline (T0), 12-month follow-up (T1), and 25-month follow-up (T2) measurement sessions.

M easurements

Overview

The primary outcome measureswere intention to start smoking
and the smoking behavior of the participating children. Both
measures were assessed at TO, T1, and T2, and were based on
self-reports using a previoudly used staging question [18].

I ntention to Start Smoking

For intention to start smoking, children could indicate which
one of seven statements would describe their intentions best.
The statementswere the following: “I am sure | will never start
smoking,” “I think 1 will never start smoking,” “I think | will
start smoking in the future,” “1 think | will start smoking within
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5years” “I think | will start smoking within 1 year,” “I think
I will start smoking within 6 months,” and “1 think | will start
smoking within 1 month.” Children who indicated that they
intended to start smoking anytimein the future were categorized
as having the intention to smoke (scored as 1). Children who
indicated they would never start smoking in the future (ie, “I
am sure | will never start smoking” and “I think | will never
start smoking”) were categorized as not having the intention to
smoke (scored as 0).

Smoking Behavior

Smoking behavior of the children was al so assessed by astaging
algorithm. Children could indicate which one of nine statements
described their smoking behavior best. The statementswerethe
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following: “I have never smoked, not even apuff,” “1 havetried
smoking, but do not smoke anymore,” “1 stopped smoking, |
used to smoke less than once a month,” “1 stopped smoking
after | smoked at least once a week,” “l try smoking
occasionaly,” “I smoke less than once a month,” “I do not
smoke every week, but at least once amonth,” “I do not smoke
daily, but at least once a week,” and “1 smoke at least once a
day” Children who indicated that they were smokers (ie,
occasionally, monthly, weekly, or daily) were scored with a1,
otherwise a child was considered to be a nonsmoker (ie, never
smoked or stopped smoking) and scored with a 0.

Background Variables

Background variables measured the agein years, gender (boy=1,
girl=2), SES, and ethnicity of the participating children.

Socioeconomic Status

SES of the participating children was based on their postal code,
which they had provided in the questionnaire. The Netherlands
Ingtitutefor Social Research—a Dutch government agency that
conducts research into the social aspects of all areas of
government policy—calculated an index score for the 4-digit
postal code of al Dutch inhabitants, based on their income,
occupation, and education [34,35]. Based on this index score,
children living in alow SES neighborhood were coded with a
0, and children living in a high SES neighborhood were coded
withal.

Ethnicity

To assess ethnicity, children reported their parents' and their
own places of birth. In line with the guidelines of Statistics
Netherlands, a child was considered to have a Western ethnic
background (coded as 1) if he/she and both parents had been
born in the Netherlands, another European country, North
America, Oceania, Indonesia (aformer Dutch colony), or Japan.
Otherwise, the child was considered to have a non-Western
ethnic background (coded as 2) [36].

Sociocognitive Variables

Sociocognitive variableswere only measured at TO and T1 and
were derived from the I-Change Model [37].

Attitude

Attitude was measured toward both the positive and negative
conseguences of smoking and answerswere scored on a4-point
scale. Advantageous attitudes (Cronbach apha=.85) included
nine questions concerning the benefits of smoking (eg, feeling
mature, cool, or sociable), whereas disadvantageous attitudes
(Cronbach alpha=.81) comprised ten questions concerning the
drawbacks of smoking (eg, less physicaly fit, will becomeill,
or will get addicted).

Social Influence

Social influence was measured using perceived social horms
(ie, norms about the smoking status of important people in the
child’s environment) and modeling (ie, the smoking behavior
of peopleinthe child’s environment). The social norm measure
included seven questions concerning the norms of the smoking
status of the children’s father, mother, brother(s), sister(s),
friends, best friend, and most people that areimportant to them.
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These questionswere scored on a5-point Likert scale (Cronbach
alpha=.70). The modeling measure included eight questions
about the smoking behavior of the children’s father, mother,
brother(s), sister(s), and best friend. Furthermore, the number
of friends, family members, and classmates who smoked was
assessed. The modeling measure questions were al so scored on
a5-point Likert scale.

Self-Efficacy

Self-efficacy expectations were measured with ten questions
concerning the ability of the child to refuse cigarettesin different
situations. Participantsindicated how easy or difficult it wasto
refuse cigarettesusing a5-point Likert scale, where-2 was“very
difficult” and +2 was “very easy” (Cronbach apha=.94).

The Fun Without Smokes I ntervention

Overview

All participating children received personalized log-in codesto
access the Fun without Smokes website and to complete the
measurements at TO, T1, and T2. The Fun without Smokes
intervention consisted of computer-tailored feedback messages
(ie, educational content) and prompt messagesto stimulate reuse
(ie, additional log-ins and views) of the Fun without Smokes
website. In the coming paragraphs, the Fun without Smokes
intervention will be explained for each study arm.

No-Prompt Group

After completion of the Web-based questionnaire, children
randomized into the no-prompt group received three
computer-tailored feedback messages on three consecutive days.
The first feedback message provided advice on the children’s
attitude toward smoking, the second provided advice on
perceived socia influence, and the third addressed children’s
self-efficacy expectations concerning their ability to refuse
cigarettes. The messages were sent to the children’s email
addresses as a PDF file and were aso available at the Fun
without Smokes website. The computer-tailored feedback
messages were tailored to the children’s persona (ie, name,
age, and gender) and sociocognitive characteristics (ie, attitude,
socia influence, and self-efficacy expectations), which they
had provided in the Web-based questionnaire.

Prompt Group

Similar to the children in the no-prompt group, children
randomized to the prompt group received three
computer-tailored feedback messages upon completion of the
Web-based questionnaire. However, children in the prompt
group also received six prompt messages via email and SMS
every year encouraging them to reuse the Fun without Smokes
website. At the Fun without Smokes website, children were
able to read smoking and nonsmoking information, watch
animated videos with nonsmoking content, play games
concerning nonsmoking, fill out the Web-based questionnaire,
or read the computer-tailored feedback messages. The aim of
the website was to repeatedly expose children to nonsmoking
information during the course of the year in addition to the
tailored feedback messages. The content of the website changed
regularly to include new information and interactive elements.
The prompt messages were sent to announce anew topic related
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to smoking prevention that was addressed at the Fun without
Smokes website (ie, games, animated videos, or new smoking
and nonsmoking information). Children in the prompt and
no-prompt group were able to reuse the Fun without Smokes
website during the entire intervention period. However, children
inthe no-prompt group were not prompted to reuse the website.

Among the prompt and no-prompt group, significant differences
were observed in the numbers of reuse actions of the Fun
without Smokeswebsite after the Web-based questionnaire was
completed. Between TO and T1, the mean number of reuse
actions was 2.14 (SD 7.53) in the prompt group and 0.47 (SD
2.30) in the no-prompt group [38]. Between T1 and T2, the
mean number of reuse actionswas 0.67 (SD 2.79) in the prompt
group and 0.06 (SD 0.63) in the no-prompt group.

Control Group

Children in the control group also completed the Web-based
guestionnaire at the Fun without Smokes website, but did not
receive computer-tailored feedback or prompt messages. They
were only able to use the intervention website during the three
measurement sessions and not during the intervening periods.
They also did not have access to the nonsmoking information
or interactive el ements of the website. More detailed information
about the Fun without Smokes study isavailable e sewhere[32].

Statistical Analyses

Children in this study were nested in schools and, therefore,
multilevel analyseswere performed. Attrition analysiswas done
using multilevel logistic regression analysis to assess which
factors (ie, age, gender, ethnicity, SES, advantageous or
disadvantageous attitudes, social norms, modeling, self-efficacy,
smoking behavior a TO, and intention to start smoking at TO)
could explain the dropout between TO and T1, and between TO
and T2. To describe the demographic characteristics of the
children at TO and potential differencesconcerning their primary
outcome measures, general descriptive analyses were carried
out (ie, means, standard deviations, and percentages) on the
children that participated in the baseline measurement.
Furthermore, analysis of variance (ANOVA) was used to assess
whether attitude, socia influence, and self-efficacy expectations
differed between the study groups at TO. Additionally, to
determine the number of children that changed their smoking
intentions or smoking behaviors during theintervention period,
basic analyses were performed to report the transition from a
negative intention at TO to a positive intention to engage in
smoking at T1 and T2. The transition of honsmoking at TO to
smoking at T1 and T2 wasal so analyzed using the data provided
by the children that participated in the measurementsat TO, T1,
and T2.

Multilevel logistic regression analyses were done to assess the
program effects on the prompt and no-prompt group as
compared to the control group. Separate analyses were
performed to assesstheintervention effects on smoking intention
and smoking behavior among children at T1 and T2. These
analyses were adjusted for age, gender, ethnicity, SES,
advantageous attitude, disadvantageous attitude, social norms,
modeling, and self-efficacy. In the analyses concerning both
the smoking behavior and intention to start smoking, children
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who smoked at TO were excluded from the analyses. Because
of the high dropout rate, multiple imputation of missing
variables was applied. In the multiple imputation analyses,
missing values were imputed using the intervention factor (ie,
control-prompt and control-no-prompt), background variables
(ie, age, gender, ethnicity, and SES), smoking intention, smoking
behavior, and sociocognitive variables (ie, advantageous or
disadvantageous attitudes, socia norms, modeling, and
self-efficacy) as predictor variables. Based on the percentage
of missing data, atotal of 50 datasets were imputed for TO and
T1 data, and 62 datasets were imputed for TO and T2 data
[39,40]. The program effects were analyzed by averaging the
results of all the datasets (pooling). The prompt and no-prompt
group were dummy coded with the control group asareference.
We set about to identify whether there were differential effects
between the control, prompt, and no-prompt groups based on
children’s smoking intentions or smoking behavior at T1 and
T2. To do this, we performed multilevel logistic regression
analysis that included SES as the only interaction term to
examine potentia differences among children living in high-
and low-SES neighborhoods. Those analyses were adjusted for
age, gender, ethnicity, advantageous and disadvantageous
attitude, social norms, modeling, and self-efficacy. If an
interaction effect by SES was present, separate analyses were
performed for the high- and low-SES groups. All analyseswere
performed using SPSS version 20.0 and MLwiN version 2.28
[41]. Differences were considered significant when P<.05.
Interaction effects were considered to be significant when P<.10.

Results

Attrition Analyses

A total of 3213 children participated in the Fun without Smokes
study at TO. Between TO and T1 atotal of 1067 children out of
the original 3213 (33.21%) dropped out of the study. Between
TO and T2 the number of children that did not participate in the
final measurement was 1730 out of the original 3213 (53.84%).

The attrition analysis showed that older children were more
likely to drop out at T1 (odds ratio [OR] 1.30, 95% ClI
1.01-1.67). At T2, children dropped out morefrequently if they
were boys (OR 0.64, 95% Cl 0.55-0.75), older (OR 1.25, 95%
Cl 1.07-1.46), had a non-Western ethnic background (OR 1.51,
95% Cl 1.17-1.94), were randomized into the prompt group as
compared to the control group (OR 1.43, 95% Cl 1.16-1.78),
and had more smokersin their environment (OR 1.73, 95% Cl
1.37-2.19).

Sample Characteristics

Table 1 showsthe characteristics of the children at TO that were
randomized into the prompt, no-prompt, and control groups.
Overall, dightly more girls (1625/3213, 50.58%) participated
in the first measurement and the magjority of the children had a
Western ethnic background (2836/3213, 88.27%). At TO, 3.39%
(109/3213) had a positive intention to start smoking and 1.15%
(37/3213) indicated current smoking behavior. In the control
group, significantly more children (P<.001) were of high SES,
as compared to the prompt and no-prompt groups. No significant
differences (P>.05) between study groups at TO were observed
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for the other smoking-related factors (ie, attitude, socia
influence, and self-efficacy expectations).

Table 2 indicates that between TO and T1, 48 children out of
2006 (2.39%) changed their negative intention to engage in
smoking into a positive one. Additionally, atotal of 9 children

Table 1. Sample characteristics of children in each study group at TO.

Cremerset d

out of 2094 (0.43%) actually started to smoke after 12 months
of follow-up. After 25 months, 23 children out of 1402 (1.64%)
indicated they had a positive intention to start smoking and 13
children out of 1462 (0.89%) indicated current smoking
behavior.

Sample characteristic Study group
Overal Prompt No-prompt Control Ftest (df) Pvaue  Missing values,
(n=3213) (n=1207) (n=1003) (n=1003) n (%)
Agein years, mean (SD) 10.36 (0.55)  10.36(0.55)  10.35(0.54) 10.38 (0.55) 1.02(2) .36 107 (3.33)
Gender (female), n (%) 1625 (50.59) 618(51.20) 495 (49.35) 512 (51.05) 044(2) 65 0(0)
SES (high), n (%) 1354 (42.14)  440(36.45) 431 (42.97) 483 (48.16) 1321(2) <001  577(17.96)
Ethnicity (Western), n (%) 2836(88.27) 1072(88.82) 875(87.23) 889 (88.63) 075(2) 48 9(0.28)
Intention to smoke at TO (positive), 109 (3.39) 35 (2.90) 37(3.69) 37(3.69) 076(2) 47 75 (2.33)
n (%)
Smoking behavior at TO (smoker), 37 (1.15) 16 (1.33) 10 (1.00) 11 (1.10) 026(2 .77 34(1.06)

n (%)

agjgnificantly more children in the control group were of high SES, as compared to the prompt and no-prompt groups.

Table 2. Transition of intention to start smoking and smoking behavior between TO and T1, and between TO and T2.

Transition of smoking intention and behavior between mea-  Study group
surement sessions

Overal Prompt No-prompt Control Missing values, n (%)
TOtoT1
Negative to positive smoking intention, n (%) 48/2006 (2.39) 13/701 18/623 (2.89) 17/682 1023/3029 (33.77)
(1.85) (2.49
Nonsmoking to smoking behavior, n (%) 9/2094 (0.43)  4/727 2/649 (0.31) 3/718(0.42) 1048/3142 (33.35)
(0.55)
TOtoT2
Negative to positive smoking intention, n (%) 23/1402 (1.64)  7/491 10/446 (2.24) 6/465(1.29) 1627/3029 (53.71)
(1.43)
Nonsmoking to smoking behavior, n (%) 13/1462 (0.89) 3/504 5/470 (1.06)  5/488 (1.02) 1680/3142 (53.47)
(0.59)

Intervention Effectson Smoking Intention and
Smoking Behavior

The program effects on the intention to start smoking between
TOand T1, and between TO and T2, were calculated. Multilevel
logistic regression analysesindicated no significant differences
at T1 between the control and prompt groups (OR 0.67, 95%
Cl 0.30-1.50) or between the control and no-prompt groups (OR
0.76, 95% CI 0.34-1.67). Similar nonsignificant effects
concerning the intention to start smoking were observed at T2
between the control and prompt groups (OR 0.78, 95% ClI
0.26-2.32) and between the control and no-prompt groups (OR
1.31, 95% CI 0.45-3.82).

The program effects on smoking behavior between TO and T1,
and between TO and T2, were calculated. Multilevel logistic
regression analysesindicated that at T1, no significant program
effectswere found between the control and prompt groups (OR
1.13,95% CI 0.13-9.98). Aswell, no significant program effects
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were found between the control and no-prompt groups (OR
0.50, 95% CI 0.04-5.59). At T2, no significant differencesin
smoking behavior were observed between the control and
prompt groups (OR 0.53, 95% CI 0.12-2.47) or between the
control and no-prompt groups (OR 1.01, 95% CI 0.24-4.21).

Effect of Socioeconomic Status Within Study Groups

The results of the intervention by SES interaction showed that
SES did not moderate the associ ation between intention to start
smoking and smoking behavior on the one hand and type of
intervention at the other, not at T1 nor at T2 (P>.10). For that
reason, no further subgroup analyses were performed.

Discussion

Principal Findings

The main am of this study was to evaluate whether
computer-tail ored feedback messages, with and without prompt
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messages, are effective in decreasing smoking intention and
smoking behavior of Dutch primary school children (aged 10
to 12 years) after 12 and 25 months of follow-up. Feedback
messages were meant to stimulate reuse of the intervention
website and increase exposure to the nonsmoking information.
Since the smoking initiation and smoking intention rates were
low among the study sample, findings of this study indicate that
the two versions of the intervention—prompt and no-prompt
messages—were not able to reduce smoking intention and
smoking behavior at either of the time points.

The findings of this study are in line with the results reported
by a recently published, home-based smoking prevention
program [42] in which no preventive effects were found in
smoking initiation among Dutch primary school children. In
that study, the nonsignificant findings were attributed to the
low smoking prevalence rates at this young age. This
explanation is aso valid for our study since the smoking
intention and smoking initiation rates were low in all study
arms, ranging from 1.29% to 2.89% and from 0.31% to 1.06%,
respectively. The Fun without Smokes study was based on the
out-of-school intervention of the Octopus study which was
shown to be effective in preventing the initiation and
continuation of smoking among primary school children (aged
11 to 12 years) [18]. However, the Octopus study started over
a decade ago when monthly smoking prevalence rates among
children were higher (2% to 5% smoking prevalence at 10 to
12 years of age), whereas nowadays those preval ence rates are
0% [7]. This decreasing trend may have been caused due to the
implementation of policiesto reduce smoking (ie, smoking bans
in public places and workplaces, or tax increases) [43,44] or
the changing norms regarding smoking [45]. Thereby, the
smoking initiation rates have shifted to later agesamong children
and adolescents during the last ten years [ 7]. Hence, asmoking
prevention program for 10to 12 year olds may not be asrelevant
asit would be for adol escents attending secondary school when
the actual uptake of smoking starts [6,7]. This suggestion has
also been supported by other studies [16,20] that reported
positive preventive effectsfor smoking prevention interventions
among adolescents.

Besides the societal and smoking-climate changes during the
last decade, other factors might have contributed to the
nonsignificant findings of the Fun without Smokes study and
should be considered in the development of future Web-based
interventions. The Octopus study was a paper-based program,
whereas the Fun without Smokes study was delivered via
Internet. Although previous research already showed that
Web-based interventions were effective in decreasing substance
use [46] and improving dietary behavior [47] among children,
no consistent evidence for effective Web-based smoking
prevention interventions has been found yet. The educational
content of both the Octopus study and the Fun without Smokes
study was provided via computer-tailored feedback messages,
but the content and extensiveness of the information provided
was not the same. Tailored information via the Internet should
be concise [48] and, therefore, the messages were edited down
to brief messages that were suitable for provision through the
Internet. A further dissimilarity between the studies was the
difference in follow-up measurements. Both studies used
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multiple measurements and included both the transition periods
from grade 7 to grade 8, and from primary to secondary school.
In the Octopus study, there were follow-up measurements at 6,
9, 20, 30, and 36 months and in the Fun without Smokes study
after 12 and 25 months. However, positive effectswere observed
in the Octopus study only at 6 months of follow-up [18]. This
may indicate that the positive preventive effects in the Fun
without Smokes study were missed because follow-up periods
were too long. Moreover, in the Octopus study and the Fun
without Smokes study, a similar staging question was used to
assess children’s smoking behavior, but the studies categorized
smokers and nonsmokers differently—the Octopus study used
the categories never smokers, noncurrent smokers, and current
smokers, while the Fun without Smokes study used the
categories smokers and nonsmokers. It is, however, unlikely
that this difference explains the nonsignificant findings in the
Fun without Smokes study, since the smoking prevalence rates
of the children were low.

Degpite the nonsignificant findings in the present study, it has
been recommended that smoking prevention programs start
before attitudes and beliefs toward smoking are formed [8],
since the transition period of primary to secondary school is a
crucia time when adolescents may engage in smoking [49].
Therefore, it isto be expected that smoking prevention programs
may influence sociocognitive factors (ie, attitude, social
influence, and self-efficacy expectations) even if no effects on
smoking intentions and smoking behavior are indicated. A
review by Hopfer et a [50] revealed that substance use (ie,
alcohol, cigarette smoking, and other drugs) prevention
programs were able to change children’s attitudes, subjective
norms, self-efficacy expectations, and knowledge. Similar results
are observed among other studies [22,51] in which Web-based
interventions demonstrated changesin behavioral determinants.
However, at the final measurement session of this study, no
sociocognitive factors were assessed. Therefore, no statements
can be made about whether the computer-tailored feedback
messages or the prompt messages were able to change
sociocognitive factors.

To increase the likelihood of lower smoking intention and
smoking behavior rates, this study used prompt messages to
stimulate reuse of the intervention website. Although a prior
study [38] showed that prompt messages were ableto stimulate
reuse of the Fun without Smokes website, the percentage of
reuse remained low and, therefore, the exposure to the
nonsmoking content was limited. This may have been caused
by the content of the prompt messages. The content may not
have been stimulating enough, or the children may have felt
they had no reason to reuse the Fun without Smokes website.
Another reason may have been the timing or frequency of the
prompt messages. The first three prompt messages were sent
at one-month time intervals, whereas the last three prompts
were sent every two months. Previous studies[52,53] indicated
that shorter time between prompts would be most effective.
However, no unequivocal conclusion has been reported for the
optimal prompt timing and frequency. Additionally, national
reports [12,54,55] indicated that the majority of Dutch primary
school children have an email address and mobile phone, though
the actual use of those devices among this age group may be
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low. Therefore, future research should not only focus on optimal
prompt timing, frequency, and content, but also on effective
delivery channelsto stimulate children to reuse an intervention
website.

Strengths and Limitations

A strength of this study is the large sample of Dutch primary
school children, since children from all regions in the
Netherlands participated in the Fun without Smokes study.
Another strength is the follow-up period of 25 months, which
enables a long-term evaluation of the intervention effects.
However, this study was al so subject to some limitations. Since
a large number of schools were approached for participation
(n=3500) and only 162 schools were able to participate, the
study sample should not be seen as representative of all schools
in the Netherlands and outside the Netherlands. However, the
smoking prevalence rates that were found in this study are
comparable to those found in Dutch national reports [6],
indicating that there were no large differences between our
sample and the Dutch population of primary school childrenin
terms of smoking prevalence. Due to differences in smoking
prevalence between the Netherlands and other countries, the
results may be less generalizable to countries with higher
smoking prevalence rates among children aged 10 to 12 years.
Another limitation may be the lack of a process evaluation of
the Fun without Smokes intervention. Therefore, we did not
receive in-depth informati on concerning the children’s opinions
toward the intervention, which may explain the nonsignificant
differences among the three study arms. However, children had
to complete the final questionnaire at home on their own
initiative. To increase the likelihood that children answered all
of the questions, we chose to leave out a process evaluation.

Cremerset d

Nevertheless, it is advisable for future research to evaluate the
process of the Web-based intervention, which may affect the
direction of further research. A final limitation isthe use of the
SES index score that was based on the children’s postal code.
This index score reflects the SES at a neighborhood level and
not the individual SES of children. The SES measure that was
used was based on the income, occupation, and education of
the inhabitants living in that neighborhood and is known to
correlate strongly with a more precise 6-digit postal code [35].

