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Abstract

The overwhel ming amount, production speed, multidimensionality, and potential value of data currently available—often simplified
and referred to as big data —exceed the limits of understanding of the human brain. At the same time, developments in data
analytics and computational power provide the opportunity to obtain new insights and transfer data-provided added value to
clinical practiceinreal time. What istherole of the health care professional in collaboration with the data scientist in the changing
landscape of modern care? We discuss how health care professional's should provide expert knowledge in each of the stages of
clinical decision support design: datalevel, algorithm level, and decision support level. Including various ethical considerations,
we advocate for health care professional sto responsibly initiate and guide interprofessional teams, including patients, and embrace

novel analytic technologies to translate big data into patient benefit driven by human(e) values.

(J Med Internet Res 2019;21(3):€11732) doi:10.2196/11732
KEYWORDS

clinical decision support; big data; artificial intelligence; machine learning; deep learning; precision medicine; expert systems,

data science; health care providers

Introduction

Although medical data collection and interpretation used to be
the domain of health care professionals, the broad availability
of health data in unprecedented amounts has significantly and
irrevocably changed thelandscape of modern care. Even patients
now start to collect their own health data using, for instance,
smart watches or apps, which may become an important source
of health datain the future.

The craft of trandlating information into the right diagnosis and
corresponding treatment is daily routine for health care
professionals. It entails collecting the relevant data for each
individual patient, integrating thisinformation with pre-existing
knowledge, drawing a conclusion, and initiating appropriate
treatment in dialogue with the patient. A significant portion of

http://www.jmir.org/2019/3/e11732/

medical training is dedicated to learning how to distinguish
relevant from irrelevant information to ultimately make the best
decision possible. Yet, the overwhelming amount, production
speed, multidimensionality, and potential value of data currently
available (often simplified and referred to as big data) exceed
the limits of understanding of the human brain.

Conversely, developments in data analytics and computational
power provide the opportunity to obtain new insights and
transfer data-provided added value to clinical practice in real
time. Such systems are called clinical decision support (CDS)
and can broadly be defined as “information systems designed
to aid in the clinical decision-making process, by integrating
different sources of health information such as Electronic Health
Records, laboratory test results, etc” [1]. CDS systemscomein
many forms and functions, but all share the aim of generating
clinically relevant outcomes based on input data. A decision
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can be supported by arule or a model as simple as an if-then
rule (eg, built-in reference valuesfor laboratory measurements)
or a complex prediction model (eg, artificial intelligence [Al]
pointing radiologists to possible incidental findings). The
corresponding output of aCDS system variesfrom showing the
generated prediction as input for a clinical decision (eg,
automatically generated early warning scores) to acting upon
the decision without human interference (eg, an implantable
cardioverter defibrillator).

Recent reports on CDS systemsin radiology and pathology are
promising. Computers can, for example, support radiologists
in interpreting mammograms or help pathologists in the
classification of brain tumors [2,3]. Google recently also
received the Food and Drug Administration’s approval for the
introduction of adiabetic retinopathy algorithm based on retinal
imaging [4]. Moreover, development of complex algorithms
now starts to transcend beyond imaging specialties [5].

If the computer seems to know better anyhow, should we fully
abolish medica curricula and focus on data scientists who

Bezemer et a

develop CDS systems, with lay people gathering theinformation
required for them, entitling the computer to do theinterpretation
instead? Probably not. There are at least two human beings
present when amedical decisionismade: apatient and ahealth
care professional. Recently, the role of the patient as a disease
experience expert [6] and his or her role in shared decision
making have come into awareness. Here, we focus on the role
of health care professionals and their expert knowledge.
Throughout this paper, wewill briefly touch upon variousethical
issues. However, we strongly feel ethical considerations
pertaining to algorithmic decision making deserve adiscussion
of their own, and kindly refer the reader to a recent overview
on this topic [7]. In this paper, we show that a well-designed
CDS system needs expert knowledge of health care professionals
in al 3 phases of development: data, algorithm, and decision
support (Table 1). Moreover, in the era of CDS, we advocate
for health care professionals to responsibly initiate and guide
interprofessional teams, including patients, and embrace novel
analytic technologies to trandate big data into patient benefit
driven by human(e) values.