Conclusions

No program effects in the intervention groups (ie, prompt and
no-prompt groups) were found in the Web-based,
computer-tailored smoking preventiontrial at 12 and 25 months
of follow-up. This indicates that the Web-based,
computer-tailored feedback messages were not able to change
the smoking intentions and smoking behaviors of the
participating children. Although the prompt messages were
meant to stimulate reuse of the intervention website, resulting
in an increased exposure to the nonsmoking information, no
effects were observed concerning the smoking intentions and
smoking behaviors of children in the prompt group. It is not
completely clear why the Fun without Smokesintervention was
not found to be effective. This may have been caused by the
low smoking initiation rates among children and the lack of
exposureto theintervention content. Future Web-based smoking
prevention programs should, therefore, take place closer to the
age of actua smoking uptake (ie, secondary school).
Furthermore, future evaluations of smoking prevention
interventions should focuson ng and controlling exposure
to the intervention content and the response to the prompt

messages.
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Abstract

Background: One-quarter of the world’s population will suffer from depression symptoms at some point in their lives. Mental
health services in developed countries are overburdened. Therefore, cost-effective interventions that provide mental health care
solutions such as Web-based psychotherapy programs have been proposed.

Objective:  The intent of the study was to identify expectations regarding Web-based psychotherapy for the treatment of
depression in primary care among patients and health professional s that might facilitate or hinder its effects.

Methods: The expectations of untreated patients and health professionals were examined by means of interviews and focus
groups. There were 43 participants (20 patients with mild and moderate levels of depression, 11 primary care physicians, and 12
managers, 22 of them for interviews and 21 for groups). A thematic content analysis from the grounded theory for interviews,
and an analysis of thediscursive positions of participants based on the sociological model for groups were performed. Interpretations
were achieved by agreement between three independent analysts.

Results: All participants showed a good general acceptance of Web-based psychotherapy, appreciating possible advantages
and improvements. Patients, physicians, and managers shared the same conceptualization of their expectations, although highlighting
different aspects. Patients focused on the need for individualized and personalized interaction, while professionals highlighted
the need for the standardization of the program. Physicians were concerned with extra workload, while managers were worried
about optimizing cost-effectiveness.
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Conclusions: Expectations of the different participants can conflict with each other. Finding a balanced position among them
is needed if we are to harmoniously implement effective Web-based interventions for depression in routine clinical practice.

(J Med Internet Res 2015;17(3):e67) doi:10.2196/jmir.3985
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depression; computer-delivered psychotherapy; qualitative methods; expectations

Introduction

Depression currently ranks fourth in disorders with the highest
disease burden, and in the coming five years, it will cause the
second-highest level of disability worldwide [1-3]. It has been
said that 25% of the population will experience depression
symptoms at some point in their lives [4]. Depression brings
with it significant economic, personal, inter-personal, and
societal costs, and is associated with important impairmentsin
quality of life and increased mortality [5-8].

Antidepressant medication is the most common form of
treatment for depressive patients in primary care [9], but
adherence is low [10,11]. In fact, two-thirds of depressed
primary care patients would prefer psychological treatmentsto
pharmacotherapy [12-17]. Psychological treatments obtain better
results than pharmacological ones in adherence, relapse,
recovery rates, and chronicity, reducing the number of physician
visits and hospital days [18,19]. Despite their effectiveness,
face-to-face psychotherapy interventions face some serious
limitations. Theseinclude difficultiesin delivering interventions
to the community due to strong barriers in providing
psychotherapies in current models of service delivery;
congtraints in health care resources; limited availability of
clinicians, especially in rural areas; and low participation rates,
evenif accesstothoseinterventionsisat little or no cost [20-23].
Mental health servicesin devel oped countries are overburdened,
and given the lack of intended resources, are in need of
cost-effective alternatives [24].

Attempts to overcome barriers to access have been addressed
recently through the evol ution of anew understanding in mental
health care that recognizes low-intensity services, such as
bibliotherapy, psychoeducation, and Web-based interventions
[25]. Low-intensity interventions signify treatments that limit
specialist time or use this time in a cost-effective manner and
are provided, when appropriate, as afirst option before referral
to high-intensity interventions in which the presence of the
therapist is higher [26]. For example, when offered by an
integrated health care provider using a stepped-care model, it
has been suggested that the first choice should be the least
intensive intervention that is appropriate for a person, enabling
people to step up or down the pathway according to changing
needs and in response to treatment [18]. The Internet offers a
new way of providing psychological treatment for common
mental health problems such as depression [27,28], and may
attract people who do not make use of traditional mental health
services [23]. Web-based treatment has been described as an
intervention that is operationalized and transformed for delivery
viathe Internet [29]. It is usually highly structured and can be
roughly divided into unguided and guided interventions, with
an identified therapist [27,28,30]. Guided I nternet interventions

http://www.jmir.org/2015/3/e67/

are considered to be more effective in reducing depression
symptoms than unguided ones [31,32], with average levels of
adherence estimated at 26% in unguided interventionsand 72%
in guided interventions[33]. Web-based interventions may also
resemble traditional psychotherapy with scheduled sessions
[34], but a general characteristic is that patients are reached
from a distance and that therapist time is reduced compared
with face-to-face treatments [35].

Severa studies show that Web-based psychological treatments
are effective for the treatment of depression, in both unguided
and guided interventions, although the effects are more favorable
in the latter case [33,36-38]. It has even been said that
Web-based treatments with clinician assistance as brief as 1
hour per patient can work as well as face-to-face therapy [39].
Web-based psychotherapy could be viable not only in the
context of specialist services, but also at the primary care level
[40,41], and could be particularly recommended as a first
treatment step for self-helpin treating depression before visiting
a psychiatrist or psychologist [42]. However, in spite of its
efficiency, there are some limitations to its systematic use. One
of the main ones is that attrition rates could be substantial
[28,43-45]. In most cases, patients withdraw for personal
reasons, not because of problems with the technology or the
social environment. Interestingly, these kinds of interventions
are generally acceptable for both patients and professionals,
although the attitudes of professionals toward this type of
psychotherapy seem to be more negative than the attitudes of
patients themselves [38,46,47].

Therefore, if we areto devel op and deploy thiskind of program,
maximizing acceptance and using it as a part of public health
services, as in this case, we must be sensitive to the different
views and attitudes of all participantsin the therapeutic process.
There may be different types of expectations or requirements
according to the perspective of each type of participant. Given
this background, the aim of the present study was to identify
expectations among both patients and health professional s that
may serve as barriers or facilitators to engagement with
treatment when performing Web-based psychotherapy for
depression in primary care, in order to increase adherence and
effectiveness, improving the care offered to these types of
patients.

Methods

A qualitative design was used to collect information from a
widerange of purposefully and theoretically guided samples of
depressed patients and health professionals. Both in-depth
interviews and discussion groups were used to access the
subjectivity and the processes involved in generating
expectations [48]. In-depth interviews were carried out by a
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single interviewer and focus groups were moderated by an
interviewer and an observer, both of them femal e psychologists
and researchers, with previous experience in the field and no
previous contact with participants.

Patients were recruited from the Spanish autonomous region of
Aragon during their visits to primary care, and diagnosis was
established using the MINI Neuropsychiatric Interview in its
Spanish version [49]. Patients were selected when they reported
mild or moderate depression symptoms according to cut-off
points of the Beck Depression Inventory [50]. Family physicians
and managers were chosen from the catchment area, based on
whether their workplace was rural or urban, and contacted by
telephone. Participants were selected with consideration given
to the variables of age, gender, residential setting (“urban”,
“rura™), and affinity for technology (by means of the question:
what isyour level of affinity for new technologies?, with “high”,
“intermediate”, “low” as possible responses), in order to gather
plentiful and varied information. Participants had no previous
knowledge of the researchersor the project. No patientsrefused
to participate in the interviews, although some of them did not
attend the discussion groups. No physicians or managersrefused
to participate; however, it was difficult to establish meeting
dates because of their work schedule. Table 1 outlinesthe main
characteristics of the 43 participants (20 patients, 11 physicians,
12 managers).

A standardized protocol was designed to guide the interviews
and groups, including the preparation of a topic list (Table 2)
to be addressed, with previoudly tested, open suggestions that
could be of interest.

The objectives of the study wereindirectly raised and questions
asked about the topics in an open and progressive way. The

http://www.jmir.org/2015/3/e67/
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interviewer and/or moderator wereintroduced to the participants
as research psychol ogists and assumed aminimally orientative
role, limiting their interventions to addressing the topicsin the
script. The setting for data collection was a neutral room in the
hospital where the project was conducted, without the presence
of non-participants. No individual or group interviews lasted
more than 90 minutes. They were digitally audio-recorded and
transcribed to obtain the final set of qualitative data for the
analysis, which were revised by participants and added to the
field notes made after interviews and groups. Participants
provided written informed consent to participate in the study.
There were no repeat interviews. This study forms part of a
mixed-method research project that includes a randomized
controlled trial with different participants[51]. The project was
approved by the Regional Ethics Committee of Aragon, Spain.

A thematic content analysis was performed from grounded
theory in order to develop and to define until saturation the
emergent categories of analysisderived from theinterview data
[52-54]. Secondly, a sociological approach that analyzed
discursive positions of participantsin focal groups was used to
complement the first approximation [55,56]. All the analyses
were developed using Maxqda-2007 software, in an iterative
way by agreement between the three researchers (MM, JPA,
JGC), and discussed with those in charge of theinterviews and
groups (PR, PHM) [56]. Moreover, participants provided their
agreement with the interpretations. This methodological
triangulation was able to increase consistency and rigor by
combining multiple techniques, maximizing the breadth and
depth of perspectives. The complete detail s of the study protocol
are reported el sewhere [57].
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Table 1. Characteristics of participants (n=43).2

Stratification variables Interviews Groups
Patients Physicians Managers Patients Physicians Managers
n=12 n=5 n=5 n=8 n=6 n=7
Age
20-40 years 3 (7%) 2 (5%) 0 (0%) 2 (5%) 3 (7%) 1(2%)
41-60 years 6 (14%) 2 (5%) 5 (12%) 5 (12%) 2 (5%) 5 (12%)
>60 years 3 (7%) 1 (2%) 0 (0%) 1 (2%) 1 (2%) 1(2%)
Sex
Male 5 (12%) 1 (2%) 4 (9%) 1 (2%) 2 (5%) 2 (5%)
Female 7 (16%) 4(9%) 1 (2%) 7 (16%) 4.(9%) 5 (12%)
Residential setting
Urban 9 (21%) 3 (7%) 4(9%) 5 (12%) 4.(9%) 5 (12%)
Rural 3 (7%) 2 (5%) 1 (2%) 3 (7%) 2 (5%) 2 (5%)
L evel of education
Primary 4(9%) 0 (0%) 0 (0%) 3(7%) 0 (0%) 0 (0%)
Secondary 5 (12%) 0 (0%) 0 (0%) 3(7%) 0 (0%) 0 (0%)
University 3(7%) 5 (12%) 5 (12%) 2 (5%) 6 (14%) 7 (16%)

Affinity for technology

High 6 (14%) 2 (5%) 2 (5%) 3 (7%) 4(9%) 5 (129%)
Intermediate 3 (7%) 3 (7%) 3 (7%) 4 (9%) 2 (5%) 2 (5%)
Low 3 (7%) 0 (0%) 0 (0%) 1(2%) 0 (0%) 0 (0%)

@0ut of the total of participating patients, 40% (17/43) had university studies and 60% (26/43) had high school education. Half of the patients (10/20)
presented with mild symptoms of depression, and the other half (10/20) presented with moderate symptoms.
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Table 2. Questions asked and topic list.
Questions asked Topic list
What isyour relationship with technology? Have you received any training?

Skills

Resources
Routine use
Reasons
Like/ dislike
Do you think new technologies can help to improve people’s lives?
Relationship machine/man
Face-to-face vs Web-based
Support tool vs replacement tool
What do you think about the use of Web-based therapy to support the actions of health professionals? And asfurther therapies?
Possihilities of Web-based therapy
Virtual and anonymous relationship
Health professional vs program
What about the possibility of offering Web-based therapy for depressive disorders? Do you seeit asfeasible?
What would you ask/expect?
Information
Difficulties
Aspects that could be helpful
Process from primary care

Professional support

Results perceived_ _useful ness; aspects r_elated t_o the particul_ar

characteristics of this type of intervention, such as its
standardization and the processes of interacting with the
program; and the representations made of what could be seen
as the expected therapeutic experience, such as experiences of
trust, presence, and hope. These groupings can be arranged
according to the moment in the therapeutic process to which
they correspond (Figure 1).

The patients, primary care physicians, and managers showed a
series of expectations regarding engagement with the use of
Web-based psychotherapy for the trestment of depression, which
can be divided into three main groups. aspects related to
pre-treatment conditions, such as their initial acceptance, their
genera inclination to make use of the treatment, and its
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Figure 1. Engagement expectations regarding online psychotherapy for depression.

Pre-treatment - - - - —-—-—-- Intervention  ——-—-—-——-- Experience
——> TRUST
F
INCLINATION
v
ACCEPTANCE STANDARDIZATION <= [INTERACTION —> HOPE
r
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k 4
‘———————> PRESENCE

Conceptualization of the Discour se

The general acceptance of Web-based psychotherapy for
depression depended on prior conditions, such astheinclination
to use new technologies, which in turn consisted of subtopics
such as “skill level”, “reasons for use”, “available technical
means’, and “dedication”. Acceptance also depended on its
usefulness as an instrument for psychotherapy, and usefulness
consisted of subtopics such as “facilitating communication”
and “access to information”, which in the case of physicians
took on the meaning of consulting the records or background
of patients:

We have limited access to sources of information
during a consultation. The computer is the tool that
provides access to the most updated, complete, and
verified information, depending on the platformsyou
consult. It's an important tool for both receiving and
conveying information. It also allows us to have the
patient’s records online and on hand. [physician,
female, 50 years old, high affinity]

Whereas, for patients, it meant having the possibility of

consulting information related to their conditions and its

treatment:

Themachine[sic] should explainthediagnosis of the
disease or anomaly a patient has and quickly help to
find solutions for daily life. [patient, male, 65 years
old, high affinity]

Other subtopics under usefulness were “adding convenience”,
which for managers meant providing patient access to health
care resources:

Maybe it will make professionals more accessible to
users; it could become more convenient to avoid
havingto travel, and interfere lesswith people' swork

http://www.jmir.org/2015/3/e67/

because they can do it at home. [manager, female, 51
years old, high affinity]

Whereas, patients understood it to mean the possibility of
improving reminders for control of and compliance with the
instructions given by the professional:

The program should have some mechanism to do
online activities and revision; for example, what the
doctor told me, to refresh the information so as not
toforget it. [patient, female, 59 yearsold, low affinity]

Finally, usefulness also included “enabling reflectiveness’,
understood by patients to mean the opportunity to reflect on
their dysfunctional situation:

Does the program have a written format? If that's
the case, writing means thinking and rethinking; it's
like a kind of meditation or awareness of the day, of
how things are going, how they develop. It gives you
perspective, and that's positive. [patient, female, 52
years old, intermediate affinity]

Physicians particularly focused on their awareness of diagnostic
impressions resulting from explorations:

The advantage it may have is that you can prepare

beforehand the infor mation you' re going to introduce:

the questions; results of a particular test; the answers,

and you can leave a record of your recommendations,

so that there are no misinterpretations. This

encourages patients to elaborate on what took place

during the consultation once outside, in a more

relaxed atmosphere like that of their own homes.

[physician, female, 42 years old, high affinity]
Acceptance depended on the processes required to standardize
the program, which consisted of the subtopics “learning
process’, “definition of goals’, “complementary tool”, “prior
dissemination”, “service offered” (particularly for managers),
“professionalsinvolved” (especialy highlighted by physicians),
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“patients served”, and “activities to carry out”. The last was
understood by patients according to their own needs:

| do yoga on Wednesday and | feel great. Maybe it
could include relaxation techniques and different
strategies for different states of mind; some days are
better than others. [patient, male, 46 years old,
intermediate affinity]

Whereas physicians underscored the importance of being able
to use their own paradigmatic coordinates:

In our specialty, we refer to those of a cognitive
behavioral model. Other more introspective or
psychodynamic models revolve around the
doctor-patient relationship, which cannot be applied
using technology. [physician, male, 51 years old,
intermediate affinity]
In turn, the necessary processes for standardization were
associated with theidea of specific forms of interaction between
the participants and the program. This idea of interaction
combined subtopics such as “feeling of security”, “program
universality”, “possibilities for expression”, “supervision by a
therapist”, and “individualized attention for patients’. The last
of these had special relevance for patients, in the sense of
personal and close contact:
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Rapport. You have to be on the same wavelength and
make a connection. You need warmth—they're
personal matters—personal contact, personal
proximity. [patient, male, 64 years old, intermediate
affinity]
For professionals, it was simply focused on the need to adapt
to theindividual characteristics of each patient:

If it were also a little... if the doctor could tailor the
treatment a little and if it were based on a shared
model of decision-making, with a certain proximity
between the professional and patient. [physician,
female, 54 years old, intermediate affinity]

Finaly, if these forms of individualized interaction, associated
with the processes for standardization of the program, created
expectations of a therapeutic experience based on trust and on
presence, the discourse would pave the way to hope, which
could lead to positive attitudes once again linked to acceptance
as a necessary condition for engagement with the therapeutic
process.

Table 3 shows the definitions of the topics and subtopics that
comprise the conceptualization of the discourse presented above,
and Multimedia Appendix 1 provides examples of participants
responsesto al of them.
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Table 3. Conceptualization of discourse and definitions.

Topic/subtopic Definition
Acceptance
Acceptance Favorable attitude to therapeutic use of new technologies (NTs), with responsibility to accept the program
with the necessary effort, recognizing its possible benefits.
Inclination
Skill level Level of knowledge and skill when using NTs.

Reasons for use
Available technical means

Dedication

Reasons for the use of NTs, for work, leisure, etc.
Available technical means and possibilities of updating them.

Time devoted NTsand form of use, taking into account the risks of patterns of abusive use in someindivid-
uals.

Usefulness as an instrument for therapy

Facilitating communication

Access to information

Adding convenience

Enabling reflectiveness

Program standardization

Learning process
Definition of goals

Complementary tool

Prior dissemination

Service offered

Professionals involved

Patients served

Activitiesto carry out

I nteraction processes

Feeling of security

Program universality

Possibilities for expression
Supervision by atherapist

Individualized attention for
patients

NTs as dternative means of communicating and forming relationships with others, of keeping in contact,
alerting, and giving notification of results.

Possibility of consulting background information and patient records (physicians) and important matters
related to medical conditions and treatments (patients).

Solutions to problems with daily clinical practice, such as facilitating access (managers) or reminders for,
control of, and compliance with instructions (patients)

Possibility of thinking/reconsidering through the use of writing, making possible a reflective attitude to
their dysfunctional situation (patients), or of taking note of exploration and diagnostic impressions (physi-
cians).

Ease of learning the program and ease of use.
Structured definition of the goals to meet with the program and their timeframe.

Combined and complementary use of Web-based and traditional therapies, without the intention of replacing
the presence of professionals.

Dissemination of information about the program in order to overcome possibl e resistance to change based
on old habits.

Implementation in health care delivery system, with a structure focused on anew model of health care, and
with support from health care providers, IT experts, and administrative staff that allow referrals from pri-
mary care in coordination with mental health services.

Recruitment of professionals with a positive attitude toward NTs who have specific skills depending on
the characteristics of this type of intervention.

Recruitment of patients according to their willingnessto use NTs, low or mild severity of their disorder,
and their demand for greater information or anonymity.

Incorporation of modules that appeal to patients, arouse their interest, and meet their needs (patients), with
real possibilities of implementation within paradigmatic coordinates (physicians).

Combination of safeguarding anonymity, data protection, and program quality.

Sharing experiences of illness within a group by means of supervised forums, owing to the general nature
of dysfunction shared by all the patients.

Possibility of manifesting or expressing feelings and emotions through NTSs.
Appraisal of the evolution of the disorder throughout the therapeutic process (physicians).

Personal, empathetic, sincere, and close contact (patients), with flexibility to be adapted to the individual
characteristics of each patient (physicians).

Trust Peace of mind when using the program in an intimate and participative way.
Presence Support from and availability of a professional who listens and pays attention (patients).
Hope An optimistic perspective for the outcome of the treatment.
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Participants Perspectives

In general, the participants similarly conceptuaized their
expectations regarding Web-based psychotherapy for depression,
although the focus of their discourse offered differing
perspectives depending on their position (Table 4). For example,
the health professionals—physicians and managers—placed
emphasis on theintervention processes from the perspective of
standardization of the program. More specifically, the physicians
centered their interest on the professionals involved, with the
concern of whether thistype of intervention could improve the
current delivery of health care, but at the cost of increasing their
already excessive workload. However, the discourse given by
the managers was focused on the idea of the service provided,
with interest shown in the cost-effectiveness of this resource,
by means of an organization of work that would create a new
dynamic for distributing patients, and in away that would solve
practical problems, such as reducing waiting lists. Finaly,

Table 4. Participants' discursive perspectives.

Montero-Marin et a

patients highlighted the intervention processes from the
perspective of interaction with the program, through which they
expected to receive quality, personal, and individualized service,
which would offer them the possibility of safely sharing
experiences with peoplein the same situation astheirs, and with
an accessible professional who would be in charge of
supervising the treatment.

The  different  perspectives expressed by the
participants—physicians, managers, and patients—reflected
their different concerns based on their position. Could a patient
be placed in the program without increasing my workload?
Would this program solve the problem of waiting lists without
added expense? Would this program sufficiently attend to my
particular condition? Each position raised the need to satisfy
different requirements, and any of these could cause resistance
to the introduction of this type of instrument into the health
service.

Participant Focus of discourse Quotes

Physicians Professionals

“Maybe we could use alittle help so as not to overload our schedules even more.”

(physician, male, 45 years old, high affinity)

“The design isrelatively simple to imagine, but it means a change to our routine practice.
How long will it take to train us to use and implement this program? Would we be released
from our clinical practice for that time?’

(physician, female, 54 years old, intermediate affinity)

“Not al of us have the same technological know-how or motivation. Should all doctors use
thetool or only the most qualified? Those of uswho volunteer to participate could be released
from our routine workload to devote ourselves more specifically to this matter”.

(physician, female, 35 years old, high affinity)

“Telemedicine platforms are already showing great improvement in places with dispersed
populations, assisting with the organization of care and better communication between primary
and specialist care services, which not only improves fina care, but saves money.”