Tablel. Thistableshowsthe3levelsinthe building process of aclinical decision support system and some examples of whereclinical expert knowledge

of health care professionals plays arole in each of these levels.

Level and example of issue Example of expert knowledge

Data level
Laboratory thresholds

Derived measurements® Body mass index
Diagnostic codes
Jargon
Temporality

Algorithm level

Methodological choices

Hemoglobin reference range to diagnose anemia

Grouping of related diagnoses in a study population
Same abbreviations having different meanings

Glucose values are highly dependent on the time of day (eg, pre- or postprandial)

How to handle missing data (eg, missing not at random)

Constructing relevant derived variables from raw data (eg, torsades de pointes, Wolff-Parkinson-White syn-

Feature engineering® drome)

Artifacts
diogram

Decision support level

Interpretation of model output

Degree of autonomy

Knowledge on usefulness

For example, oxygen saturation of zero caused by a slipping pulse oximeter, switched leads in an electrocar-

Risk probability of 0.75 requires awarning (amber light) in acDS? system
Tuning of implantable cardioverter defibrillator

Weighing a CDS system'’s advice to treat while considering quality of life versus treatment burden in elderly

cancer patientsin a shared decision-making context

@Derived measurements may occur at the data level but also at the algorithm level; the former being undesirable because any manipulation at the data

level may result in aloss of information.
bCDS: dlinical decision support.
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Table 2. Table comparing different types of clinical data on some pointsimportant to clinical decision support systems.

Clinical decision support issues

Electronic health record free-text/un-
structured data (eg, clinical notes)

Registry/trial data (eg, case record
forms case record formsand question-
naires)

Structured data/electronic health
record (eg, lab values and smoking
status)

Context completeness

Machine readability

Trandatability (between institu-
tions)

Noise resistance

Availability for reuse/general
applicability

Excellent: contextual information can
be included.

Poor: informationis mostly useful for
case-specific usage by humans. May
require text mining/text retrieval to

convert to amachine-readable format.

Poor: freetext containsjargon-specif-
ic, ambiguous abbreviations (eg, PCI:
percutaneous coronary interven-

tion/prophylactic crania irradiation).

Very poor: These type of data are
very sensitive to interobserver noise
(eg, personal abbreviations, spelling
mistakes, and personal focusin
recording certain types of informa-
tion).

Excellent: these type of dataare
readily available, contain alot of
context (see Context completeness),
and can thus be repurposed for avari-
ety of applications.

Poor: context is essentially absent as
apriori interpretation isan integral
part of recording datain case record
forms.

Good: data are uniformly formatted
and can be parsed by computers.

Excdlent: trid dataareusualy collect-
ed using a standardized protocol, al-
lowing for interoperability between
institutions.

Excellent: dataarerecorded in a
standardized way, designed to prevent
noise.

Limited: trials are designed and con-
ducted for one specific research
question.

Poor: study designis hit-or-miss. Bias
cannot be corrected after the data
recording process.

Depends on implementation. Context
may belost because of predetermined
categorization.

Excellent: datacan be parsed or direct-
ly used by computers.

Good: |ab values can be converted
using reference values. Structured
data, such as smoking and hyperten-
sive status, can be reformatted for in-
teroperability.

Good: data are often machine-derived
or recorded in a standardized way.
However, bias because of differences
in information-recording habits
among health care professionals may
arise.

Excellent: these type of dataare
readily available and can thus be used
for aplethora of purposes.

Excellent: study design can berevisit-
ed if unanticipated bias effects arise.
In this sense, bias could be corrected

by altering the data selection.