(manager, female, 51 years old, high affinity)

Managers Service

“Thetool should speed up care processes, especialy waiting lists and user accessto resources,

providing maximum efficacy with a small investment that is quickly justified.”
(manager, male, 55 years old, intermediate affinity)

“If weall savetimewith thistool, seeing more patientsin distance mode and therefore freeing
up our schedules, close, properly programmed, face-to-face monitoring could be carried out.”

(manager, male, 50 years old, high affinity)

“Of course, every patient is different, so if you decide to help them, first you have to know

their whole story.”

(patient, male, 46 years old, intermediate affinity)

Patients Individualization

“Depending on the patient, on the state they’re in, there can be interventions that are for ev-

erybody. But some patients, given their particular evolution, will need more personalized

care”

(patient, female, 52 years old, intermediate affinity)

“Therapy has to be something that is very personalized, with the possibility of asking and
speaking about other subjects...”

(patient, female, 59 years old, low affinity)
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Discussion

Principal Findings

Our results show how important it isfor primary care physicians
that theimplementation of Web-based psychotherapy programs
does not mean an added workload for them; rather, this should
be reduced. They also show that the main concern for health
care management professionalsis to offer greater accessibility
to services, and to improve their cost-effectiveness. Patients
expect to receive individualized care, which requiresinvestment
in acertain level of resources, workload for professionals, and
infrastructure in order to meet their needs. These particular
viewpoints reflect different expectations, which taken
individually, seem to respond to conflicting needs and interests.
In order to overcome any possible resistance simultaneously,
we have to find common ground. One starting point in this
regard could be the optimization of the processes for
management and patient flow in an integrated model, which
has proven to be very useful for balancing the burdens of care
delivery [58].

Depressive disorder is currently one of the greatest challenges
for public health systems. In its mild and moderate forms, it
responds satisfactorily to different types of psychotherapeutic
approaches [59], such as Web-based cognitive behavioral
therapy, including those with little or no support [60,61]. This
type of treatment could become an aternative for public health
systems to facilitate patients acceptance and access to care
[62], adding efficacy to early interventions[22,40,41]. Forecasts
show that the dissemination and use of Web-based
psychotherapy will grow exponentially in the coming decade
[63]. In this context, it is necessary to establish procedures for
the implementation of these type of programs that meet the
many varied expectations placed on them by all participantsin
the therapeutic process, whether patients or health professionals.

A fundamental aspect in this regard would be to determine the
level of intensity of the required supervision. The Spanish hedlth
care system treats al individuals equally, which meansthat the
referral process for patientsis not afast and smooth one. In an
attempt to optimize the therapeutic process, patients should be
and feel cared for, without overloading professionals, but while
reducing costs and waiting times [64]. In order to do this, it
would be necessary to perform the specific task of disseminating
the program, which would allow the patients most likely to
benefit from this type of treatment to be identified and chosen,
without losing sight of the factors that would enhance
compliance. Those patients with symptoms of mild severity are
seen asgood candidates, aswell asthose who take responsibility
for the treatment and who attribute success to themselves,
focusing on action [65-67]. According to our results, all
participants would show moderate severity at most, with an
attitude of general acceptance toward Web-based therapy and
acertaininclination for the use of new technologies, as hasbeen
seenin other works [68], but most of all, they haveto understand
their possible usefulnessin the specific field of psychotherapy.

Both patients and health professionals have to share a certain
willingness to use new technologies [68], must have a certain
level of skill in their use, and need to have the necessary
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infrastructure [69], which is particularly important when we
encounter difficult-to-access settings, or in cases with scarcity
of training and resources [70,71]. All participants need to
perceive the possihilities offered by Web-based psychotherapy
as useful, with regard to convenience, time, and place of use,
and value the reduction of transport costs, and the possibilities
for communication, reflectiveness, memory, and information
that it brings, while giving patients an active role and enabling
its use whenever they want [72]. Nevertheless, al participants
also highlighted the importance of not falling into patterns of
abuse. In other words, the use of Web-based psychotherapy for
the treatment of depression should provide everybody involved
with a certain sense of efficacy and comfort [69]. Thisis how
depression can become easier to handle, probably through
patients' actual perception of their own self-efficacy.

We have seen that the discourse of professionals basically
revolves around the difficulties of attempts at standardization,
which is necessary in order to provide ingtitutional support for
Web-based therapy. This is a reference to the general culture
in which health services are immersed [73]. This culture is
present in questions such as learning processes, definition of
goalsto be met and activitiesto carry out, and in relation to the
professional sinvolved and the services provided. That isto say,
the group of heath professionals—physicians and
managers—are interested in theimplementation of the program
asatool for clinical intervention, with the expectation that the
needs of their userg/patients have to be met, but also those of
the professionals involved, implying possible strategies for
promotion and improvement in quality and efficiency. We have
thus seen how health care workers highlight the importance of
standardization processes for Web-based treatments as part of
an integrated service model, which is in agreement with the
results of other studies[68-74].

In general, hedth professionals have positive attitudes to
Web-based treatments [ 75,76], and these positive attitudes tend
to be associated with an open mind and availability to new
treatments, the convenience that computers offer, and easy
access to technology [69], which is in line with our results.
Nevertheless, therapists have also been said to express doubts
as to whether new technologies produce substantial
improvements, and athough they are generally open to
incorporating Web-based psychotherapy into their clinical
practice, they show doubt depending on their skill, and out of
the belief that this type of therapy may harm their relationship
with patients [69]. In this regard, our study has pointed out,
through the discourse of both professionals and patients, that
therapeutic interaction by computer should not completely
replace human contact, which underscores the limits to the
application of indiscriminate Web-based psychotherapy.

Web-based therapeutic interventions are rarely conducted
without face-to-face contact at some point in the process
[27,77,78]. The presence of atherapist iskey to guiding patients,
given that this benefits the treatment, and supervision of the
therapeutic processis associated with achieving positive results,
while withdrawals from treatment increase when there is not
sufficient contact [27,30,79]. On the contrary, adding contacts
may improve efficacy, probably as a result of the trust created
in the process [80]. When we asked patients about the
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possibilities of Web-based psychotherapy, weimmediately saw
the emergence of thematic content that was linked to the need
to construct atherapeutic alliance as a vector that produces the
hope of a positive outcome [81-83)]. In fact, it is the base on
which all psychotherapy is constructed, asarelationship of help
[84,85]. Another important aspect to take into account is the
necessary confidentiality of the entire process, for the security
and anonymity that both patients and professional srequire [68],
and given that this could help to prevent stigmas[65], if clinical
symptoms are able to be resolved at the primary health care
level, providing solutions without the need for involving mental
health units [86].

In general, the context for applying these results does not seem
to be logically restricted to the particular characteristics of the
place where the study was conducted. Instead, it points out the
possible general characteristics and interests of the different
participants. While all of the participants resided in only one
region of Spain, it is true that Spanish primary care practices
on the whole are currently a setting with a very high care
delivery burden [87], and patient profiles also show a certain
tendency toward personal contact in visits, as occurs in the
majority of countries studied [88]. For this reason, our results
seem to be fairly reliable. Nonetheless, it would be logical to
propose future studies that make use of our proceduresin other
countries, in order to verify the extent to which our conclusions
can be generalized in different popul ations, or whether they are
in fact the specific product of the studied population. The fact
that the interviewer and analysis team were mental health
specialists, psychologists, and psychiatrists should not be
overlooked, and they may therefore have focused the framework
of discourse generation and the creation of emerging categories
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toward topics of special interest in thisfield of knowledge. We
would add that the randomized controlled study conducted
parallel to this work, although with different participants, may
have exerted a certain influence on the processes of analysis
and interpretation of the data.

Conclusions

This study shows how patients, physicians, and managers see
the possibility of carrying out Web-based psychotherapy for
the treatment of depression revolve around two attractors: the
need for individualized interaction, which enables the
establishment of a therapeutic aliance, and the processes for
standardizing the program, which would prevent professional
overloading while optimizing cost-effectiveness. In order to
find a balance between both expectations, Web-based
psychotherapy should be understood as a complementary
intervention, which allows the amount of human contact to be
reduced, but without completely eliminating it. This type of
intervention provides away of treating depression, which would
permit more patientsto be supervised with fewer visits, offering
a solution to the problem of waiting lists, and without being an
additional burden for health professionals. Research showsthat
Web-based psychotherapy as an approach to treating depression
isinitsinfancy as atherapeutic option. In order to facilitate its
implementation in primary care, we should be aware of the
expectations of all participants by designing effective programs
that are ableto offer patientsindividualized treatment by means
of standard interventionsin the different contexts. Incorporating
Web-based therapy into health systems harmoniously will show
itsvalueinimproving delivery of care[89], by facilitating access
to resources and improving working conditionsfor professionals.
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Abstract

Background: The burden of cancer is increasing; projections over the next 2 decades suggest that the annual cases of cancer
will risefrom 14 millionin 2012 to 22 million. However, cancer patientsin the 21st century areliving longer dueto the availability
of novel therapeutic regimens, which has prompted a growing focus on maintaining patients' health-related quality of life.
Telehealth isincreasingly being used to connect with patients outside of traditional clinical settings, and early work has shown
itsimportance in improving quality of life and other clinical outcomes in cancer care.

Objective: Theam of this study was to systematically assess the literature for the effect of supportive telehealth interventions
on pain, depression, and quality of life in cancer patients via a systematic review of clinical trias.

Methods: We searched PubMed, EMBASE, Google Scholar, CINAHL, and PsycINFO in July 2013 and updated the literature
search again in January 2015 for prospective randomized trials evaluating the effect of telehealth interventions in cancer care
with pain, depression, and quality of life as main outcomes. Two of the authors independently reviewed and extracted data from
eligible randomized controlled trials, based on pre-determined selection criteria. Methodological quality of studies was assessed
by the Cochrane Collaboration risk of biastool.

Results. Of the 4929 articles retrieved from databases and relevant bibliographies, atotal of 20 RCTswere included in the final
review. The studies were largely heterogeneous in the type and duration of the intervention as well as in outcome assessments.
A magjority of the studies were telephone-based interventions that remotely connected patients with their health care provider or
health coach. The intervention timesranged from 1 week to 12 months. In general, most of the studies had low risk of bias across
the domains of the Cochrane Collaboration risk of biastool, but most of the studies had i nsufficient information about the all ocation
concealment domain. Two of the three studies focused on pain control reported significant effects of the intervention; four of the
nine studies focus on depression reported significant effects, while only the studies that were focused on quality of life reported
significant effects.

Conclusions: This systematic review demonstrates the potential of telehealth interventions in improving outcomes in cancer
care. However, more high-quality large-sized trials are needed to demonstrate cogent evidence of its effectiveness.

(J Med Internet Res 2015;17(3):€65) doi:10.2196/jmir.4009
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Introduction

The burden of cancer is increasing globally; projections over
the next two decades suggest that the annual cases of cancer
will rise from 14 million in 2012 to 22 million [1]. Cancer is
the leading cause of death worldwide and the second leading
cause of death inthe United States[1,2]. Encouragingly, cancer
patients in the 21st century are living longer due to a
combination of early detection, availability of novel therapeutic
regimens, and improved supportive care. According to the
National Cancer Ingtitute, the 5-year survival ratefor all cancers
increased significantly from about 48.7% in 1975 to about 68.5%
in 2006 in the United States [2]. Despite these notable
improvements in cancer outcomes, many patients experience
physical and/or emotional distress, resulting from complex
interplays between the disease process and treatment modalities,
which significantly impact quality of life [3,4]. In this context,
extended longevity has necessarily prompted a growing focus
on better defining, capturing, and maintaining health-related
quality of life (HR-QOL).

An increasingly popular model for delivering supportive care
for patients with cancer is telehealth or other terminologies
including connected health, eHealth, mHealth, that are used to
describe health care delivery that leverages technology.
Telehealth offers patients the opportunity for long-term home
monitoring, health education and coaching, behavioral
modification, sharing health information with care providers,
and timely feedback. It has been largely employed in the
management of chronic disease such as diabetes, hypertension,
and heart failure [5-10]. Nowadays, with many patients with
cancer living longer, it is increasingly being used to engage
patients with cancer. Over the last decade, a growing body of
studies regarding the application of telehealth in cancer care
has been published. Some of the common applicationsin cancer
careinclude management of pain, cancer-related psychological
effects, and overall useto improve quality of life. However, the
evidence of its effectivenessin cancer careis still not solid due
to difficulty in designing or implementing non-biased
randomized controlled trials (RCT) exploring its true effect.
For thisreason, thereisadearth of published systematic reviews
or meta-analyses that summarize this topic. In this study, we
evaluate the effect of telehealth on pain, depression, and quality
of lifein cancer patients viaa systematic review of RCTSs.

Methods

Literature Search

We first searched PubMed, EMBASE, Google Scholar,
CINAHL, and PsycINFO in July 2013 for prospective RCTs
evaluating telehealth in cancer care regarding pain, depression,
and quality of life. The search was updated in January 2015.The

keywordswere asfollows:. “neoplasms[MeSH]”, “cancer” and

http://www.jmir.org/2015/3/e65/

“Remote Consultation [Mesh]”, “mHealth”, “ connected health”,
“text messaging”, “telemedicing”, “telehealth”, “ehedlth”,
“telephone therapy”, “teleconsultation”, “mobile technology”,
“telecare’, “Internet”, “digital health”, “mobile phone*”,

“smartphone’, “apps’, and “mobile application”.

Selection Criteria

Weincluded RCTsthat met al of thefollowing criteria: reported
the effect of telehealth on pain, depression, or quality of lifein
cancer patients. If data were duplicated or shared in more than
one study, the last published or more comprehensive study was
included in the analysis.

Selection of Relevant Studies

Based on the pre-determined selection criteria, 2 authors (JW,
SA) independently selected all trialsretrieved from the databases
and bibliographies. Disagreements between evaluators were
resolved by discussion.

Assessment of M ethodological Quality

The methodological quality of included studies was assessed
by the Cochrane Collaboration’s risk-of-bias tool [11], a
commonly used tool to report the risk of bias in individual
studiesincluded in systematic reviews. Thetool assesses several
internal validity domains, which include sequence generation,
allocation concealment, blinding of study participants, personnel
and outcome assessors, incomplete outcome data, selective
reporting, and other sources of bias. We classified each of these
domainsashbeing at high, low, or unclear risk of bias. Datawere
entered into Review Manager 5.3, and arisk of bias graph was
generated for all included studies.

Results

Overview

Figure 1 depicts a flow diagram of how we identified relevant
clinical trialsincluded in thisreview. Using the above-mentioned
keywords, a total of 4929 articles were identified from the
literature search of five databases, that is, PubMed, EMBASE,
Google Scholar, CINAHL, and PsycINFO. After excluding 297
duplicated articles, 2 authors independently reviewed and
excluded an additional 4561 articles that did not satisfy the
pre-determined selection criteria based on each article's title
and abstract. We reviewed the full texts of the remaining 71
articles and excluded 51 articles because of the following
reasons. identical trials with the same population (n=7),
nonrandomized studies (n=8), trials not related to the subject
(intervention/outcome) of this study (n=32), and trialsreporting
only the study protocol (n=4). A total of 20 trialswereincluded
in the final analysis[12-31]. Since the studies included in this
review are RCTs with comparator groups, we report only
between-group effect estimates. Pre- and post measures within
groups were not considered.
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Figure 1. Flow diagram depicting the systematic review process.
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Characteristics of Included Studies

Table 1 shows the general characteristics of the 20 trials. Eight
(40%) of the 20 studies focused on improving quality of life
[16,18,19,22,24,26,28,31], another nine (45%, 9/20) on
improving depression outcome (Sherman et al actually focused
on psychological well-being) [12,15,17,20,21,25,27,29,30], two
(10%, 2/20) on improving pain control [13,14], and one (5%,
1/20) has both pain intensity and depression as main outcomes

http://www.jmir.org/2015/3/e65/

RenderX

[23]. The Functional Assessment of Cancer Therapy (FACT)
was the most (62.5 of all studies with HR-QOL as main
outcome) commonly used measure of quality of life. The Center
for Epidemiologic Studies Depression Scale (CES-D) and the
Hospital Anxiety and Depression Scale (HADS) were the most
commonly used measure for depression and the Brief Pain
Inventory most commonly (66.7% of all studies with pain
intensity as main outcome) used to eval uate pain outcomes. The
studieswere published over aperiod of 9 yearsfrom 2006-2014.
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Table 1. Characteristics of randomized trials included in the systematic review on telehealth for cancer patients®.
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Author, year, Technology Participants Objectives Intervention Comparator Intervention time
country
Badger, [12] Telephone 70 breast cancer  Toevauatetheeffica= Telephoneinterperson- Telephone health 8 weeks: eight weekly
2012, USA patients and their cy of two telephone- @ counseling deliv-  education deliv- sessions for patients and
supportive part-  delivered interven- ered by trained inter-  ered by trained four sessions every other
ners (SPs) tionsin improving ventionist professionals week for SPs
quality of life among
L atinas with breast
cancer and their fami-
ly membersor friends
Borosund Internet 167 breast cancer  To evaluate the effect  Two intervention Usual standard of 6 months
[27] 2014, patients of the componentsof arms: (1) Internet- care at the hospital
Sweden aWeb-based support  based patient-provider  of treatment
tool on symptom dis-  communication (IP-
tress, anxiety and de-  PC) tool, (2) Web-
pression choice + |PPC. Web-
choice fecilitates
symptom monitoring,
self-management and
communication with
other patients
Duffecy, []  Internet 31 patientswith  To evaluate thefeasi-  Individual Internet In-  Individual Internet 8 weeks
2012, USA any cancer bility of aWeb-based tervention +Internet  Interventionisa
interventioninincreas-  Support Group (ISG).  self-management
ing adherencetothe  ISGincludedadiscus- program, based on
interventionand effica  sion board and fea- cognitive behav-
cy inreducing symp-  turesto enhance sup- iora principles, for
toms of depressionin  portive accountability the treatment of
post cancer treatment depression
survivors
Freeman, Video-conference 118breast cancer To evaluate the effect  Two intervention Wait-list controls 3 months
[28] 2014, survivors of animagery-based  groupswith five 4-hr
USA group intervention on  weekly group session
quality of lifein delivered by trained
breast cancer sur- professionals vialive
vivors sessionsor video-con-
ferencing plusweekly
telephone calls
Gotay, [25]  Telephone 305 breast cancer  To evaluate the effec- Telephonecounseling/  Standard care 4-8 sessionsweekly with
2007, USA patients tiveness of apeer-de-  information sessions 1-2 calls per week for 1
livered telephonesup-  delivered by trained month
portinterventionon  peer counselors at a
psychosocial out- breast cancer advoca-
comesin patientswith ¢y organization
afirst recurrence of
breast cancer
Harrison, Telephone 75colorecta can- To evaluate the effec- CONNECT: post- Usua care: follow- 5 calls over 6 months
[19] 2011, cer (CRC) pa- tiveness of anurse- surgery follow-up up appointment
Australia tients delivered telephone  telephone callsdeliv-  with a general
supportiveinterven-  ered by an experi- practitioner and
tioninreducingunmet enced colorectal can-  surgeon

supportive care needs,
reducing health ser-
vice utilization, and
improving HR-QOL
post- discharge from
the hospital after
surgery for CRC

cer nurse who has un-
dergonetraining in
telephone communica-
tion
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Author, year, Technology Participants Objectives Intervention Comparator Intervention time
country
Hawkins, Telephone and 434 breast pa- To evaluatethe medi-  3interventiongroups: Internet training 10 times over 6 months
[22] 2010, web tients ating processesof two (1) Accessto the and access
USA communication inter-  Web-based compre-
ventionstoimprove  hensive Health En-
HR-QOL in patients  hancement Support
with breast cancer System (CHESS), (2)
Telephone-based
Cancer information
mentor, (3) CHESS +
Cancer Information
Mentor
Kim, [14] Telephone 108 patientswith  To evaluate the effec-  Telemonitoring per-  Standardized pain 30 mins every day for 1
2013, Korea any solid-organ  tiveness of standard-  formed by an NP educationbasedon  week
tumor ized education and trainedinpanman-  the WHO and NC-
telemonitoring inim-  agement CN pain control
proving pain, distress, guidelines deliv-
anxiety, depression, ered by NP on the
HR-QOL, and perfor- first visit
mance in outpatients
with advanced cancers
Kroenke, Telephone and 405 cancer pa- To evaluate the effect  Telephonic care man-  Usual care provid-  Follow-up callsand auto-
[23] 2010, Internet tients of atelephone-based agementby anurse  ed by oncologists.  mated symptom monitor-
USA care management care manager com- ing staggered over 12
combined with auto-  bined with automated months
mated symptommoni-  Symptom monitoring
toring on depression  (viainteractive voice-
and pain in patients  recorded telephone
with cancer calls or Web-based
surveys)
Lepore, [29] Internet 184 breast cancer  To test the mental Pro-social Internet Standard-ISG with 6 weeks
2014, USA patients health benefits of two  support group (ISG)  weekly live 90-
Internet support group  which includes all minutes chatsfacil-
(ISG) interventionsin  features of the Stan-  itated by PhD level
women with breast dard-1SG plustipson interventionist plus
cancer recognizing and re- discussion board
sponding to others’ for asynchronous
need for support and  text communica-
participationin a tion
breast cancer aware-
ness outreach activity
Livingston,  Telephone 571 malecolorec- To evaluatethepsy-  Cancer Helpline: tele- Passive Referral:  Active Referra—4: four
[20] 2009, tal (CRC) and chological impact of  phonecalsfromcan- usua carewhich  outcalls staggered over 6
Australia prostate cancer  areferral and tele- cer nursesto help pa-  involved aspecial- months post-diagnosis.
patients phone intervention, tients addressissues  istreferral tothe A tive Referral—1: out-
involvinginformation they may experience  Helplinebut con- | within 1 week of di-
and support, among  during cancer care. 2 tact was at the par- agnosis.
men with CRC and intervention groups.  ticipant’sinitiative
prostate cancer (1) Active Refer-
ral—4: four outcalls,
(2) Active Refer-
ral—1: one outcall.
Loprinzi, Telephone 25 breast cancer  To evaluate the effect  The SMART pro- Wait list group. In- 12 weeks: telephonecalls
[18] 2011, survivors of aStressManage-  gram: consisted of 3 tervention delayed at 4-week intervals. Each
USA ment and Resiliency  parts: 2 small-group, by 12 weeks. call lasted approximately

Training (SMART)
program for increas-
ing resiliency and for
decreasing stress and
anxiety among breast
cancer mentors who
themselveswere previ-
ously diagnosed with
breast cancer

90-minute sessions
teaching the SMART
program; abrief indi-
vidual follow-up ses-
sion with a study in-
vestigator; and 3 fol-
low-up telephonecalls

15 minutes

http://www.jmir.org/2015/3/e65/ JMed Internet Res 2015 | val. 17 | iss. 3 |e65 | p.84

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Agboolaet a

Author, year, Technology Participants Objectives Intervention Comparator Intervention time
country
Marcus, [21] Telephone 304 breast cancer To evaluate the effect Usual care + Tele- Usual care: booklet 16 sessions delivered
2009, USA patients of atelephonecounsd-  phone Counseling listing psychoso-  over a 12-month period.
ing programon psy-  program delivered by cial and other so-  Each session lasted 45
chosocial outcomes  four Masters-level cid serviceandre- mins
among breast cancer  psychosocia oncolo-  habilitation re-
patients post-treat- gy counselors sourcesin their
ment community for
breast cancer
Nelson, [24] Telephone 50 cervical can-  To evaluatethefeasi- Psychosocial tele- Usual care 5 weeks: weekly session
2008, USA cer patients bility of apsychoso-  phone counseling in- about 45to 50 minin
cial telephonecounsd-  tervention, delivered length + 1 month booster
ing interventionde- by apsychologist, de- later
signed for patients signed to help women
with cervical cancer  copewiththe stressful
on improving HR- events and feelings of
QOL distress associated
with cervical cancer
Park, [16] Telephone 48 breast cancer  To evaluate the effect  Psychoeducation plus  Standard carefrom 12 weeks: 10-30 mins
2012, Korea patients of apsycho-education- Standard care. The their medical team telephone coaching ses-
al support programon  psychoeducational plus ashort book-  sions every other week
HR-QOL and symp-  program consisted of  let on cancer care
tom experience for individual face-to-face
women in the first education using apar-
year post-breast can-  ticipant handbook,
cer treatment survivor-  telephone-delivered
ship health-coaching ses-
sions, and small-group
meetings
Rustoen, Telephone 179 cancer pa- Toevaluatetheefficae PRO-SELF: Individu- Cancer painman- 6 weeks
[13] 2013, tientswithbone cy of PRO-SELFin  alized pain manage-  agement booklet
Norway metastasis decreasing paininten- ment education deliv-  plus home visits
Sty scoresandincreas-  ered by oncology inter-  and nurse tele-
ing opioid intekein  vention nurseswho  phoneinterviews
cancer patients. visited patientsin with the same fre-
their homes at weeks  quency as patients
1,3,and6andcon-  intheintervention
ducted telephoneinter-  to monitor level of
viewsat weeks 2,4,  adherence with
and 5 completing the
pain diary
Ryhanen, Internet 90 breast cancer  To evaluate the effect Hospital standard of ~ Oral and written Throughout the treatment
[31] 2013, patients of the Breast Cancer careplusthe BCPP  education materias period, average of 9
Finland Patient Pathway program- anInternet- accordingtohospi- months
(BCPP) programon  based patient educa-  tal standards
patients’ empower- tion tool to increase
ment process. Specifi- patients’ knowledge
cally looking at quali- about breast cancer
ty of life, anxiety, and
side-effects
Sandgren, Telephone 218breast cancer To evaluate the effec- Telephonecounseling Standard care 5 weekly 30-minutes
[26] 2006, patients tiveness of two tele-  including health educa phone calls, with a 6th,
USA phone-based interven-  tion and emotional follow-up call, made ap-
tionsin improving expression therapy prox. 3 months |ater

mood and HR-QOL in
patients with breast
cancer

delivered by oncology
nurses
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Author, year, Technology
country

Participants

Objectives

Intervention

Comparator

Intervention time

Sherman, Telephone 249 breast cancer  To evaluate the effect
[17] 2012, patients of three technology-
USA based interventionson
physical, emotional,
and socia adjustment
of women with early-
stage breast cancer
Stanton, [30] Internet 88 breast cancer  To evaluate the effect
2013, USA patients of an Internet-based

invention designed for
chronicling the cancer

3intervention groups:
(2) usual care + four
phase-specific psy-
choeducational
videos, (2) Usua care
+ four phase-specific
telephone counseling
sessions delivered by
nurse interventionist,
(3) usual care +
phase-specific psy-
cho-educational
videost+ phase-specif-
ic telephone counsel-
ing sessions

Project Connect On-
line: patients taught
how to develop person-
alized website where

Usual care was
standardized across
all sites according
to national treat-
ment protocols for
the diagnosis and
treatment of breast
cancer.

Waiting-list con-
trol

Phase-specific: four
phases of the breast can-
cer experience: diagno-
Sis, post-surgery, adju-
vant therapy and ongoing
recovery

6 months

experience and pro-
moting communica-
tion

they can journal their
cancer experienceand
share content with

their socia networks

8HR-QOL: Hedlth-related Quality of Life; CHESS: Comprehensive Health Enhancement Support System; WHO: World Health Organization; NP:
nurse practitioner; SP: supportive partner; NCCN: National Comprehensive Cancer Network; CRC: colorectal carcinoma; SMART: Stress Management

and Resiliency Training.

The majority (13/20, 65%) of the studieswere conducted in the
United States. The other countriesrepresented include Australia
(2/20, 10%), South Korea (2/20, 10%), Sweden (1/20, 5%),
Finland (1/20, 5%), and Norway (1/20, 5%). The sample size
in each of the studies ranged from 25-571 for atotal of number
3789 subjectsin all. The median follow-up time was 4 months
with arange of 1 week to 18 months. Thirteen (65%) of the 20
trials, were conducted among patients with breast cancer
[12,16-18,21,22,25-31], followed by four trialsin patients with
any solid cancer [13-15,23], and one trial each with focus on
cervical [24], colorectal [19], and colorectal/prostate cancers
[20].

Many of theincluded studies (14/20, 70%) were tel ephone-based
interventions, although two of them were used in conjunction

http://www.jmir.org/2015/3/e65/

Web-based systems. Most of thesetel ephone-based interventions
(12/14, 85.7%) involved a professional interventionist (nurses,
psychologists, or counselors) trained to provide counseling,
while the remaining two studies [18,25] were delivered by peer
counselors who are cancer survivors. Additionally, only one of
these tel ephone-based studi es utilized automated voi ce response
[23], which was actually used in conjunction with life-support
personnel. Five of the studies [15,27,29-31] used Web-based
delivery systems for their interventions, and one study [28]
utilized store-and-forward video-recorded sessions to deliver
their intervention. The duration and frequency of the
interventions varied and so also the total intervention time with
amedian of 12 weeks and range of 1 week to 12 months. Table
2 summarizesthe main resultsfrom each of the studies showing
effects of the intervention on primary outcomes.
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Table 2. Results showing effects of the intervention on primary outcomes™
Author, year, Follow-up time Outcome Outcome measurement Effect measure Effect size P value
country
Kim, [14] 2013, 1 week Pain BPI Mean pain score; pro-  -0.3; -16% .24; .02
Korea portion with pain score
24

Rustoen, [13] 6 weeks Pain Numerical rating scale Mean changeinpain  No effect NS
2013, Norway intensity score
Kroenke, [23] 12 months Pain, depression BPI, HSCL-20 Mean difference -0.70; -0.26 <.001;
2010, USA <.001
Badger, [12] 2013, 16 weeks Depression CES-D Mean difference No effect NS
USA
Borosund, [27] 6 months Depression HADS Mean differencecom-  Webchoice: - .03; .03
2014, Sweden pared with control 0.79; IPPC:

0.69
Duffecy, [15] 8 weeks Depression HADS Mean difference 0.26 --
2013, USA
Gotay, [25] 2007, 3 months Depression CESD Oddsrratio of propor-  1.38 .24
USA tion with scores =16
Lepore, [29] 2014, 1 month Depression HADS Unstandardized regres- 1.11 .028
USA sion coefficients (S

1SG=0, P-1SG=1)

Livingston, [20] 12 months Depression HADS Mean difference 0.16; -0.19 .55; .57
2010, Australia
Marcus, [21] 2010, 18 months Depression CESD Mean difference; Pro-  Nochangein NS; .06
USA portionwith scores=16 mean scores,

0.23
Stanton, [30] 2013, 6 months Depression CESD Adjusted group means 5.8 .009
USA
Freeman, [28] 3 months HR-QOL SF-36; FACT-B Adjusted group means Comparing 15;.02;
2014, USA LDvsTDVs (g

WL:

SF-36 PCS:

48.32vs49.93

Vs 46.81,

SF-36 MCS:

48.77vs49.40

vs44.30

FACT-B:

24.66vs26.03

VS 23.66
Harrison, [19] 6 months HR-QOL FACT-C Mean difference 74 19
2011, Australia
Hawkins, [22] 6 weeks HR-QOL WHOQOL Mean difference 0.26, 0.19, All <.05
2010, USA 0.24
Loprinzi, [18] 12 weeks HR-QOL LASA QOL Mean difference 23 -
2011, USA
Nelson, [24] 2008, 4 months HR-QOL FACT-Cx Mean difference 11.57 .012
USA
Park, [16] 2012, 3 months HR-QOL FACT-B Mean difference -17.18 .002
Korea
Ryhanen, [31] Throughout treat- HR-QOL Quality of life instrument - Mean QOL scores .82
2013, Finland ment period, aver- breast cancer patient version (ANOVA)

age 9 months

Sandgren, [26] 13 months HR-QOL FACT-G Mean score 96.84vs95.50 >.11
2007, USA vs 97.00
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Author, year, Follow-up time Outcome Outcome measurement Effect measure Effect size P value
country
Sherman, [17] Phase-specific: Psychological well-  PAL-C Mean change No effect NS
2012, USA within 14 daysof  being

completion of adju-
vant chemotherapy
or 6 months post-
surgery

3HR-QOL: Health-related Quality of Life; CES-D: Center for Epidemiological Studies-Depression Scale; BPI: Brief Pain Inventory; HADS: Hospital
Anxiety and Depression Scale; FACT-B: Functional Assessment of Cancer Therapy-Breast; PAL-C: Profile of Adaptationto Life Clinical Scale; LASA
QOL: Linear Analog Self-Assessment Quality of Life; FACT-C: Functional Assessment of Cancer Therapy-Colorectal; WHOQOL: World Hedth
Organization Quality of Life; HSCL-20: 20-item Hopkins Symptom Checklist; FACT-Cx: Functional Assessment of Cancer Therapy-Cervical; FACT-G:
Functional Assessment of Cancer Therapy Scale-General; NS: non-significant.

Figure 2 depicts the methodological quality of the studies
included inthisreview. Most of the studies provided information
about the method of generation of random sequence, whiletwo
studies [14,20] applied inappropriate methods of random
seguence generation. Only afew studies (25%, 5/20) provided
information about allocation concealment. Similarly, only afew
studies (25%, 5/20) [15,17,23,29,31] had low risk of bias on
the blinding of subjects and study personnel domain. Seven
studies [13,15,18,21,22,24,27] were judged to have a risk of
bias on the incompl ete outcome reporting because of imbalance
in dropout rates by group or insufficient accounting of all study
participants.

Kim et al [14] compared the efficacy of pain education alone
(control arm) and pain education plus telemonitoring
(experimental arm) on pain and depression in a total of 108
patients with advanced solid tumors. In their trial, nursing
specialists provided video-assi sted educational material in both
arms and daily telemonitoring for the first week in the
experimental arm. There was significant improvement in pain
and depression outcomes comparing baseline and final outcome
in al study participants. They also reported significant
reductionsin number of intervention subjectswith pain intensity
scores =4 compared with control group (35%-19%, P=.02).
Although average pain score over the past 24 hours (-1.2 vs
-1.9) and worst pain scores (-0.7 vs -1.9) decreased compared
to control group, these were not significant. Similarly, Harrison
et a [19] evaluated the effectiveness of a nurse-delivered
telephone supportive intervention (the “CONNECT”
intervention) compared with usual care in 75 colorectal cancer
patients. The CONNECT intervention consisted of five calls
from a specialist nurse in the 6 months after initial discharge
from the hospital [32]. They aso found time-dependent
improvement in HR-QOL within each arm but failed to reach

http://www.jmir.org/2015/3/e65/

a statistical significance comparing intervention and control
groups.

Livingston et a [20] enrolled 571 newly diagnosed male CRC
(n=182) and prostate (n=389) cancer patients and randomized
them into three arms. two intervention arms and a passive
referral arm. In the active referral arms, the specidist actively
referred men to aCancer Helpline. In Active Referral-4, patients
received calls from the Helpline within 1 week of diagnosis, at
6 weeks, 3 months, and 6 months post diagnosis. In the Active
Referral-1 arm, patients received only one call within 1 week
of diagnosis. In the control arm, Passive Referral, patientswere
referred to contact the Helpline at their own initiative. The
telephone helplines were developed by many cancer
organizationsin Australiato provideinformation tailored to the
cancer patient’s needs, support, and referral to supportive service
[33]. The study included only mal e patients based on prior work
that suggested that men were less likely to utilize supportive
services[33,34]. However, they found no psychological impact
of the telephone-based intervention; mean changes over time
in cancer-specific depression outcomes were similar between
study arms.

In 2010, Kroenke et a reported the results of the Indiana Cancer
Pain and Depression (INCPAD) tria [23]. In this trial, 202
patientswere randomly assigned to receive theintervention and
203 to receive usual care. Patients in the intervention group
received centralized telecare management by anurse-physician
specialist team coupled with automated home-based symptom
monitoring by interactive voice recording or online. They
reported that the intervention resulted in improved pain and
depression outcomes in cancer patients assigned to receive the
intervention. The standardized effect size for between group
differences at 3 and 12 months was 0.67 (95% CI 0.33-1.02)
and 0.39 (95% Cl 0.01-0.77) for pain, and 0.42 (95% ClI
0.16-0.69) and 0.41 (95% CIl 0.08-0.72) for depression.
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Figure 2. Risk of bias graph for included studies.
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Fisk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all

included studies.

Discussion

Principal Findings

This systematic review of randomized controlled trias
evaluating the effect of telehealth interventions on pain,
depression, and HR-QOL outcomesin cancer care included 20
studies published over a 9-year period from 2006-2014. From
this review, we make a number of observations. First, the
application of telehealth in cancer care is in early stages, and
all the studieswere conducted in high-income countries. Second,
the studies were largely heterogeneous in design and outcome
assessments, making it difficult to pool effects in a
meta-analysis. Third, the interventions are diverse in terms of
type, content, intervention times, follow-up periods, and
outcome measures.

Two of the three studies included in this review that focused
on pain control reported a positive effect of telehealth on
improving outcomes [14,23]. However, the study by Rustoen
et a attributed inadequate dose of the psychoeducational
intervention as one of the probable reasons for lack of efficacy.
Thisis in contrast to the other two studies that relied heavily
on collaborative care management between patients, their
caregivers, and health care providers with extensive patient
education. The INCPAD trial alsoincluded automated symptom
monitoring as part of the intervention. Previous systematic
reviews have identified patient education as a key component
in improving cancer pain management. Lovell et al proposed
four core principles that should guide the basis for patient
education to successfully improve cancer pain management.
These include the principles that education should be (1)
patient-centered, (2) be an integra component of the
patient-provider relationship, (3) aimed at patient empowerment
for self-management, and (4) incorporated as part of ongoing
careto counsd and support patientsin the context of the severity
of their pain, their needs and self-management plans. Therefore,
incorporating collaborative patient-centered psychoeducational
strategies in the design of technology-based interventions for
pain management could improve efficacy of technology-based
pain management interventions.

http://www.jmir.org/2015/3/e65/

RenderX

In contrast to the pain-focused studies, three of the eight studies
evaluating the effect of telehealth on HR-QOL demonstrated
improved outcomes. A recent review by Dickson et d evaluating
the use of technol ogy-based interventions for cancer follow-up
surmised that the interventions did not decrease HR-QOL [35].
Similarly, four of the ten studies evaluating the effect of
telehealth interventions on depression demonstrated significant
improvement in depression outcomes. The SMART oncology
trial, another collaborative care management approach that was
delivered by a care manager under the supervision of a
psychiatrist, demonstrated improvement in depression outcomes
[36]. Also, a meta-analysis evaluating the effect of various
interventions on depression in cancer patients showed that
compared with controls, psychotherapy significantly improved
outcomes and cognitive behavioral therapy was particularly
associated with better outcomes [37].

It is noteworthy that the majority of interventions reported in
thisreview were tel ephone-based. Thisisunsurprising because
telephone systems are one of the oldest and most reliable
information technol ogies available today, which makes them a
very popular communication tool across different generations.
They also enable persona live interactions between patients
and providers, which can enhance the patient’s sense of being
supported. While they are aso very cheap, the cost of
maintaining a professional to deliver care coupled with the fact
that treatment effects could be provider-dependent may hinder
scal ability. Whilethere are no doubtsthat the current dominance
of telephone-based interventions will continue, current trends
suggest that mobile phones will be the primary medium of
delivery. Thisisevidenced by the near global ubiquity of cellular
coverage and the increasing affordability, portability, and ease
of use of smartphones[38]. Current estimates suggest that about
56% of US adults own a smartphone, and we envisage that this
upward trend will continue [39]. While the telephone-based
interventions in this review are largely voice communications,
text messaging now appears to be a dominant function that is
being used to engage patients across multiple disease groups.

Although not specific to connected hedth-related studies,
previous studies have highlighted similar chalenge [40].
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Okuyama et a in their review of clinical trials evaluating
psychosocial telephone interventions in patients with cancers
and survivors aso reported a similar finding that the majority
of the studies reviewed lacked a standardization of outcome
assessments and did not adhere adequately to reporting
according to CONSORT guidelines. To standardize the reporting
of technology-based interventions, the CONSORT-EHEALTH
Group developed checklists to provide useful guidelines in
reporting technology-based trials [41]. The time is ripe to
capitalize on the current optimism of the potential of telehealth
to transform care delivery. To realize this goal, we cannot
overemphasize the need to design high-quality trials to
comprehensively establish evidence of the effectiveness of
telehealth-related studies.

Limitations

This study is not without limitations. The fact that we included
only studies reported in English could have led to the exclusion
of relevant studies, but we do not believe thiswill significantly
impact our findings. We limited our search to five databases
and also did not search the gray literatureto find relevant studies
nor did we include non-randomized, retrospective studies. We

Agboolaet a

believe that evidence from prospective randomized trials will
be sufficient to demonstrate effectiveness. In addition, there
was a heterogeneity of outcomes, outcomes assessment
measures, and comparators, which makesit difficult to estimate
overall effects.

Conclusions

Thisis one of the first studies seeking to evaluate the effect of
telehealth on pain, depression, and quality of life outcomesin
patients at different stages of their cancer experience. Whilethe
studies eval uating cancer pain outcomes proved to be effective,
the same could not be reported for those evaluating depression
and quality of life outcomes. In total, our findings suggest that
the application of telehealth in cancer careistill at avery early
stage and is mostly utilized in developed nations. Evidence of
its effectiveness demonstrates promise of improving pain,
depression, and HR-QOL -related outcomes in cancer patients.
There is a need to invest resources into developing rigorous
larger-sized clinical trias, standardize outcome assessments,
and improve reporting of clinical trialsto demonstrate the effect
of telehealth and redlize the potential of transforming care
delivery.
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Abstract

Background: Recent evidence supports the efficacy of programs that promote improvementsin the health practices of workers
50 years and older who are at higher risk for chronic diseases than younger workers are. Internet-based programs that promote
healthy practices have also shown promise and, therefore, should be especially appropriate for workers aged 50 years and older.

Objective: The purpose of the research was to eval uate the effectiveness of HealthyPast50, a fully automated Web-based health
promotion program based on social cognitive theory and aimed specifically at workers 50 years and older.

Methods: The randomized controlled trial was conducted across multiple US offices of alarge global information technology
company. The sampleincluded 278 employees aged 50 to 68 who were recruited online and randomly assigned to the Web-based
HealthyPast50 program or to await-list control condition. Self-report measures of diet, physical activity, stress, and tobacco use
were collected online before and 3 months after the program group was given access to the program. Use data included number
of log-ins and number of pages accessed. The primary analysiswas multiplelinear regression, following intent-to-treat principles
with multiple imputation using the Markov chain Monte Carlo (MCMC) approach for nonmonotone missing data. Potential
moderators from demographic characteristics and program dosage effects were assessed using multiple linear regression models.
Additional analyses were conducted on complete (nonimputed) cases, excluding program participants who used the program for
less than 30 minutes.

Results: Retention rateswere good for both groups: 80.4% (111/138) for the program group and 94.3% (132/140) for the control
group. Program group participants spent a mean of 102.26 minutes in the program (SD 148.32), logged in a mean of 4.33 times
(SD 4.28), and viewed a mean of 11.04 pages (SD 20.08). In the analysis of the imputed dataset, the program group performed
significantly better than the control group on diet behavioral change self-efficacy (estimated adjusted difference [A]=0.16, P=.048),
planning healthy eating (A=0.17, P=.03), and mild exercise (A=1.03, P=.01). Moderator and dosage analyses of the dataset found
no significant program effects. Analyses of the nonimputed dataset comparing program users with controls found additional
significant program effects on eating practices (A=0.09, P=.03), exercise self-efficacy (A=0.12, P=.03), exercise planning (A=0.18,
P=.03), and aging beliefs (A=0.17, P=.01). Moderator analysis of this dataset also found significant moderator effects of gender
on multiple measures of exercise.

Conclusions: A Web-based health promotion program showed promise for making a significant contribution to the short-term
dietary and exercise practices of older working adults. Gender effects suggest that the program effects on exercise are due mainly
to improvements among women.

(J Med I nternet Res 2015;17(3):€82) doi:10.2196/jmir.3399
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Introduction

Decades of studies have confirmed the link between chronic
illness and common modifiable risk factors, such as smoking,
physical inactivity, poor diet, and high stress [1,2]. Moreover,
there is ample evidence that the large and expanding group of
older workers—a sizable group numbering more than 50 million
people—are at higher risk for costly chronic diseasesthan their
younger coworkers [3]. It has also been shown that if workers
in midlife can reduce their modifiable health risks, they can
forestall disability and reduce their utilization of health care
services. By doing so, they can increase the likelihood of a
healthful, enjoyable life in their later years while aso
contributing to a possible reduction in health care costs [3-5].