Design flexibility Excellent: study design can berevisit-
ed if unanticipated bias effects arise.
In this sense, bias could be corrected
by atering the data selection.
Data

Developing a CDS system starts with data. Data come in many
forms and sets (Table 2). Structured data such as numeric data
(eg, laboratory measurements and blood pressure) or categorical
data (eg, hypertension yes/no or educational level) are easiest
to work with in amodel. Thisisthe first point at which expert
knowledge of health care professionals may enter CDS
development process. However, asubstantial part of day-to-day
clinical decisions is based on unstructured free-text entries,
encompassing, for example, patient history and physical
examination observations by doctors or regular notes from
nurses. Although discouraged in modern electronic health record
(EHR) systems, unstructured free-text clinical notes till provide
irreplaceable information and context to health care
professionals. Using free text introduces anumber of challenges.
Aside from the obvious ones, such as writing style and typos,
medical text isincredibly site specific and can be highly biased.
This phenomenon ranges from language- and country-specific
abbreviationsto jargon differences between 2 wards within the
same hospital (eg, AF for atrial flutter and amniotic fluidor MS
for mitral stenosis and multiple sclerosis). This is an
understandable effect of rapid communication between health
care professional s or of health care professional staking personal
notes to capture their train of thought. However, thisleadsto a
given phrase, term, acronym, or abbreviation being context
specific and having different meanings in different situations.

http://www.jmir.org/2019/3/e11732/

Free-text interpretation, therefore, heavily depends on contextual
expert knowledge.

Data Sources

Widely used datasets for CDS systems include clinical trials
and medical registries. Data collected within trials are of
importance for a predefined research question. They are usually
of high quality, may be stored in great detail, and are often richly
annotated with expert knowledge (diagnostic codes and
predetermined disease severity classifications). Medical
registries are developed for quality control and research
purposes. They are used to record a predefined limited number
of variables for a specific group of patients, often focusing on
particular conditions and diagnoses. Careful maintenance of
research databases and registries alows for the collection of
data from patientsin a clean and systematic way according to
protocol, preventing missingness and lossto follow-up asmuch
as possible. However, because of their restrictive nature,
research datasets and medical registries discard valuable
contextual information, such as free-text notes, about included
patients. Therefore, they show a limited, predefined scope of
the patient’s condition. Furthermore, women and minoritiesare
underrepresented in research datasets, and patients who are
included can suffer from the Hawthorne effect (ie, altered
behavior because of the fact that oneisastudy subject) [8]. The
concept of research datasets and medical registries does not
allow for flexibility in study design; the decision on what
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information to collect (and in what way) is single and final.
Moreover, information beyond the scope cannot be added
without considerable effort at alater moment (if anonymization
or informed consent regulations do not prevent this at all).

Dueto thisrather artificial way of collecting data as compared
with clinical care, research databases and registries are unsuited
for the creation of broadly applicable CDS systems using
increasingly complex models. Moreover, CDS systems
preferably apply information that isalready availableto the care
provider to aid in the clinical process without impeding it by
requiring the collection of various additional data. Data from
EHRs contain real-world datafrom clinical practice. EHR-based
datasets are, therefore, more suitable for CDS system
development. At the same time, EHR systems were designed
as a virtual patient chart and not necessarily for reuse of the
data they capture. As such, turning them into valuable
EHR-based datasets takes careful and skilled data processing.
For example, EHR data require more data cleaning (eg, how to
handle not at random missing data—also a prime example of
where clinical expert knowledge plays a vital role), careful
assessment of informed presence bias (ie, acknowledgment of
the bias introduced by the medical process), and decisions are
to be made about how certain variables are derived from often
unstructured data such as free text in EHR systems or clinical
notes (eg, define diabetes mellitus and define hypertension) [9].
Asonly health care professional s themsel ves know about these
inherent biases of working in an EHR, expert knowledge is
indispensable. Table 2 compares different types of clinical data
on a number of points important to CDS development. The
Utrecht Patient Oriented Database in the University Medical
Center Utrecht, the Netherlands, is an example of a routinely
updated EHR-based database, containing data from multiple
hospital sources of about 2.3 million patients (Multimedia
Appendix 1, [10]). Utrecht Patient Oriented Databaseis curated
by clinicians who use their expert knowledge in the design of
the database to counter the known biases that are inherent to
EHR data. Furthermore, they assist their clinical colleaguesin
transforming relevant datainto meaningful variablesto answer
clinicaly relevant research questions and to develop CDS
systems.