Consequently, providing older workers (50 and older) with
effectivetoolsthat can help them improve their health practices
could be beneficial to these workers, who are more likely to be
affected by major diseases such as cancer, cardiovascular
disease, diabetes, and musculoskeletal disease. Moreover,
decreasing the health risks of older workers has special relevance
for employers and health care companies because annual 10sses
from chronic diseases exceed US $1 trillion (including
productivity losses), and older workers account for a
disproportionate share of the organization’s health care costs
[6]. In addition, from a public policy perspective, there is a
particularly strong incentive for reducing the health risks of
workers in this group because they will be moving onto the
Medicare rolls at age 65, swelling the enrollee population to
more than 70 million by 2030. There is ample evidence that
well-constructed health promotion programs for the workplace
can be excellent mechanisms for increasing worker health,
decreasing health care costs, and improving productivity [7-9].
Moreover, thereis accumul ating evidence that health promotion
programs developed specifically for older adults, with their
distinctive set of health risks and age-appropriate health
practices (eg, focusing on regular moderate activity rather than
highly aerobic exercise), can significantly improve their health
practices and lower their health risks[10-13].

Computer-based approachesto workplace health promotion and
disease prevention strategies have become more numerous,
including Web-based modes of delivery [14-22]. With the advent
of broadband, high-speed connections (especially prevalent in
workplaces), Web-based programs offer the advantages of
tailored, media-rich psychoeducational experiences accessible
at any time or place where an Internet connection is available.
Research on Web-based programsindicatesthat such approaches
can be an effective means of contributing to positive changes
in diet, physical activity, stress management, and substance
misuse [14-19]. However, with the exception of the study by
Hughes and associates[11], none of the more promising studies
focused on older working adults, but drew their samplesthrough
Internet recruiting [16,18] and church groups [15].

Becausethere are physical and psychological characteristics of
older workersthat distinguish them from younger workers, any
workplace intervention directed at this older group must be
tailored to their particular needs and characteristics. Most of
the health promotion topicsthat comprise the typical workplace
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health promotion program (eg, promoting physical activity,
healthy eating, stress management) should also be part of an
older workers program. However, both the content of the
programsand the recruitment and motivational strategieswould
most appropriately be altered for this age group.

The purpose of the research was to evaluate the impact of a
multimedia Web-based health promotion program on central
health attitudes and practices of older workers. This program,
called HealthyPast50, was designed asastand-al oneintervention
to address a wide variety of health behavior topics, including
physical activity, healthy eating, stress management, and tobacco
cessation—the health behaviorsthat contribute to the prevention
of major diseases.

Methods

Design

The impact of a multimedia Web-based program on the health
practices of workers 50 years of age or older was assessed in a
randomized controlled trial (RCT) in which participants were
randomly assigned to the Web-based program condition or to
a wait-list control condition. Participation was voluntary and
al protocols and procedures were approved by the ISA
Associates, Inc Ingtitutional Review Board, Alexandria, VA.
All participants, employees of a large global information
technology company, were surveyed on multiple outcome
measures before and 3 months after the program group received
access to the Web-based program. The specific objectives of
the study were to assess the extent to which the Web-based
program produced significant positive changes, from baseline
to posttest, on measures of stress, diet, physical activity, aging
beliefs, and tobacco use. All outcome measures were
self-reports, collected through an online survey. The full study
protocol is shown in Multimedia Appendix 1.

Procedures

A recruitment flyer briefly describing the purpose of the study
was emailed by company officialsto all employees 50 years of
age and older (approximately 2500 employees) located in
multiple US offices of a global information technology
company. The flyer stated that the study was being conducted
by a research organization through a grant from the National
Ingtitutes of Health. The flyer also explained that participants
would receive US $25 for completing the first questionnaire
and US $25 for completing the second questionnaire, and that
their name would be entered into a drawing in which 1
participant would receive US $500 during each questionnaire
round. Interested employees who fit the inclusion criteria (age
50 and older) wereinstructed to contact the project staff directly
by email or telephone. When interested employees contacted
the study team, they were provided additional information about
the study and their eligibility to participate (ie, age and
employment at the company) was confirmed. Employees
interested in participating after learning more about the project
provided the study team with an email address to be used to
send apersonalized email and link to the online baseline survey,
which also included the consent document. The full consent
document is shown in Multimedia Appendix 2.

JMed Internet Res 2015 | val. 17 | iss. 3 |e82 | p.95
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

After reading the consent document, participants selected 1 of
2 responses indicating whether they consented or declined to
participate. Participants were not able to continue with the
survey until they acknowledged and indicated that they
consented to participate. No participant declined to participate
(although, as noted subsequently, some initialy interested
employeesdid not compl ete the baseline survey and 1 employee
withdrew after consenting to participate and completing the
survey). An electronic copy of the consent document was then
emailed to participants after they compl eted the baseline survey.

A total of 290 employees contacted the study team in response
to the initial email and were sent a link to the online survey,
279 of whom completed the baseline survey. One participant
subsequently contacted the study team to withdraw from the
study leaving atotal sample size of 278 participants (Figure 1).

Randomization was conducted by the second author using a
block-randomized design with blocks of 4 and 6. The 0 and 1
within each block were random and the order of the group of 4
and the group of 6 was random. Randomization occurred after
each participant completed the baseline survey. The online
survey program was checked every day to determine who
completed the survey each day and individuals were assigned
to the next condition on the randomization table as they
completed the survey. Once randomization was complete,
participants were notified of the condition to which they were
assigned (no blinding procedures were employed) and were
informed of next steps; the program group was given the
program link and log-in information and the control group was
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told that their access to the program would be delayed until the
end of the test period. Participants could complete the online
guestionnaires and (for those in the program condition) access
the online program on work time or at home.

Participants in the program group could access the Web-based
program at any time during the 3-month test period, both at
work or outsidework (eg, at home). The program operated alone
and automatically; no human contact was involved. A “project
update” email was sent to participants at 1 month and 2 months
after randomi zation. For the program group, the emailsincluded
areminder to use the program and information about the latest
updateto the program (a brief message on the home page). With
the exception of the project update, the program was unchanged
throughout the test period. For the control group, the email
included information about when the second survey would be
available. In addition, the project staff was always available to
answer questions by telephone and email if participants had any
difficulty accessing the program. The data collection started on
October 10, 2012 (first participant enrolled) and ended on
February 23, 2013 (last participant completed posttest).
Individual accessto program by participants was limited to the
3-month test period. No discernable secular events of note
occurred during the test period. At the end of the 3-month test
period and prior to administering the follow-up survey, access
to the program was bl ocked. Three months after randomization,
participants were sent an email with the link to the follow-up
survey. After the posttest survey was complete, all participants
received access to the program.
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Figure 1. Participant flow diagram.
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Sample

Study participants were 278 employees of a large global
information technology company whose US offices are located
primarily in Massachusetts and California. The study was
powered for a sample size of 250 (after attrition) based on
previous studies by the authors. The computer literacy of the
workforce was estimated to be relatively high. Demographic
characteristics of the sample are displayed in Table 1.
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Analysis | i

Analysed (n=140)
Data was imputed for missing cases

Participants ranged in age from 50 to 68 years, 67.3% (187/278)
of whom were male and 89.6% (249/278) identified as
Caucasian. Participants were relatively affluent and well
educated: 64.7% (180/278) of participants had a Bachelor's
degree or higher and 70.1% (195/278) reported a household
income of US $100,000 or more. A comparison of the program
group with the control group on demographics and outcome
variables at baseline revealed no significant differences between
the groups indicating that randomization was successful.
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Table 1. Participant characteristics at baseline.

Demographics Control, n (%) Program, n (%) Total, n (%)
n=140 n=138 N=278
Gender
Male 89 (63.6) 98 (71.0) 187 (67.3)
Female 50 (35.7) 40 (29.0) 90 (32.4)
Prefer not to answer 1(0.7) 0 1(0.4)
Race
Black or African American 6(4.3) 3(2.2 9(3.2)
Caucasian 123 (87.9) 126 (91.3) 249 (89.6)
American Indian/Alaska Native 1(0.7) 0 1(0.4)
Asian 5(3.6) 2(L.4) 7(2.5)
Native Hawaiian or Other Pacific Islander 1(0.7) 1(0.7) 2(0.7)
Multiracial 214 4(2.9) 6(2.2)
Prefer not to answer 2(14 1(0.7) 3(11)
Latino
Yes 4(2.9) 4(2.9) 8(2.9)
No 134 (95.7) 133 (96.4) 267 (96.0)
Prefer not to answer 2(14 1(0.7) 3(11)
Age
50-54 74 (52.9) 64 (46.4) 138 (49.6)
55-59 36 (25.7) 47 (34.1) 83(29.9)
60-64 22(15.7) 22 (15.9) 44 (15.8)
65-69 8(5.7) 5(3.6) 13(4.7)
Marital status
Single 6(4.3) 9(6.5) 15 (5.4)
Married 114 (81.4) 101 (73.2) 215(77.3)
Divorced 14 (10.0) 16 (11.6) 30 (10.8)
Separated 0 5(3.6) 5(1.8)
Widowed 2(14) 3(2.2) 5(18)
Living with a partner 4(2.9) 4(2.9) 8(29
Income (US $)
<$60,000 4(2.9) 6 (4.3 10(3.6)
$60,000-$79,999 7(5.0) 12 (8.7) 19 (6.8)
$80,000-$99,999 15 (10.7%) 11 (8.0) 26 (9.4)
$100,000 or more 102 (72.9) 93 (67.4) 195 (70.1)
Prefer not to answer 12 (8.6) 16 (11.6) 28(10.1)
Education
High school diploma or equivalent 8(5.7) 6 (4.3 14 (5.0)
Vocational/technical training after high school 5(3.6) 12 (8.7) 17 (6.1)
Some college, but no degree 22 (15.7) 19 (13.8) 41 (14.7)
Associate's degree (AA, AS) 12(8.6) 14 (10.1) 26 (9.3)
Bachelor's degree (BA, BS, AB) 45 (32.1) 43(31.2) 88 (31.7)
Graduate or professional school, but no degree 10(7.2) 13(9.4) 23(8.3)
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Demographics Control, n (%) Program, n (%) Total, n (%)
n=140 n=138 N=278
Master's degree (MA, MS) 34(24.3) 28(20.3) 62 (22.3)
Doctorate degree (PhD, EDD) 4(29) 2(1.4) 6(2.2)
Professional degree beyond Bachelor’s degree (MD, DDS, JD) 0 1(0.7) 1(0.4)

Intervention

HealthyPast50 is a Web-based multimedia program containing
information and guidance on the major health promotion topics
of healthy aging, diet, physical activity, stress management, and
tobacco use. In addition, a centra module of the program
contai ned assessments across the major health topics, providing
recommendations on particular segments of HealthyPast50 that
users should visit based on the results of the assessments.
Sample screenshots are shown in Figure 2 and in Multimedia
Appendix 3. An outline of program content is shown in Figure
3. On the home page, users were encouraged to complete the
assessments  before accessing the other modules. These
recommendations were the only form of tailoring used in the
program. With the exception of the module on healthy aging,
all the magjor modules incorporated material from previously
developed and tested programs from our group (for which
evidence of efficacy was shown), modifying the content and
approaches for the 50 and older audience [19,22-23].

Program content was shaped specifically for older adults in
many ways. Throughout the program, from the home page
through al the modules, there are numerous depictions (eg,
photos, graphics) of older adults along with dozens of video
segments (testimonials) featuring people older than 50 years of
age describing their health practices, struggles, and successes.
An entire module is devoted to “Facts About Healthy Aging,”
emphasizing the importance of making positive changes in
health practices now, and containing a segment on “Aging
Myths and Facts.” The assessment module (My Health Profile)
is geared to older adults, tailored by age (eg, 50-59, 60-69) and
including questions about current diseases and preventive health
screenings. A central segment of the Stress and Mood
Management module describes with text, video, graphics, and
narration, the relationship between stress and aging, featuring
detailed information on how stress accel eratesthe aging process
at the cellular level by shortening the ends of chromosomes

http://www.jmir.org/2015/3/e82/

(telomeres). Dietary information in the Healthy Eating module
emphasizestherole of anutritious diet and a healthy weight in
preventing chronic disease and increasing longevity. Much of
the content of the Active Lifestyle module is oriented toward
older users, including the use of the Physical Activity Readiness
Questionnaire (PAR-Q), assessing one's readiness for physical
activity, the relationship of physical activity to mobility and
energy in later years, and the need to moderate the intensity of
eXercise as one ages.

The program functions were monitored throughout the test
period to ensure quality of operation. As with our group’s
previous Web-based interventions, HealthyPast50 was shaped
by a social-cognitive conceptual model based primarily on the
work of Bandura [24-25], emphasizing the boosting of
self-efficacy, self-regulation, and planning. A central premise
of this model is that to achieve lasting improvementsin health
behavior, anintervention must do morethan provideinformation
about a given health topic; it must aso provide the skills and
motivation that are essential to making lasting improvements
in one's health practices.

The Web-based HealthyPast50 program was devel oped by our
group over a 2-year period through multiple cycles of
devel opment and testing, beginning with focus groups of older
workers (age 50 and older) providing feedback on specific
features of the planned program, followed by ratings of
prototype content, and culminating in the workplace-based RCT.
The program was constructed using the Col dFusion-based Mura
content management system, with themany interactive elements
and assessmentsdevel oped in Flash. The program also contains
amplegraphics, audio, and video. Many of these main elements
are congruent with health behavior change theory and principles
(eg, providing opportunitiesfor observational learning, building
self-efficacy, and self-tailoring of content and sequence).

For access to the full HealthyPast50 program for review or
replication purposes, please contact the first author.
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Figure 2. Screenshots from HealthyPast50.
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Figure 3. HealthyPast50 content outline.
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M easures

Overview

The 30-45 minute online self-report survey contained the
measures described subsequently. In addition, program
utilization data, including number of log-ins, minutes in the
program, and pages accessed, were recorded for each member
of the program group.

Demographics
Seven items assessing respondents’ gender, age, race, ethnicity,
marital status, education, and income.

Symptoms of Distress

A 15-item scale developed by Orioli et a [26] and used in
multiple studies by our team [19,27]. Each item describes a
physical or emotional symptom of distress (eg, muscletension,
nervousness) with a 4-point response scale indicating the
frequency with which the symptom wasfelt in the past 30 days,
ranging from 1 (nearly every day) to 4 (never); a higher
score=less stress (0=.85).

Coping With Stress

Twelve items assessing the type of strategies one uses to cope
with difficult situations and events [ 26]. Questions are answered
on a4-point scale ranging from 1 (never) to 4 (almost always);
higher score=better coping. Typica questionsincluded“| often
put things aside for awhile to get perspective on them™” and “I
decide certain problemsare not worth worrying about” (a=.76).

Diet Outcome Expectancies

A 9-item scale developed and validated by Trenkner and
associates [ 28] assessing perceived benefits to eating a healthy
diet. The response scale is a 5-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree); ahigher score=higher
perceived benefits. Typical items included “Eating a poor diet
increases my chances of getting diseases like heart disease,
cancer, and diabetes’ and “Eating more fruits and vegetables
will make me healthier” (a=.80).

Barriersto a Healthy Diet

An 8-item scale al so developed and validated by Trenkner and
associates [ 28], assessing perceived barriersto eating a healthy
diet. The response scale is a 5-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree); ahigher score=lower
perceived barriers. Typical items included “It's easy to buy
healthy foodsin agrocery store” and “A lot of things get in the
way of my eating a more healthy diet” (0=.82).

Eating Practices

A 10-item subscale that is part of the Weight Control
Assessment scale developed by O'Neil and Rhodes [29], the
measure assesses the frequency with which respondents exercise
control over their eating during the past 30 days. The response
scaleis a4-point Likert scale ranging from 1 (almost always)
to 4 (never); a higher score=better control over eating. It
contained items such as* How often do you eat between meals’
and “Do you have trouble controlling your eating when your
favorite foods are around the house?’ (0=.77).
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Overeating Self-Efficacy

A 15-item scae assessing one's confidence in resisting
overeating in different situations, with responses on a 7-point
scale ranging from 1 (no difficulty controlling overeating) to 7
(most difficulty controlling overeating). Typical itemsincluded
“overeating when depressed” and “overeating around holiday
time” Developed by McCann et al [30], thisscaleisashortened
version of the 25-item Eating Self-Efficacy Scale[31]. A lower
score indicates greater self-efficacy (0=.95).

Diet Change Self-Efficacy

A 5-item scale previously used by the study team [22] that asks
respondents how confident they are that they can change their
dietary practices. The response scale has 5 points, from 1 (not
confident) to 5 (extremely confident); a higher score=higher
self-efficacy. Typical items included “How confident are you
that you have the skills to eat a healthy diet?” and “How
confident are you that you have the skillsto eat more fruits and
vegetables?’ (0=.88).

Planning Healthy Eating

A 2-item scale that asks respondents if they have a good plan
for “maintaining a nutritious diet” and for “minimizing the
amount of fats and sugars in my diet.” The response scale for
both itemsisa4-point scale, ranging from 1 (not at al true) to
4 (definitely true); ahigher score=better planning (item r=.77).

Weight and Body Mass I ndex

Two items ask respondents to report their height and weight,
yielding both weight and body mass index (BMI) measures.

Exercise Habits

The Godin Leisure-Time Exercise Questionnaire [32] isabrief
4-item query of usual leisure-time exercise habits, generating
5 activity scores. The first 3 items ask respondents to indicate
the times per week they engage in strenuous, moderate, and
mild exercise; the 3 items are combined to yield a score for
overall exercise. The fourth item (the “sweat” score) asks how
often the respondent engagesin an activity long enough to work
up a sweat; the 3-point response scal e ranges from 1 (often) to
3 (never/rarely). A lower sweat score is better. Reliability and
concurrent validity of the measure were demonstrated by Godin
and Shephard [32].

Exercise Self-Efficacy

An 8-item scale assessing the respondent’s confidence in
engaging in regular exercise. All items begin with “I am
confident that...” and are answered on a 4-point response scale
from 1 (not at all true) to 4 (alwaystrue); ahigher score=higher
exercise self-efficacy. Typical itemsincluded “I can accomplish
the physical activity and exercise goals that | set” and “I can
overcome barriers to and challenges to physical activity and
exercise if | try hard enough.” This scale was developed by
Kroll et al [33] (0=.91).

Sdf-Efficacy for Overcoming Barriersto Exercise

A 13-item scale that asks respondents how confident they are
that they can “exercise 3 times a week for the next 3 months’
under potentially difficult circumstances, including bad weather,
lack of interest, schedule conflicts, etc. The 10-point response
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scale ranges from O (not at al confident) to 100 (highly
confident) in 10-point intervals, a higher score=higher
self-efficacy to overcome barriersto regular exercise. Thisscale
was developed by McAuley [34] (a=.94).

Exercise Planning

A 2-item scale that asks respondents if they have a good plan
for “incorporating regular physical activity into my life” and
“overcoming barriers to getting regular physical activity.” The
response scale for both itemsisa4-point scale, ranging from 1
(not at al true) to 4 (definitely true); a higher score=a better
plan (item r=.85).

Beliefs About Aging

A 5-item scale that asks respondents about the extent to which
they hold healthful attitudes about aging. Typical itemsinclude
“The slowing of metabolism with age makes it even more
important to eat a nutritious and well-balanced diet” and
“Physical and mental decline is a natural part of the aging
process, and you really can't slow it down” (reverse scored).
The response scale is a 5-point Likert scale ranging from 1
(strongly agree) to 5 (strongly disagree); a higher score=more
healthful attitudes (a=.54).

Tobacco Use

Seven items assessed whether or not participants currently
smoke cigarettes or use other tobacco products and, if so, how
often they use tobacco products, how many times they use
tobacco products per day, and whether and how often they have
tried to quit using tobacco products.

Analysis

Multiplelinear regression modelswere used to examine program
effects on outcome measures and potential moderators and to
assess dosage effects. Anayses followed intent-to-treat
principles, including all participants irrespective of protocol
violations and events arising postrandomization [35]. Multiple
imputation was conducted for missing values of all outcome
variables, using the Markov chain Monte Carlo (MCMC)
approach for nonmonotone missing data [36]. Data used to
construct the imputation models were baseline demographic
characteristics (eg, gender, age, race, marital status, education,
and income), group assignment, and the corresponding baseline
(pretest) measures. The program effects, moderators, and
program dosage effectsfor each outcome variable were assessed
using multiple linear regression models after adjusting for the
baseline measure, based on 20 imputed datasets. SAS Version
9.3 (SAS Inc, Cary, NC, USA) was used to perform each
analysis (PROC GLM for theregression models; PROC M1 and
MIANALY ZE for the multiple imputation).

On most outcome variables, missing data occurred for lessthan
15% of the participants. Beforeimputing missing data, attrition
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analysiswas conducted to examine potential baseline differences
between those who completed the follow-up survey and those
who did not. These data indicated that responders and
nonresponders were virtually equivalent. Chi-square tests
showed no differences between the groups on age (P=.41),
gender (P=.99), race (P=.38), income (P=.80), or education
(P=.33). Comparing the 2 groups on all outcome measures at
baseline revealed significant differences only on symptoms of
distress (t,6e=2.53, P=.01).

To assess program effects on program users, we al so conducted
the same multiple linear regression analysis on a nonimputed
dataset that excluded participants in the program group who
used the program for less than 30 minutes.

Results

Program Effectson Primary Outcomes

Table 2 presents the results of the estimated adjusted posttest
difference between program and control groups on measures of
diet, exercise, and stress.

The program group showed significantly greater improvement
than the control group on diet behavioral change self-efficacy
(estimated adjusted difference [A]=0.16, P=.048), and planning
healthy eating (A=0.17, P=.03). The estimated adjusted
difference [A] for eating practices was 0.07 and was not
statistically significant (P=.08). In addition, there were no
differences between the groups on diet outcome expectancies,
healthy diet barriers, or overeating self-efficacy.

Compared to the control group, the program group showed
significant improvement on mild exercise (A=1.03, P=.01). Two
other measures of physical activity, including moderate exercise
(A=0.47, P=.06) and overall exercise (A=4.98, P=.08) were not
statistically significant. In addition, there were no differences
between the groups on strenuous exercise, sweat, exercise
sel f-efficacy, exercise planning, or self-efficacy for overcoming
barriers to exercise. There were no differences between the
program and control groups on symptoms of distress or coping
with stress. However, the lack of a significant effect may be
partly afunction of aceiling effect (ie, the mean scores of both
groups at baseline indicated that participants in both groups
entered the test period with relatively low stressand high coping
skills).

Therewas also no significant difference between the groups on
the measure of aging beliefs, although the trend was in the
desired direction (A=0.09, P=.16).

There wereinsufficient numbers of smokersin the sample (only
16 smokers in the sample) to perform meaningful analysis on
the measure of tobacco use.
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Measure
A (95% Cl)

Estimated adjusted posttest difference between program and control groups,? P

Eating and diet measures

Diet outcome expectancies
Healthy diet barriers
Eating practices
Overeating self-efficacy
Diet change self-efficacy
Planning health eating
BMI

Exercise measures

Godin: Strenuous exercise

Godin: Moderate exercise

Godin: Mild exercise

Godin: Sweat

Godin: Overall exercise

Overcoming barriers to exercise self-efficacy
Exercise self-efficacy

Exercise planning

Stressand coping measures

Symptoms of distress

0.02 (-0.08, 0.11)
0.05 (-0.07, 0.17)
0.07 (-0.01, 0.15)
-0.14 (-0.36, 0.08)
0.16 (0.00, 0.31)
0.17 (0.01, 0.33)
0.07 (-0.28, 0.41)

-0.11 (-0.52, 0.31)
0.47 (-0.01, 0.96)
1.03 (0.26, 1.81)
0.08 (-0.08, 0.23)
4.98 (-0.66, 10.62)
~0.68 (-5.55, 4.19)
0.08 (-0.02, 0.18)
0.11 (-0.04, 0.25)

0.05 (~0.03, 0.13)

Coping with stress
Aging beliefs

0.01 (-0.05, 0.07)
0.09 (~0.03, 0.21)

.76
43
.08
.20
.05
.03
.70

.61
.06
.01
.33
.08
.78
A1
15

22
.79
.16

@ Adjusted for the corresponding baseline measure.

Moderator and Dosage Effects

To determine whether program effects on outcomes differed
based on participant demographics, potential moderators were
tested on all outcome measures. Regression analysis models
included main effects aswell asinteractions between condition
and potential moderators. No significant interactions were
detected between condition and gender, age, marital status,
education, or income on any outcome measures.

Data on number of log-ins, minutesin the program, and number
of pages accessed were recorded for all members of the program
group. An examination of the distribution of number of minutes
inthe program revealed one major outlier of 2053 minutes (more
than 34 hours), more than twice as long as the next longest
number of minutes. In calculating average use of the program,
this participant’s data were removed. The mean number of
log-ins was 4.33 (SD 4.28, range 0-28), the mean number of
minutes in the program was 102.26 minutes (SD 148.32), and
the mean number of pages viewed was 11.04 (SD 20.08, range
0-120). An examination of the distribution of number of minutes
in the program showed that 39 participants spent less than 30
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minutes in the program and 99 participants—71.7% (99/138)
of the program group—spent 30 minutes or morein the program.

To assess the extent to which the program effects were
associated with the extent to which participantsin the program
group accessed the HealthyPast50 program, multiple regression
analysis was conducted to examine the dosage effect of the
number of pages viewed on all outcome variables. There were
no significant associations between the number of pages viewed
and any of the outcome measures after adjusting for the
corresponding baseline measures.

Program Effects Excluding Nonusers

A total of 39 participants in the program group who used the
program less than 30 total minutes were defined as * nonusers”
and were excluded from the analysis of the nonimputed dataset.
The results of these analyses are shown in Table 3. In addition
to the significant program effects found in the analysis of the
imputed dataset, the analysis of the nonimputed dataset with
nonusers excluded found significant program effects on eating
practices (A=0.09, P=.03), exercise self-efficacy (A=0.12,
P=.03), exercise planning (A=0.18, P=.03), and aging beliefs
(A=0.17, P=.01).
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Table 3. Adjusted program effects on dependent measures comparing legitimate program users and controls using complete cases.
Measure Estimated adjusted posttest difference between program and control groups?® P
A (95% Cl)

Eating and diet measures
Diet outcome expectancies -0.01 (-0.12, 0.10) .85
Healthy diet barriers 0.06 (-0.06, 0.19) .34
Eating practices 0.09 (0.01, 0.18) 03
Overeating self-efficacy —0.24 (-0.47,-0.00) .047
Diet change self-efficacy 0.18(0.02, 0.34) .03
Planning health eating 0.24 (0.07, 0.40) .01
BMI 0.05 (-0.38, 0.47) .83

Exercise measures
Godin: Strenuous exercise —0.09 (-0.55, 0.36) .68
Godin: Moderate exercise 0.35(-0.23,0.92) .24
Godin: Mild exercise 0.78 (-0.06, 1.62) .07
Godin: Sweat 0.03(-0.14, 0.21) .70
Godin: Overall exercise 3.43(-2.76, 9.63) .28
Overcoming barriersto exercise self-efficacy = —0.44 (-5.62, 4.74) .87
Exercise self-efficacy 0.12(0.01, 0.23) .03
Exercise planning 0.18 (0.02,0.34) .03

Stressand coping measures
Symptoms of distress 0.08 (-0.01, 0.17) .09
Coping with stress 0.03 (-0.04, 0.10) 37
Aging beliefs 0.17 (0.04, 0.29) 01

@ Adjusted for the corresponding baseline measure.

Moderator and Dosage Effects Excluding Nonusers

Moderator analysis of the dataset excluding the 39 nonusers
found that the interactions between gender x condition on overall
exercise (P=.05), moderate exercise (P=.06), and sweat (P=.07)
did not meet the threshold for statistical significance. Asshown
in Table 4, analysisof program effects conducted separately for
males and femal esfound significant program effectsfor females
on overall exercise and exercise planning, with improvements

http://www.jmir.org/2015/3/e82/

RenderX

in the desired direction on moderate exercise. No program
effects were found for males on any of the exercise outcomes.

Multiple regression analysis of the dataset excluding the 39
nonusers examined the dosage effect of the number of pages
viewed on all outcome variables. There were no significant
associations between the number of pages viewed and any of
the outcome measures after adjusting for the corresponding
baseline measures.
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Table 4. Adjusted program effects on dependent measures comparing program users and controls by gender.

Measure
A (95% Cl)

Estimated adjusted posttest difference between program and control groups,? P

Godin: Moder ate exercise

Male -0.06 (-0.71, 0.59)

Female 1.09 (-0.08, 2.27)
Godin: Sweat

Male 0.15 (-0.06, 0.37)

Female -0.20 (-0.53,0.12)

Godin: Overall exercise
Male -0.37 (-7.63, 6.88)
Female 12.47 (1.20, 23.75)
Exercise planning
Male 0.09 (-0.10, 0.27)

Female 0.39 (0.06, 0.72)

.85
.07

.16
22

.92
.03

.02

8 Adjusted for the corresponding baseline measure.

Discussion

Principal Results

This randomized trial showed that working adults 50 years of
age and older who were given access to the Web-based
HealthyPast50 program showed significantly greater
improvement on key health constructs over the 3-month test
period than their 50 years and older counterparts in the control
group. Inthe analysis of theimputed dataset, the program group
performed significantly better than the control group on diet
behavioral change self-efficacy, planning healthy eating, and
mild exercise, and there wereimprovements on eating practices,
moderate exercise, and overall exercise, but these did not meet
the threshold for statistical significance. Moderator and dosage
analyses of theimputed dataset found no significant effects. No
significant program effects were found on measures of stress
or aging beliefs. These results, following intent-to-treat
principles and using multiple imputation methods, stand asthe
primary findings of the study and suggest that the HealthyPast50
program moved participantstoward heal thier esting and exercise
practices. However, the program effects were sel ective because
several measures of dietary and exercise outcomes showed no
effects on participants.

Although the results from the analysis of the imputed dataset
providethe most rigorous assessment of the program'’s efficacy,
the results of the parallel analyses on the nonimputed dataset
comparing program users with controls are also of interest
because they indicate the extent to which HealthyPast50
improved health outcomes for the participants defined as
program users—those who used the program for at least 30
minutes (71.7% of the program group). These analyses found
additional significant program effects on eating practices,
exercise self-efficacy, exercise planning, and aging beliefs.
Interestingly, the moderator analyses of the program users
showed that program effects on exercise were due largely to
significant effects on females, not males. An examination of

http://www.jmir.org/2015/3/e82/

pretest and posttest means on exercise measures indicated that
the lack of significant improvement by men was at least partly
afunction of the fact that men in both groups exhibited much
higher mean scores than women at pretest.

The effects of the Web-based program on multiple measures of
diet and exercise are noteworthy, as numerous studies have
shown diet and exercise to be critical behaviors—perhaps the
most critical health behaviors after tobacco use—in reducing
the risk of major disease. By reducing, at least partially, these
key modifiable health risksin midlife, working adults might be
laying the foundation for improved health and vitality in their
later years.

These findings indicate not only that HealthyPast50 was more
effective for women than men, but also that the program did
not attract as many men with poor health practices as desired.
There has not been a focus on these particular types of gender
effectsin studies of Web-based interventions, however, therole
of self-efficacy and planning among women in this trial has a
parallel in a study of an in-person exercise intervention tested
in Finland [37]. At 3 months, increases in self-efficacy and
planning among women predicted increases in their exercise
levels; the same relationship was not found among men.

Comparison With Prior Work

These findings are congruent in many respects to the findings
from previous research by our group, as well as research by
other investigatorswho have tested the efficacy of | nternet-based
interventions on the health practices of working adults. Across
several randomized trials testing the effects of multiple
Web-based programs on working adults, our group found
significant effects on outcome measures of diet, exercise, stress,
and substance misuse [17,19,22,38]. However, in thistrial the
effects of the HealthyPast50 program on dietary and exercise
practices were somewhat stronger than in the trials of the other
programs. Thetest of the Web-based Health Connection found
effects on working adults' dietary attitudes, but not on dietary
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or exercise practices [22]. Similarly, the Web-based Heart
Healthy program exhibited significant impact on dietary attitudes
and self-efficacy, aswell as exercise practices, but did not show
significant effects on eating practices [38]. Like Health
Connection and Heart Healthy, HealthyPast50 is a multimedia,
interactive, theory-based program. The main difference between
HealthyPast50 and the previoudly tested programs is that the
content of HealthyPast50 wastailored to—and tested on—adults
aged 50 years and older.

To our knowledge, HealthyPast50 is the only Web-based
program specifically developed for—and shown to be
efficacious with—working adults 50 years and older. A recent
trial of a health promotion program targeting older workers
compared an in-person program with a publicly available
Web-based program and found significant effects on both diet
and exercise behaviorsfor thein-person program, but few effects
for the Web-based program [11].

Tests by other investigators of Web-based programs only have
found results similar to the findings of our trial. The multiple
trials of the Web-based Guide to Health (GTH) program have
generated impressive results on both dietary and physical
behaviors[15,18]. Of particular interest istheir study involving
older participants (mean age 58.11 years) which showed
significant effects on physical activity and related social
cognitive theory (SCT) constructs [18]. In a causal model,
increasesin self-efficacy at 7 months led to increased physical
activity levels at 16 months, suggesting that interventions with
aging adultsthat boost self-efficacy might hel p older participants
become more active [18]. These findings would seem to lend
support to the view that the self-efficacy increases found in the
HealthyPast50 trial contributed to the improvementsin dietary
and exercise practices, especialy among women. In their
randomized trial of a Web-based program to promote physical
activity, Carr and associates found that compared to a control

Acknowledgments

Cook et al

group with access to public health websites (eg, Mayo Clinic),
the program group showed significant improvements at 3 months
in total minutes of physical exercise, although the difference
was not maintained at 6 months [16]. They attributed the
promising effects of their Web-based program to the use of
formative focus groups and the targeted inclusion of SCT
elements in their program. With their Web-based programs
rooted in SCT and containing multiple elements designed to
increase self-efficacy and related SCT constructs, these
interventions appear to be quite similar to HealthyPast50—and
have generated similar positive effects on health behaviors.

Limitations

Although this study exhibited a variety of strengths, including
arandomized design, an advanced Web-based intervention, and
asizableworkforce sample, the study also has some limitations,
including—and perhaps foremost—the single posttest at 3
months and the reliance on self-reports. In addition, because of
the particular characteristics of the sample, caution should be
exercised in generalizing these findings to workforces that are
less educated and affluent. Future research on HealthyPast50
should include longer-term posttests and the inclusion of
physica measures (eg, weight, waist circumference, blood
pressure). The program also needsto be tested on older workers
who are less educated and affluent.

Conclusions

The Web-based HealthyPast50 program demonstrated significant
effects on the short-term dietary and exercise practices of older
working adults. Significant program effects were not shown on
measures of stress or aging beliefs, and there were too few
smokersin the sample for meaningful analysis. Analysis of the
nonimputed data indicated that program effects were stronger
for women than men. The findings suggest that a multimedia
Web-based program could be apromising vehiclefor delivering
health promotion material to older working adults.
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Abstract

Background: Previous studies have shown an unmet need in the treatment of eating disorders. In the last decade, interest in
technology-based interventions (TBIs) (including computer- and I nternet-based interventions [ CBIs] or mobile interventions) for
providing evidence-based therapies to individuals with different mental disorders has increased.

Objective: The aim of this review was to systematically evaluate the potential of TBIsin the field of eating disorders, namely
for anorexia nervosa (AN) and bulimia nervosa (BN), for both prevention and treatment, and also for carers of eating disorder
patients.

Methods: A systematic literature search was conducted using Medline and PsycINFO. Bibliographies of retrieved articles were
also reviewed without date or study type restrictions.

Results: Forty studies resulting in 45 publications reporting outcomes fulfilled the inclusion criteria: 22 randomized controlled
trials, 2 controlled studies, and 16 uncontrolled studies. In total, 3646 patients were included. Overall, the studies provided
evidence for the efficacy of guided CBIs, especially for BN patients and for compliant patients. Furthermore, videoconferencing
also appeared to be a promising approach. Evaluation results of Internet-based prevention of eating disorders and I nternet-based
programs for carers of eating disorder patients were also encouraging. Finally, there was preliminary evidence for the efficacy
of mobile interventions.

Conclusions: TBIs may be an additional way of delivering evidence-based treatments to eating disorder patients and their use
islikely to increase in the near future. TBIs may also be considered for the prevention of eating disorders and to support carers
of eating disorder patients. Areas of future research and important i ssues such as guidance, therapeutic alliance, and dissemination
are discussed.

(J Med Internet Res 2015;17(3):€85) doi:10.2196/jmir.3554
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anorexia nervosa; bulimia nervosa; computers; Internet; mobile phone; cognitive behavioral therapy
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Introduction

Up to 4% of women have an eating disorder. Among these, the
prevalence is 0.3% for anorexia nervosa (AN), 1% for bulimia
nervosa (BN) [1], and 2.4% for eating disorders not otherwise
specified (EDNOS) [2]. Evidence-based psychological
treatments exist, especially for BN, and include cognitive
behavioral therapy (CBT) and interpersonal psychotherapy (1PT)
[3,4]. For adolescent AN patients, the efficacy of family-based
therapy is apparent [3,4]. For adult AN patients, acombination
of renourishment and psychotherapy (eg, CBT, supportive
clinical management, IPT) isrecommended [5]. Thereisstill a
lack of evidence-based treatments for adults with AN due to
several methodological difficulties. These include difficulties
in recruiting participants because this disorder isrelatively rare,
lack of treatment acceptance, and high dropout rates [6,7].

However, previous international studies on health service
utilization showed an unmet need for the treatment of patients
with eating disorders [8,9]. In their meta-analysis, Hart et a
[10] found that only one-quarter of sufferers sought eating
disorder-specific treatment. Barriers discussed were shame or
fear of stigmatization when going to a psychologist. On the
other hand, the number of patients seeking treatment in primary
care has increased, especially for BN [11]. However, patients
often undergo psychological treatment only after aconsiderable
delay, and waiting times for treatment are long [12,13].
Furthermore, thereisagenera shortage of specialized therapists
and institutions, and evidence-based methods are still lacking
in routine care.

Technology-based interventions (TBIs), including computer-
and I nternet-based interventions (CBIs) or mobileinterventions,
have the potential to reach patients who otherwise may not
access help, and to improve health care for those seeking
treatment, by offering immediate access to evidence-based
interventions. Communication in TBIs can take place
synchronoudly (in real time, such as videoconference, chat
rooms) or asynchronously (with lag between contacts, such as
email, postings on a secure website, text messaging).
Information exchange can occur in writing, just via audio
communication, or via webcam. TBIs can be administered
individually or in the form of group sessions.

There are various forms of CBIs that differ especialy in their
amount of therapist guidance:

1. Computer- and Internet-based unguided self-hel p (unguided
CBI): this is the generic term for self-help interventions
primarily delivered via computer technology. Available
programs mainly are multimediabased as well as
CBT-based. Patients can either use them at home or in
health care settings, and programs are designed to enable
patients to work through them independent of atherapist.

2. Computer- and Internet-based guided self-help (guided
CBI): support can range from screening for suitability,
offering technical advice, monitoring progress and outcome,
aswell as giving emotional support [14].

3. Internet-based therapist-delivered treatments: these can be
delivered using different methods, such as email, chat
rooms, and videoconferencing, either  solely
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Internet-delivered or in combination with face-to-face
treatment. Patients have regular contact with a therapist.

In the last decade, a large body of empirical evidence on the
acceptance and efficacy of CBIls for mental disorders has
accrued. Several reviews and meta-analyses have shown that
new CBI treatmentshold great promisein thetreatment of adults
with depression [15-17], depression and anxiety [18,19], anxiety
[20,21], obsessive-compulsive disorder [22,23], and traumatic
stress [24,25]. CBIs have been found to be as effective as
face-to-face treatment [18,26]. However, guided interventions
seem to result in better outcomes|[16,27]. Preliminary evidence
also suggests that CBIs may be acceptable and effective
interventions for adolescents with mental disorders[28,29].

Researchers in the field of eating disorders thus hypothesized
that CBIs may also be a suitable approach for eating disorder
patients because they mostly come from an age group that uses
the computer and Internet frequently. Thisled them to examine
theefficacy of CBIsfor eating disorders. There are somereviews
of CBIsinthefield of eating disorders, but most of them do not
meet the requirements of a systematic review [30-33]. To date,
Myers et a [34] and Marks et al [35] have presented
comprehensive reviews on the use of new technologies in the
treatment of a broad range of eating disorders, but only 5 and
8 studies covered CBIs for AN and BN, respectively. The
authors concluded that CBls are a promising approach for the
treatment of eating disorders that should be further explored.
Délemeyer et a [36] presented a meta-analysis including 8
controlled studies evaluating CBIsfor eating disorders. Guided
programs seemed promising as medium to large effect sizes
werefound. Bauer and Moessner [37] recently provided areview
of randomized controlled trials (RCTs) of CBIs for eating
disordersand very useful recommendationsfor future research.

Nevertheless, these reviews do not give a comprehensive
overview of the current state of research in thefield of TBIsin
eating disordersdueto their strict inclusion criteria. Our review
addresses the fast changesin new technol ogies and the growing
knowledge and increasing research on TBIsfor eating disorders.
The aims of this review are to provide a comprehensive and
up-to-date picture on the developing field of TBIs for eating
disorders, specifically for AN and BN, by including a wider
range of study designsbeyond just RCTsand to discussthe past
findings with respect to both acceptance and efficacy of TBIs
for AN and BN. We primarily focus on treatment studies, but
also consider studies on prevention, motivation, and on programs
for carers of eating disorder patients.

Methods

We searched Medline and PsycINFO for eligible studies
published in English, German, Spanish, Italian, French, or
Portuguese up to August 2014. Thefollowing search termswere
used: “(online* OR internet* OR e-mail* OR email* OR web*
OR media* OR computer* OR remote* OR tele* OR virtual*
OR “interactive voice response*” OR www OR cd* OR dvd*
OR flopp* OR audio* OR video* OR palmtop* OR e-health*
OR technolog* OR chat* OR software* OR text-messag* OR
“text messag*” OR “internet telephony” OR mobile* OR
sms¥).” Search terms were combined with (anore* OR bulimi*
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OR ‘“eating disorder*” OR “disordered eating” OR
body*image*) intitle. The bibliographies of theretrieved articles
were also reviewed.

We included studies that met the following inclusion criteria:
(1) technology-based psychological interventions, (2) samples
including patients with AN and/or BN according to Diagnostic
and Satistical Manual of Mental Disorders (DSM) criteria
(DSM-111 and DSM-1V), persons with body image concerns and
disordered eating, subthreshold eating disorders, or carers of
patients with eating disorders, (3) outcome data at
postintervention and/or follow-up, and (4) sample size of at
least N=10 per study. There were no age or study type
restrictions.

We excluded psychoeducational or counseling interventions,
online support groups, as well as computer-based assessment
methods. Studies that evaluated virtual reality in the treatment
of body image were excluded because a review covering this
issue has already been published [38]. Furthermore, studies
eval uating the Internet-based prevention program StudentBodies
for eating disorders that generally met our inclusion criteria
were excluded because a meta-analysis was recently published
on this program [39,40]. Unpublished studies, abstracts of
conference proceedings, dissertations, and |etters were al so not
considered. No attempt was made to include unpublished data.
Furthermore, inclusion and exclusion criteria were not

http://www.jmir.org/2015/3/e85/
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documented in any official review protocol. Figure 1 showsthe
flowchart of the literature search.

We separately evaluated CBIs and mobile interventions and
divided studies on CBIs into the following main categories:
treatment of AN and BN, relapse prevention, prevention and
early intervention, and interventions for carers. Treatment
studies for AN and BN were further classified into 3 sections
depending on the amount of guidance patientsreceived. Studies
in which patients were offered no contact with a coach or a
clinician were classified as “ unguided CBIs.” Studiesin which
patients worked through programs delivered on a computer or
viatheInternet and were guided by email, phone, or face-to-face
contact with a professional were classified as “guided CBIs.”
Finaly, interventions that were completely delivered by a
therapist (email therapy, videoconferencing) were classified as
“therapist-delivered treatments.”

For studies for which relevant data were available, effect sizes
(standardized mean differences) were calculated using pooled
standard deviations [41]. Within-group effect sizes were
calculated between baseline and the following assessment time
points (posttreatment, follow-up 1, follow-up 2). Between-group
effect sizesat posttreatment and/or follow-up 1 and/or follow-up
2 were calculated. Furthermore, lower and upper confidence
intervals for effect sizes were determined [41].
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Figurel. PRISMA flow chart of the literature search.
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Results

A total of 40 studies met the inclusion criteria with outcomes
reported in 45 publications. There were 41 publications on the
results of the efficacy of CBIs (n=21 CBlsfor the treatment of
eating disorder patients; n=12 programsfor prevention and early
intervention of eating disorders; n=3 relapse prevention
interventions; n=5 interventions for carers of eating disorder
patients). A total of 4 publications reported on the efficacy of
mobile interventions. Overall, 5 studies focused on AN and 5
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Full-text articles
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(n=44)

n = 19 reviews/over-
views/theoretical papers
n =9 primary outcome
reported elsewhere

n =6 case reports

n = 4 ongoing trials, only
study concept reported
n = 3 qualitative data

n = 1 no technology-
based intervention

n =1 majority of EDNOS
patients

n = 1 letter to the editor

studies on adolescents. 22 of the included studies were RCTS,
2 were controlled studies, and the remaining 16 studies were
uncontrolled. The studies included a total number of 3646
patients.

Table 1 providesashort overview of included studies. Thetable
in Multimedia Appendix 1 gives detailed information on study
characteristics, outcomes, and weaknesses of studies.

In the following, results in effect sizes are given for all
categories. Effect sizes and confidence intervals for all
individual studies are presented in Multimedia Appendix 2.
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Table 1. Studies evaluating efficacy of computer- and Internet-based treatment for eating disorders.?
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Study

Diagnosis (N)

Intervention (study design)

Duration

Computer- and | nternet-based unguided self-help

Bara-Carril et a [42]

Schmidt et al [43]

Johnston et al [44]

BN (N=46); EDNOS
(N=11)

BN (N=60); EDNOS
(N=37)
BN (N=94)

Computer- and I nternet-based guided self-help

Huon [45]
Graham & Walton [46]

Murray et al [47]
Sanchez-Ortiz et al [48]
Ljotsson et al [49]
Carrard et a [50]

Liwowsky et al [51]
Nevonen et al [52]

Fernandez-Aranda et a [53]
Carrard et al [54]

Wagner et al [55]
Leung et a [56]

Pretorius et al [57]

Wagner et a [58]

BN (N=120)
BN (N=13); BED (N=27)

BN (N=77); EDNOS (N=5)

BN (N=39); EDNOS
(N=37)

BN (N=33); BED (N=36)
BN (N=41); EDNOS (N=4)
BN (N=22)

BN (N=27); EDNOS
(N=11)

BN (N=62)

BN (N=100); EDNOS
(N=27)

BN/EDNOS (N=155)
ED (N=280)

BN (N=61); EDNOS
(N=40)

BN (N=126)

I nternet-based ther apist-delivered treatment

Robinson & Serfaty [59]

Robinson & Serfaty [60]

Simpson et a [61]

Mitchell et al [62]

Internet-based relapse prevention
Fichter et al [63,64]
Mezei et a [65]

BN (N=18); BED (N=4);
EDNOS (N=1)

BN (N=51); EDNOS
(N=20); BED (N=26)

BN (N=5); AN (N=1); ED-
NOS (N=6)

BN (N=71); EDNOS
(N=57)

AN (N=258)

BN/EDNOS/BED/ AN
binge-purging subtype
(N=39)

Body image and eating disorder prevention

Gollings & Paxton [66]

Paxton et al [67]

Body dissatisfaction and
disordered eating (N=40)

Body dissatisfaction
(N=116)

“Overcoming Bulimia” (uncontrolled

study)
“Overcoming Bulimia” (RCT)

Therapeutic writing (RCT)

Internet-guided self-help (RCT)

“Overcoming Bulimia’ (uncontrolled

study)

“Overcoming Bulimia’ (controlled

study)
“Overcoming Bulimia’ (RCT)

“Overcoming Binge eating” (RCT)
“SALUT” (uncontrolled study)
“SALUT” (uncontrolled study)
“SALUT” (uncontrolled study)

“SALUT” (controlled study)
“SALUT” (uncontrolled study)

“SALUT” (RCT)

“SMART EATING” (uncontrolled
study)

“Overcoming Bulimia’ (adapted for
adolescents) (uncontrolled study)

“SALUT” (RCT)

Email therapy (uncontrolled study)

Email therapy (RCT)

Videoconferencing (uncontrolled study)

Videoconferencing (RCT)

“VIA” (RCT)
“EDINA” (uncontrolled study)

“Set Your Body Free” (pilot RCT)

“Set Your Body Free’ (RCT)

8 modules, 4-8 weeks

8 modules, 8-12 weeks

20 min on 3 consecutive days

7 modules, 7 months
8 modules, 8 weeks

8 modules, 8-12 weeks

8 modules, 8-12 weeks; continued
access to the online sessions for 24
weeks

6 modules, 12 weeks
7 modules, 4 months
7 modules, 4 months

7 modules, 6 months

7 modules, 4 months

7 modules, 4 months

7 modules, 4-7 months

6 components, open-end

8 modules, 3 months

7 modules, 4-7 months

3 months

3 months

12-20 sessions CBT; 6-8 optional
sessions of nutritional education

20 sessions manual-based CBT, 4
months

9 modules, 9 months

Onlineplatform for peer support and
professional consultation, 4 months

Weekly 90-min group sessions, 8
weeks

Weekly 90-min group sessions, 8
weeks
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Study Diagnosis (N) Intervention (study design) Duration
Stice et al [68,69] Body dissatisfaction “eBody Project” (RCT) 6 modules, 3 weeks
(N=107)
Serdar et a [70] Weight and/or shape con- Dissonance-based eating disorder preven- 3 sessions for 60 min
cerns (N=333) tion (RCT)
Zabinski et al [71] Weight concerns (N=60) Synchronous Internet relay chat (RCT)  Weekly (60 min) chat discussions,
8 weeks
Ohlmer et a [72] Women at risk for AN “Student Bodies” for AN (uncontrolled  Weekly sessions for 45-90 min, 10
(N=36) study) weeks
Heinicke et a [73] Body image or eating prob- “My Body, My Life” (RCT) Weekly 90-min online sessions, 6
lems (N=73) weeks
Eating disorder symptoms/subthreshold eating disorders
Ruwaard et al [74] Bulimic symptoms (N=105) Online cognitive behavioral treatment 20 weeks
(RCT)
Jacobi et a [75] Subthreshold eating disorder  “ Student Bodies+” (RCT) 8 sessions, 8 weeks

(N=29); Eating disorder
symptoms at lower level

(N=97)
Motivation
Hotzel et a [76] Eating disorder symptoms ~ “ESS-KIMO* (RCT) Weekly online sessions for 45 min,
(N=212) 6 weeks
Leung et a [77] Eating disorder (N=185) “SMART EATING” (uncontrolled 11 worksheets to enhance individu-
study) als' motivation to change their eat-
ing behaviors
Carers/Parents
Binford Hopf et al [78] Parents of AN patients Internet-based chat support groups (un- 15 weekly online chat sessions for
(N=13) controlled study) 90 min
Grover et a [79] Carers of AN patients “Overcoming anorexiaonling” (uncon- 9 workbooks (encouraged 1 per
(N=27) trolled study) week, but no formal time limit)
Grover et a [80] Carers of AN patients “Overcoming anorexiaonlineg’” (RCT) 8 modules, 4 months
(N=64)
Hoyleet a [81] Carers of AN patients “Overcoming anorexiaonling’ (RCT) 7 modules + 2 additional modules
(N=37) for carers, 7 weeks
Bruning Brown et al [82] Parents of sophomorestu-  “Student Bodies’ parent intervention Unstructured web-based interven-
dents (N=69) (RCT) tion, 4 weeks
M obile/SM S text messaging
Shapiro et a [83] BN (N=31) Text messaging (uncontrolled study) Daily, 24 weeks + 12 CBT face-to-
face group sessions for 90 min
Robinson et al [84] BN (N=21) SMS-based intervention (uncontrolled ~ Weekly, 6 months
study)
Bauer et a [85] BN (N=97); EDNOS Aftercare SM S-based intervention (RCT)  Weekly symptom report via SMS
(N=68) text message, 16 weeks
Cardi et a [86] AN (N=18); BN (N=13) Mp4 player or iPod with 10 video clips  Between 3 to 20 min each, work-
(vodcasts) (uncontrolled study) book and daily monitoring forms, 3

weeks

@ AN: anorexia nervosa, BN: bulimia nervosa, BED: bi nge eating disorder, CBT: cognitive behaviora therapy, ED: eating disorder, EDNOS: eating
disorders not otherwise specified, RCT: randomized controlled trial, SMS: short message service.
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Efficacy of Computer- and I nternet-Based
Interventionsfor Anorexia Nervosa and Bulimia
Nervosa

Efficacy of Computer- and I nternet-Based Unguided
Sdf-Help

A total of 3 studieswith 248 participantsincluding 94 controls
examined unguided CBIsfor eating disorders. Unguided CBIs
showed no effects [44] using the total score of the Bulimic
Investigatory Test-Edinburgh (BITE) [87] or small effects [43]
using the global score of the Eating Disorder Examination (EDE)
[88] from pre- to posttreatment. Furthermore, from
preintervention to follow-up, small (EDE global, BITE total)
[43,44] to medium effects (binging, vomiting) [42] werefound.
There was no difference between control groups and unguided
CBIs for EDE global or BITE total at posttreatment [43,44],
and no (BITE total) [44] to smal (EDE globa) [43]
between-group effects at follow-up.

Efficacy of Computer- and | nternet-Based Guided
Self-Help

Adults

Five different treatment approaches of guided CBIs for adults
were evaluated in 12 publications. A total of 1051 participants
were included. Overall, 135 participants were controls without
intervention or on thewaiting list; 56 were active controls. From
pre- to posttreatment, small to large effects were found for
binging and vomiting (in 1 study there was no effect for
vomiting) and medium to large effects for eating disorder
psychopathology (total score of the Eating Disorder Inventory-2
[EDI-2] [89], EDE global) [48,49,54-56]. From baseline to
follow-up treatment, small to large effects were reported for
binging, small to medium effects for vomiting, and medium to
large effects for eating disorder psychopathology (EDI-2 total,
EDE global) [48,52,55]. No differences were observed between
guided bibliotherapy and guided CBI both at postintervention
and at follow-up (binging, vomiting, EDI-2 total) [55].
Compared to awaiting list control, there were small to medium
effectsfor binging, small to large effects for vomiting, and large
effectsfor EDE global at postintervention [48,49]. At follow-up,
there was a medium effect for binging, a small effect for
vomiting, and alarge effect on EDE global [48].

Adolescents

There was 1 study evaluating the potential of CBIs for
adolescents and 1 additional study that provided data in the
context of a subgroup analysis comparing adult and adolescent
patients receiving guided CBI. A total of 130 adolescents were
included. Adolescents were compared to 97 adultsin 1 study.
Small to large effects for binging and medium to large effects
for vomiting at both postintervention and follow-up were found
[57,58]. Furthermore, medium (EDI-2 total) to large (EDE
global) effects were reported for eating disorder
psychopathology [57,58] at both time points. In comparison to
adults, small effects for binging and vomiting, but no effect for
EDI-2 total was shown at postintervention. At follow-up, 1
study showed a medium effect for binging as well as small
effects for vomiting and for EDI-2 total [58].
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Efficacy of Internet-Based Therapist-Delivered
Treatments

Four studies examined the efficacy of Internet-based
therapist-delivered treatments: 2 investigated email therapy and
2 evaluated videoconferencing. In al, 260 patients participated
of whom 27 were waiting list patients and 100 active controls.
I nternet-based therapist-delivered treatmentsresulted in medium
(BITE severity and symptoms, binging) [59, 62] to large effects
(vomiting) [62] from pre- to posttreatment. From preintervention
to follow-up, medium (binging) to large (vomiting) effectswere
found [62]. In comparison to aface-to-face treatment, the effects
for binging and vomiting at posttreatment were small and zero
at follow-up [62].

Efficacy of I nternet-Based Relapse Prevention

There were 2 studies investigating the efficacy of 2 different
Internet-based relapse prevention programs. 1 uncontrolled
study and 1 RCT. A total of 297 patients were included, of
whom 130 were treatment as usual (TAU) patients. Overall,
small short-term effectswere found for the global of the Eating
Disorder Examination Questionnaire (EDE-Q) [90] and EDI-2
total [63,65]. No effectswere shown for binging, vomiting, and
body massindex (BMI) [63,65]. At follow-up, there was asmall
effect for BMI for completers. Compared to TAU, small effects
were found for BMI (completers) and EDI-2 total at
postintervention.

Efficacy of Internet-Based Treatmentsfor Prevention
and Early Intervention

Efficacy of Internet-Based Treatments for Body | mage
Problems and Prevention of Eating Disorders

Adults

Seven studiesinvestigated the efficacy of CBlsinthe prevention
of eating disorders. A total of 775 participants were included:
224 were controls without intervention, 207 active controls
(face-to-face), and 49 video or brochure controls. Primary
outcomes studied were mainly body dissatisfaction and
thin-ideal internalization. From pre- to postintervention, there
were small to medium effects for the Ideal-Body Stereotype
Scale-Revised (IBSS-R [91]) [70], as well as medium to large
effects for the Body Shape Questionnaire (BSQ [92]) [66,67]
and for EDE-Q global [71,72]. From baseline to follow-up,
there was a small effect for IBSS-R [69], medium effects for
EDE-Q global [71,72], and a large effect for BSQ [66]. At
posttreatment, no (IBSS-R) [68,70] to small effects (BSQ)
[66,67] of prevention programs were seen in comparison to
face-to-face conditions, small (EDE-Q global, IBSS-R) [70,71]
to medium effects (BSQ) [67] in comparison to controlswithout
intervention, and medium to large effects (IBSS-R) [68] in
comparison to a video and a brochure control condition,
respectively [68]. At follow-up, no (BSQ) [66] to small effects
(IBSS-R) [69] were observed in comparison to face-to-face
conditions, asmall effect in comparison to a control condition
(EDE-Q global) [71], and no effects in comparison to a video
aswell as abrochure control condition (IBSS-R) [69].
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Adolescents

Heinicke et al [73] reported a medium effect for an adolescent
sample from pre- to posttreatment in BSQ that was maintained
at follow-up. They also found a medium between-group effect
in comparison to a delayed treatment group.

Efficacy of I nternet-Based Treatmentsfor Subthreshold
Eating Disorders

We identified 2 studies investigating I nternet-based treatments
for subthreshold eating disorders. A total of 231 participants
were randomized, of whom 35 were active controlsand 97 were
on awaiting list. From pre- to postintervention, amedium effect
for binging [75], asmall effect for vomiting [ 75], and medium
to large effectsfor EDE-Q global [74,75] were observed. From
baselineto follow-up, large effectsfor binging [ 75] and EDE-Q
global [74,75], but no effect for vomiting [75] was identified.
At postintervention, the Internet intervention differed only
dightly from bibliotherapy (EDE-Q global) [74]. In comparison
to a waiting list, there were small effects for binging and
vomiting [75], and no effect in 1 study, but amedium effect for
EDE-Q global in another study [74,75]. At follow-up, no
differenceswere found in comparison to bibliotherapy (EDE-Q
global) [74]. Compared to the waiting list, there were small
effectsfor binging and vomiting and amedium effect for EDE-Q
global [75].

Efficacy of Internet-Based Treatmentsto Enhance
Motivation to Changein Eating Disorders

Internet-based treatments that aimed at enhancing motivation
to change in eating disorders were the subject of 2 studies. A
total of 397 participants were included, of whom 109 were
waiting list controls. There were small time effects for binging
[77] and motivation to gain weight in problematic areas [76],
but no time effects for vomiting [76,77] or for motivation to
give up binging and vomiting [77] from baseline to
postintervention. At follow-up, there was a small effect for the
motivation to give up binging, but no effects for binging,
vomiting, or motivation for giving up vomiting [77]. A small
between-group effect in vomiting was reported, but no
between-group effect for motivation to gain weight in
problematic areas in comparison to a control group at
posttreatment.

Efficacy of I nternet-Based Treatments for Carers of
People with Eating Disorders

Therewere5intervention studiesincluding 210 carers of people
with eating disorders. A control intervention called Beating
Eating Disorders (BEAT; patient and carer organization) was
offered to 30 carers, whereas 47 received no intervention. From
baseline to postintervention and to follow-up, no effect was
found for the Level of Expressed Emotion Scale (LEE [93])
(unguided overcoming anorexia online [OAQ]), a small effect
was found for LEE (guided OAO) [81], and a medium effect
was found for the total score of the Hospital Anxiety and
Depression Scale (HADS [94]) (guided OAO) [79].
Furthermore, medium effects for the scales “critical to others’
and “healthy outlook” of the Parental Attitudes and Criticism
Scale (PACS[82]) were seen at postintervention, but only small
effects at follow-up [82]. Finaly, a large effect for the total
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score of the Eating Disorder Symptom Impact Scale (EDSIS
[95]) was evident at postintervention [78]. In comparison to a
control group, there were small effects for “critical to others’
and “healthy outlook” at postintervention [82]. Between
unguided and guided OAO, a small effect was shown at
postintervention and a medium effect at follow-up [81].

Efficacy of Mobile Therapy in the Treatment of Eating
Disorders

Four studies eval uated mobileinterventionsfor eating disorders.
Three studies (total N=230; n=83 control patients) employed
short message service (SMS) text messaging and 1 study used
vodcasts (N=31). For SMS text messaging interventions, the
baseline versus follow-up effects were small [84] to large [83]
for binging, zero [84] to medium [83] for vomiting, and large
for EDI-2 total [83]. Until follow-up, alarge effect for binging,
amedium effect for vomiting, and alarge effect for EDI-2 total
[83] were reported. For the vodcast intervention, no effect was
found for binging and small effects for vomiting and EDE-Q
total [86].

Abstinence Ratesfor Technology-Based | nterventions

Abstinence rates ranged between 12% [43] and 46.2% [42] for
unguided CBIs(waiting list: 10% to 20% [43]), between 16.6%
[45] and 46.6% [45] for guided CBIs (waiting list: 0% [45] to
20.7% [48]), and between 21% [62] and 66.7% [61] for
therapist-delivered treatments (waiting list: 0% [60];
face-to-face: 25.8% t0 53.3% [62]). In studies evaluating CBls
for subthreshold eating disorders, abstinence rates were between
37% [74] and 45.1% [75] (waiting list: 8% [74] to 26.9% [75];
bibliotherapy: 8% to 34% [74]). Mobile interventions showed
abstinence rates between 29.4% [84] and 37.8% [85] (control:
18.1% [85]). Abstinence rates for individual studies are shown
in Multimedia Appendix 3.

In the following, results of further relevant aspects of TBIs are
presented. Note that not all studies mentioned so far provided
data regarding these points.

I ntervention Uptake

Twenty studies provided information about non-take-up rates.
Theseranged from 2.9% [80] (carers) to 50% [82] (carers) with
an average of 20.1%. However, reasons for non-take-up were
rarely reported. Paxton et al [67] and Hoyle et a [81] indicated
that personsdid not initiate treatment dueto technical difficulties
or difficulties accessing a computer or the website, due to
seeking alternative treatment, or due to not having enough time
to take part in the intervention.

Murray et a [47] found no differences between those who
started the program and those who did not, except for the
expected personal usefulness of thiskind of intervention. Inthe
study by Leung et al [56], patientswho took up theintervention
had alower BMI and were generally more educated. Therewere
no differencesin age or severity of eating disorder. Leung et al
[77] reported that participants working through the motivational
enhancement exercises had a slightly higher stage of change
than those who did not take part in these.

JMed Internet Res 2015 | vol. 17 | iss. 3 e85 | p.117
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Acceptance

Twenty-six studies provided data about compliance rates (we
defined compliance as the full completion of the intervention
regardless of whether participants completed posttreatment
and/or follow-up assessment, and we only extracted data from
studies that explicitly reported information on this). Between
18.4% [52] and 95.5% [51] completed the program (mean
compliance rate in the TBI conditions: 57.6% of patients that
were included for uncontrolled studies or RCTS).

Pretorius et al [57] found that higher baseline scores on eating
concerns were associated with higher compliance in terms of
number of completed sessions. Fichter et al [63] reported that
patients with less pronounced compensatory behaviors and a
lifetime mood disorder showed better adherence. The results
by Leung et al [56] suggested that the motivational stage of
change in patients and their treatment expectations predict
compliance particularly well. These authors a so named reasons
for discontinuing: motivational difficulties, not enough energy
and time for the program, loss of interest, or nonresponse.

Most of the studies found no differences between completers
and noncompleters in sociodemographic or clinical variables
or in baseline scores [55,66,67,73,75,77,84]. Serdar et a [70]
reported that noncompleters had higher baseline scores in
thin-ideal internalization. Ljotsson et a [49] found that
completers showed less bulimic episodes at baseline. Likewise,
Carrard et al [50] showed that completers and honcompleters
differed in frequency of binges and vomiting.

Satisfaction was either measured by a satisfaction scale or
assessed by qualitative comments. The majority of participants
were satisfied with the programs and rated modul es as pleasant,
easy, and useful [46,71,72,75,78,96]. Patients al so said that they
would recommend the programs to others [54,72,74,78,97].
Some patients stated that they preferred participating in a
program offered via the Internet over face-to-face treatment
[71,73]. However, there were aso patients who would
recommend it only as an adjunct to face-to-face psychotherapy
[52].

Follow-Up Dropouts

Follow-up dropout rates in the studies included in this review
ranged from 4.7% [69] to 84.8% [46]. In terms of predictors of
dropout, results were inconsistent. There were studies where
no predictors could be identified [43], whereas others found
that dropout could be predicted by higher anxiety scores, alower
hyperactivity, a lower minimum BMI, and lower reward
dependence scores on the Temperament and Character
Inventory-Revised (TCI-R [98]) [53]. Graham and Walton [46]
reported that dropouts were characterized by higher scores on
the“drivefor thinness’ EDI-3 scale. Fichter et al [63] observed
that lack of time or not wanting to deal with the eating disorder
prevented patients from taking part in the follow-up
measurement. Bauer et a [85] found that follow-up dropouts
did not differ from those who completed foll ow-up assessment
in any of the baseline characteristics.
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Predictors of Outcome

Severa studiesreported predictors of outcome of TBIsin eating
disorders. A better state of general psychological health was
found to predict a better outcome [54]. In relation to primary
symptomatology, Marrone et a [99] identified reduction of
binge eating asthe best indicator of apositive treatment outcome
(abstinence) at the 1-year follow-up, whereas for short-term
follow-up (3 months), it was the reduction of purging behavior.
Moreover, higher scores on the EDI “ perfectionism™ scale and
on the Eating Attitudes Test (EAT) [100], as well as a higher
minimum BMI significantly correlated with a better outcome
[53]. Johnston et a [44] reported that patients who benefited
the most from their intervention were those with high body
shame at baseline. Fichter et al [63] found lower scores on the
Structured Interview for Anorexic and Bulimic Syndromes
(SIAB-EX [101]) “compensatory behavior” subscaleand higher
spontaneity to be predictive of successful relapse prevention.
Mezei et a [65] identified a higher ratio of words related to
family of origin, ahigher BMI, and lower binging and emotional
distress at baseline to be significantly associated with change
in EDE-Q total. Furthermore, better compliance was associated
with a better outcome also. Adherence and more spontaneity
were also identified as long-term predictors for a favorable
course, as were higher scores on the “ineffectiveness’ scale of
the EDI-2. In the “SALUT” program, improvement increased
with the number of diary entriesand the number of steps patients
completed [50,54]. Even in email therapy, patients who
displayed more commitment in terms of number of words
written had better outcomes[59,60]. Paxton et a [67] and Serdar
et a [70] also found a correlation between the number of
sessions and outcome, whereas Zabinski et a [71] found no
such correlation. Finally, Cardi et al [86] reported that the mean
use of the vodcasts was correlated with the BMI change.

Details About Guidance

Six eating disorder studies presented information about
therapists' time and efforts in guided CBIs. It ranged between
45 minutes and 135 minutes per patient [47,79,80,86,102].
Therapists in the study by Leung et a [56] invested
approximately 5-10 minutes per email. The intervention study
of Ruwaard et a [74] included 25 scheduled therapist feedback
moments, which took approximately 13 hours to complete.
Regarding content, emails from therapists were predominantly
supportive (95.4%) with only 14.7% of the emails containing
atleast 1 CBT comment and 13.6% at least 1 technical comment
[102].

Therapeutic Alliance

Only 1 study on videoconferencing for eating disorder patients
investigated therapeutic aliance. Therapists experienced
differences between the delivery methodsin terms of adherence
to therapeutic tasks, adherence to therapeutic goals, and
therapeutic bond, whereas patients did not [103].

Cost-Effectiveness

Only 1 study compared cost-effectiveness of face-to-face CBT
and CBT delivered viatelemedicine [104]. Efficacy was found
to be comparable, whereas costs of telemedicine were lower,
although still substantial.
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Risks and Side Effectsof TBIs

Three studies provided information about adverse events
occurring in the reviewed TBI studies. Sdnchez-Ortiz et al [48]
as well as Robinson and Serfaty [60] reported that no major
adverse events occurred in their studies. Fichter et a [63]
reported that 11 of 258 (4.3%) AN patients showed adverse
events (BM1<13.5 during the course of the trial). Fortunately,
no serious adverse event (acute suicidality, suicide attempts, or
death) was identified.

Discussion

Principal Findings

Interest inresearch on TBIsfor AN and BN hasincreased during
the last decade. Forty studies whose outcome results were
published in 45 papers fulfilled the inclusion criteria of this
systematic review. Most studies dealt with guided CBIs
(“Overcoming Bulimia” “SALUT”) or programs for the
prevention and early intervention of eating disorders. One has
to consider that many of these treatments are derived from
(guided) self-help interventions based on other media (eg,
self-help manuals such as “Overcoming Bulimia’) that have
been evaluated by a considerable number of researchersin the
past and whose results have been summarized in a current
meta-analysis[105]. Other approaches wererarely investigated:
only 2 studieslooked into videoconferencing and email therapy.
Merely 3 studies evaluated unguided CBIsand 2 researched the
potential of CBIsin relapse prevention.

Summary of Main Results

With regard to BN, guided CBIs led to improvements in the
core symptoms of binging and purging and global eating
disorder psychopathology. Patients receiving guided CBIs
improved more than controls. Guided CBI was shown to be as
effective as guided bibliotherapy. Initial findings suggest that
treatment results can aso be maintained at follow-up.
Furthermore, videoconferencing showed promise in treating
patients with BN. Unfortunately, this approach has only been
evaluated in 1 RCT so far.

With regard to AN, CBIs might be used for relapse prevention.
However, only 1 study has empirically evaluated this kind of
intervention in AN patients so far. Several casereportsby Yager
[106-108] suggest that CBIs (eg, email) may be effective when
used as atherapeutic adjunct in the outpatient treatment of AN.
In his opinion, CBIs increase adherence, patient satisfaction,
and therapeutic alliance, and he did not observe any negative
effects. Therefore, he suggests including email contact in the
regular therapy process to enhance weekly sessions, to monitor
daily food intake, or for crisis intervention.

With regard to adolescents with eating disorders, research
findings suggest that CBIs may be atreatment option for bulimic
patients. However, results should be confirmed in RCTs and
replicated by other research groups beforewidely recommending
it.

Furthermore, CBIs may aso be considered in the prevention
and early intervention of eating disorders as well as for
supporting carers of eating disorder patients. Finaly, preliminary
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evidence suggests that mobile interventions are useful for
patients with eating disorders in relapse prevention or as an
adjunct to therapy (eg, symptom monitoring).

Efficacy results of TBIsarein-linewith studies evaluating CBls
in other mental health disorders. For example, medium effects
at posttreatment were also shown in a meta-analysis of CBIs
for depressive disorders [16]. Videoconferencing—the
intervention that is closest to traditional face-to-face
therapy—showed very promising results. Videoconferencing
wasalso showntoyield similar clinical outcomes asface-to-face
therapy with regard to a variety of other disorders [109].
Although this intervention provides no benefit for the therapist
in terms of time or cost-effectiveness, it might be an attractive
aternative treatment for patients living far away from a
specialist eating disorder therapist. CBIs for carers of eating
disorder patients are a relatively new field of research. In-line
with Hu et a [110] who showed that | nternet-based interventions
were able to reduce stress and to improve well-being of
caregivers for others with medical conditions, we found that
CBls may aso be helpful for carers of patients with eating
disorders.

Although efficacy resultsin the reviewed studies are promising,
high rates of non-take-up, honcompliance, and dropout in the
reviewed studies severely hamper the validity of study results.
Therefore, findings must be interpreted with some caution. The
result that only slightly more than half of the participants (57%)
completed the offered TBI paralels the report by Waller and
Gilbody [111] that only half of patients completed afull course
of CBI for anxiety and depression. However, as adherence and
satisfaction are important determinants of therapy outcome, it
will take additional efforts to improve acceptance of TBIs for
participants. This may be accomplished by educational
advertising and by developing specific, individually tailored
programs that appea to participants searching for help. To
increase adherence, future interventions should feature the
following characteristics: a strong theoretical foundation,
perceived personal relevance, tailoring, persuasive technol ogies,
credibility, social networking, and common “push factors,”
including human support and/or periodic prompts (by email or
telephone), as suggested by Murray [112].

IsHuman Contact and Guidance Necessary?

Guidance may be essentia for both compliance and outcome
of CBIs[113,114]. In the field of research on CBls for eating
disorders, only 3 studiesdirectly compare unguided and guided
CBI. Huon [45] found more improvement in the 2 guided
groups. In contrast, Murray et a [115] did not find any
significant differences between brief therapist guidance and
minimal researcher guidance. However, this study was not an
RCT, but rather compared the results of 2 consecutive cohorts.
Hoyle et a [81] got mixed results on whether further guidance
isuseful. Eating disorder patients see guidance as a helpful and
important element of the intervention [54,97].

Studies of CBIsfor various mental health disorders showed that
guidance augments efficacy [27]. Pamqvist et a [114]
calculated a meta-analytic correlation of p=.75 between time
invested by therapists and outcome. Outcomes equivalent to
face-to-face therapy were also reported [116,117].
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Overall, details about guidance are unsatisfactorily reported in
most studies on CBIs for eating disorders. Information about
thetype and qualifications of coaches, about the type of support,
aswell asthetiming, frequency, and overall amount of contact
is often missing. However, al this important information is
required to be able to compare the different programs and their
efficacy and to get a clearer picture of how much and what kind
of contact is needed to optimize the interventions.

Therapeutic Alliance

Theissue of human contact in guided CBIsalso raises concerns
about whether online therapy can establish any meaningful
therapeutic alliance [118]. The only study in the field of CBls
for eating disorders suggests that videoconferencing establishes
an adequate therapeutic alliance [113]. However, there are no
findings regarding its quality when nonverbal cues are
completely lost, such asin email guidance.

A systematic review investigating therapeutic relationshipsin
e-therapy for mental health suggests that a therapeutic alliance
equivalent to that in face-to-face therapy can be established in
Internet-based therapy [119]. However, this topic is
underresearched becausejust 11 (1.3%) of 840 reviewed studies
reported data on this matter. Furthermore, Andersson et a [120]
speculated that despite high alliance ratings, these rel ationships
may not be as important as in face-to-face therapy. In
conclusion, much more research is necessary to realy
understand similarities and differencesaswell as special features
of therapeutic relationshipsin both delivery methods.

Strengthsand Limitations of This Review

One strength of the present review is that we considered the
whole spectrum of care from prevention, early intervention,
trestment, relapse prevention of eating disorders, tointerventions
for carers of eating disorders. Furthermore, by including awide
range of study designs beyond just RCTs, abroad range of new
types of TBIs were included. This made it possible to give a
comprehensive up-to-date picture of the dynamic field of TBIs
in eating disorders. Moreover, awide range of aspects relevant
to TBIs, such as acceptance, efficacy, predictors of outcome,
need of guidance, and therapeutic alliance, werereviewed. This
review is limited by the fact that a meta-analysis could not be
performed due to the enormous heterogeneity of studies.
Furthermore, diagnoses in studies were made in sometimes
more but also less rigorous ways (informal clinical interview,
semistructured clinical interview, questionnaire using DSM
criteria), thereby reducing the chances that all studies had the
same diagnostic threshold. Unfortunately, no pure samples of
BN patients were available in most studies. Instead, patients
with EDNOS or binge eating disorder were also included, so
that results must be interpreted with some caution.

There are al so several methodological limitationsin the studies
discussed in this review. We mainly followed the coding for
weaknesses as suggested by Newman et al [121] (see table in
Multimedia Appendix 1). Sixteen studies were uncontrolled
and overall, 55% RCTs with either a control group or 13 with
an active treatment as a comparator were still too few. For 11
studies, no follow-up data were available and in 28 studies
outcomes were determined only through self-report and not by
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blinded interviewers. Sample sizeswere predominantly moderate
and rarely included more than 100 participants; 14 studies had
sample sizes of lessthan 50. In most cases, no power calculation
was reported. Fifteen studies did not report on additional
psychological treatment, as did 22 studies on pharmacol ogical
treatment. Twenty-two studies failed to present information on
adherence or quality checks in the treatment as did 18 studies
on therapist training regarding TBIs. Most studies did not
explicitly investigate outcome predictors or the active
ingredients of mostly complex interventions. Outcome measures
varied considerably making it hard to compare different study
results.

Consequentially, a number of challenges for future research
arise that are detailed subsequently.

Recommendations for Future Research

There is need for more high-quality RCTs that adhere to the
Consolidated Standards of Reporting Trials (CONSORT)
statement [122], with sufficient sample sizes and long-term
follow-ups to investigate stability of effects. Future studies
should compare TBIs for AN and BN patients not only
concerning waiting list or no treatment comparisons, but also
with respect to active conditions such as face-to-face
psychotherapy and traditiona (manual-based) self-help
interventions. Furthermore, different modes of TBIsaswell as
TBIs with different amounts of guidance should be compared
with each other to derive information about comparative
effectiveness. Future research should also evaluate the
helpfulness of TBIs in preparing patients for face-to-face
therapy, and explore the potential of combining face-to-face
therapy and TBIs. Outcomes of eval uations should be preferably
assessed by independent, blinded assessors and not by
self-reports alone. To facilitate comparability of treatments,
standardized outcome measures should be used. In addition,
abstinence and compliance should be defined consistently across
studies. Furthermore, reporting of studies should be improved.
Studies should include information about additional
psychological and/or pharmacological treatmentsto control for
outside effects. Additionally, information about adherence or
quality checks on treatment needs to be consistently reported.
In addition, detailed descriptions of guidance should be given
including information on qualification and on training of the
coach/therapist. Modality, frequency, and intensity of guidance,
aswell asinformation about therapist’s time and efforts should
also be specified. To improve the methodological quality and
thereporting of studies, researchers should follow the guidelines
for executing and reporting Internet intervention research [ 123].

Many questions regarding the optimal delivery method of TBISs,
aswell asthe optimal dose in terms of frequency, intensity, and
duration of interventions, still await qualified answers. Research
shows that adding more therapy components does not lead to
better results [124]. In this context, Andersson and Titov [125]
pointed out that it is important to consider patients capacity
and to avoid overloading. Studies should also try to find out
how much time patients have to spend on a treatment program
to achieve maximal benefits[24]. Similarly, questionsregarding
optimal guidance remain unresolved: research needsto identify
the usefulness of clinical contact [24] and the ideal frequency
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and kind of provided support [125]. The issue of what
background the therapist should ideally have and how much
face-to-face contact a therapist needs to have in order to be
empathetic, interested, present, and thus therapeutically
effective, also needs clarification [126]. In case of engaging
TBIs of adequate quality, therapist expertise may not be as
important as in face-to-face therapy [125]. Furthermore, future
studies should also include checking adherence to the
intervention protocol of therapists who provide guidance and
the quality of their guidance.

Usually TBIs are complex interventions (ie, they consist of a
number of interacting components) [127]. Therefore, it is
essential to explore mechanisms of action of TBIs and how
therapy can be optimized by identifying the active ingredients.
In addition, mediators and moderators of therapeutic changein
TBIs should be explored. Future research will also have to
clarify who benefits, who drops out, and what factors increase
compliance. Moreover, theimpact of sociodemographic factors,
such as sex, age, and/or education, needs to be elucidated.

Integrating more motivational components into programs and
tailoring the treatment to the AN and BN patients' needs in
terms of severity of illness and comorbidity will be imperative
to further improve interventions. Research on depression has
shown that more severely affected patients respond better to
tailored, rather than to nontailored treatment [128]. Patients
preferences should also be considered when designing future
interventions (eg, by providing a choice of different treatment
modules). Therefore, it is necessary to conduct qualitative
studies to explore patients' opinions and wishes concerning
TBIs and to explore acceptance.

More research on how to enhance the uptake and utilization of
TBIs and how to promote its broader dissemination and
implementation in routine care is necessary. TBIs should be
integrated into existing health care systems and efforts should
be made to enhance their acceptability and adoption by patients
as well as by health care delivery teams [129]. Many patients
and clinicians still adopt a skeptical attitude toward TBls, a
problem that can be addressed through education [125]. More
pragmatic RCTsin naturalistic settings should be performed to
evaluate effectiveness and cost-effectiveness of TBIs within a
stepped-care program [130]. This kind of research is able to
identify where TBIsfit best into existing treatment options and
to economically integrate them into our health care system [129].
TBIs may be presented as afirst step in a stepped-care process
probably followed by or combined with other treatment options
such as face-to-face psychotherapy [125]. Cavanagh et al [131]
reported a naturalistic nonrandomized trial of CBI for anxiety
and/or depression that found CBI to be effective even under
routine conditions, suggesting good generalizability.

TBIs aso have some disadvantages. Some patients may not be
able to access technological interventions [132] or may feel
uncomfortable using them [129] due to security issues [125]
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and privacy concerns [133]. Moreover, the lack of nonverbal
cues (eg, in email therapy) can lead to a loss of important
therapeutic information and to misinterpretations. Additionally,
thelack of immediate exchange may cause a patient who expects
immediate response to feel insecure and helpless [133].
Furthermore, patients’ safety cannot be guaranteed and, in case
of acrisis, there are few options for action. Kiluk et al [134]
advocate that future studies should focus more on potential
adverse eventsin TBIsbefore afinal recommendation for TBIs
ismade. So far, adverse events have rarely been considered in
reportsof TBIsfor eating disorder patients. Therefore, thisissue
should be more systematically addressed. In addition, future
studies should focus on the identification of nonresponders or
patients that even deteriorate (eg, by symptom monitoring on
aregular basis) and on the devel opment of treatment strategies
for these patients.

Last but not least, research needsto determinethelimitsof TBIs
[126]. In-line with Proudfoot et al [135], TBIs for eating
disorders may not be indicated in case of a BMI<17.5, severe
vomiting, comorbid posttraumatic stress disorder, severe
depression, or apsychotic illness.

Conclusions

Unfortunately, the evidence for TBIs in the treatment of AN
and BN remains insufficient because many approaches were
investigated only once, by 1 research group, or only in
uncontrolled studies. Nevertheless, the initial results are
encouraging. At this stage, unguided CBIs cannot be
recommended for the treatment of AN and BN, whereas guided
CBls may be a promising treatment approach, especially for
BN. Videoconferencing may also be an approach worth pursuing
further in research as well as in practice. Furthermore,
I nternet-based relapse prevention for AN inpatients may be an
effective way to stabilize treatment success and to bridge the
gap between inpatient and outpatient therapy. Guided CBIs
seem to be a promising approach even in the treatment of
adolescents with BN. Efficacy of email therapy still remainsto
be seen. CBIs might also be considered for the prevention of
eating disorders as well as to support carers of eating disorder
patients. Furthermore, eval uation of mobileinterventions should
be further pursued.

Until now, many TBIs have only been used within the context
of research studies and have not become part of routine health
care. Before a widespread implementation of TBIs, it is
imperative to ascertain that they are aso feasible under
naturalistic conditions and across settings.

In conclusion, one should stay open-minded about the
integration of novel technologies that may enhance
psychological prevention and treatment of AN and BN and their
carers. TBIscan especialy serveasafirst step in astepped-care
model. However, patient compliance, which is essential for
TBIs to work, is still a mgjor challenge. Future research is
needed before widely recommending TBIsfor AN and BN.
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Abstract

Background: Despite investments in infrastructure and evidence for high acceptability, few mHealth interventions have been
implemented in sub-Saharan Africa

Objective: We sought to (1) identify predictors of uptake of an mHealth application for a low-literacy population of people
living with HIV (PLWH) in rural Uganda and (2) evaluate the efficacy of various short message service (SMS) text message
formats to optimize the balance between confidentiality and accessibility.

Methods: Thetrial evaluated the efficacy of a SMS text messaging app to notify PLWH of their laboratory results and request
return to care for those with abnormal test results. Participantswith anormal laboratory result received asingle SM S text message
indicating results were normal. Participants with an abnormal test result were randomized to 1 of 3 message formats designed to
evaluate trade-offs between clarity and privacy: (1) an SM S text message that stated results were abnormal and requested return
to clinic (“direct”), (2) the same message protected by a 4-digit PIN code (“PIN"), and (3) the message “ABCDEFG” explained
at enrollment to indicate abnormal results (“ coded”). Outcomes of interest were (1) self-reported receipt of the SM Stext message,
(2) accurateidentification of the message, and (3) return to care within 7 days (for abnormal results) or on the date of the scheduled
appointment (for normal results). We fit regression models for each outcome with the following explanatory variables:
sociodemographic characteristics, CD4 count result, ability to read a complete sentence, ability to access a test message on
enrollment, and format of SM S text message.

Results: Seventy-two percent (234/385) of participants successfully receiving a message, 87.6% (219/250) correctly identified
the message format, and 60.8% (234/385) returned to clinic at the requested time. Among participants with abnormal testsresults
(138/385, 35.8%), the strongest predictors of reported message receipt were the ability to read a complete sentence and a
demonstrated ability to access a test message on enrollment. Participants with an abnormal result who could read a complete
sentence were also more likely to accurately identify the message format (AOR 4.54, 95% CI 1.42-14.47, P=.01) and return to
clinic appropriately (AOR 3.81, 95% CI 1.61-9.03, P=.002). Those who were sent a PIN-protected message were less likely to
identify the message (AOR 0.11, 95% CI 0.03-0.44, P=.002) or return within 7 days (AOR 0.26, 95% CI 0.10-0.66, P=.005).
Gender, age, and socioeconomic characteristics did not predict any outcomes and there were no differences in outcomes between
those receiving direct or coded messages.

Conclusions: Confirmed literacy at the time of enrollment was a robust predictor of SM S text message receipt, identification,
and appropriate response for PLWH in rural Uganda. PIN-protected messages reduced odds of clinic return, but coded messages
were as effective as direct messages and might augment privacy.

Trial Registration: Clinicaltrias.gov NCT 01579214; https://clinicaltrials.gov/ct2/show/NCT01579214 (Archived by WebCite
at http://www.webcitation.org/6Ww8R4sK g).
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Introduction

Methods

The promise of mobile phone-based interventions to improve
health care delivery in resource-limited settings has been well
described [1,2]. The widespread availability of cellular networks
coupled with the exponential growth in mobile phone ownership
[3] creates an opportunity to leverage limited human resource
capacity in resource-limited settings through improved
patient-provider communication, information management,
clinical decision making, disease surveillance, as well as
monitoring and evaluation [2]. Despite a rapid increase in
investments in mHealth programs, there are few reports of
successfully implemented mHeal th interventionsin sub-Saharan
Africa[4,5].

End-user characteristics that influence acceptance and use
patterns of mHealth interventions are critical to successful
implementation [6], particularly in settingswith variableliteracy
and technology experience [7,8]. Although there is much
literature on the behavioral science of novel technology
acceptance and uptake in resource-rich settings [9,10], similar
dataarelargely lacking from resource-limited settings. Data are
even sparser on technology acceptability for low-literacy end
users. A handful of studies have evaluated the general
acceptability of mobile phone-based interventions in these
scenarios [11-15], but there is an important need to better
understand the barriers and facilitators of technology acceptance
for low-literacy populations for whom many mHealth
interventions are intended. Of particular importance to patient
end users is attention to privacy and confidentiality
[11,12,14,16], which can have health and safety implications
for stigmatized health conditions, such as human
immunodeficiency virus (HIV) infection [17].

We previously reported on the perceived acceptability of a
mobile phone app to improve communication of laboratory
resultsto patientsat an HIV clinic in southwestern Uganda[12],
and ontheresultsof aclinical trial at the sameclinictoimprove
linkage to care through a combination short message service
(SMS) text messaging app and transportation reimbursement
intervention [18]. Intheclinical trial, participantswith abnormal
results who received SMS text messages about CD4 count
results and a transportation reimbursement had significantly
improved timeto clinic return and timeto antiretroviral therapy
(ART) initiation than those in a preintervention control period.
Here we report results of a prespecified secondary analysis
restricted to participants in the intervention period who were
sent SM S text messages with the following specific objectives:
(1) to identify predictors of self-reported message receipt,
accurate identification, and appropriate return to clinic in
response to the SM S text messaging app and (2) to evaluate the
comparative efficacy of randomly allocated SMS text formats
to optimize the balance between confidentiaity and accessibility
of health-related SMS text communications for low-literacy
end users.

http://www.jmir.org/2015/3/e78/

Study Setting and Participants

Data for this analysis were collected as part of a randomized
clinical trial of an SMS text app to notify people living with
HIV (PLWH) of their laboratory results and request return to
carefor those with abnormal results. Full detailsand preliminary
results of the trial have been reported previousy
(NCT01579214) [18]. We present the results of a secondary
analysisrestricted to those who were sent at |east one SM S text
message as part of the intervention arm of theclinical trial. The
goa of the analysis was to identify predictors of receipt,
comprehension, and appropriate response to an SM S text-based
clinical communication intervention. Patients were eligible for
the study if they were actively in care at the adult HIV clinic of
the Mbarara Regional Referral Hospital in Western Uganda,
had accessto amobile phone, lived in the clinic catchment area,
and were undergoing CD4 count testing. Clinicians specified
an abnormal test threshold for each participant, defined as a
result that would prompt early return to care for treatment
initiation, regimen change, or clinical evaluation.

Inter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>