Data Preprocessing

Before the data can be used to build a model, they need to be
preprocessed. Preprocessing steps define variables from raw
datathat amodel can use. During preprocessing steps, the expert
knowledge of health care professionals is important to derive
meaningful variables and values from the data. For example,
disease activity variables need to be constructed because
research guidelines and accompanying questionnaires are not
regularly applied in clinical care. Furthermore, health care
professionals may direct data scientists away from composite
endpoints (eg, apatient hasa50% increased risk of pneumonia,
pulmonary embolism, or chronic obstructive pulmonary disease)
as they are less useful for CDS than specific endpoints that
require specific actions (eg, a 50% increased risk of
pneumococcal pneumonia). Moreover, the extraction of features
from the data, such as differences in laboratory values over
time, requires expert knowledge to determine appropriate time
windows. Although the accuracy of algorithms generaly
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increasesif missing valuesand outliers are removed, the absence
of data can carry value that only a health care professional is
able to acknowledge, and the same holds true for outliers.

Algorithm

After the selection of theright datato develop the CDS system,
the next phaseisto develop amodel (ie, the recipe that describes
the relationship between variables and outcome in the data) by
using an agorithm (a predetermined computational method to
derive such a recipe from the data). Depending on the
complexity of the modeling task, model development usually
contains a phase of model training and phase of model
validation. In the training phase, amodel that best fits the data
(ie, makesthe best predictions on thetraining data) is devel oped,
and inthevalidation phase, testsare carried out to check whether
the model is correct (ie, generalizes to the population). What
congtitutes a good prediction is dependent on the (clinical)
research question (ie, identify all positive diagnoses at any cost
or find a trade-off between cost and efficacy). It is common
practice to test the model on a new dataset in the validation
phase. This can be a previously unseen part of the total dataset
or an entirely new dataset. Although modeling and algorithm
development are not the natural habitat for most health care
professionals, their knowledge and input are invaluable in this
phase.

Simple Models

In simple models, the input of expert knowledge of health care
professionals is well established. As mentioned before, the
simplest form of decision modelsisif-then rules. Examples of
such models include laboratory reference values based on
statistical distributions of patient measurements (eg, if fasting
glucose >11 mmol/L, then the patient probably has diabetes
mellitus), medical risk scores (eg, if Glasgow Coma Scale is
lower than 9, then consider intubating the patient), rule-based
warnings for medication (eg, if the patient hasimpaired kidney
function, then do not alow prescription for metformin), and
alarms on the intensive care when vital sign thresholds are
violated (eg, sound an alarm if saturation levels drop below
95%) [11]. When building these ssmple models into CDS
systems, the threshol ds and reference values need to be provided
by health care professionals.

Complex Models

These traditional models and clinical scores are generaly
straightforward (Apgar score and Glasgow coma scal€) to make
them easily actionable, even in stressful situations. The beauty
of their simplicity has ensured their broad application, but their
sensitivity and specificity are unavoidably limited and usually
include asubstantial gray area. Moreover, most current models
are based on regression or correlation measures that are less
able to capture complex relationships in the data. The
availability of machine learning offers novel approaches for
developing medical models and risk scores. Machine learning
refers to a group of statistical techniques that can be used to
discern even complex patterns or regularities in data. They do
so through an iterative process (in other words, the patterns are
learned, hence machine learning) and produce a prediction
model based on the learned patterns, which can then be
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incorporated in clinical support tools. [12,13]. In this complex
type of modeling, input of expert knowledge from health care
professionals may seem less obvious. However, model
development is not a neutral process and even the values of
health care professionals may be of additional benefit [7].

Machine learning agorithms can be roughly divided into 2
classes: (1) supervised learning algorithms that make use of
prior (expert) knowledge about outcomes to guide the process
and (2) unsupervised learning algorithms that aim to discover
data patterns irrespective of model outcome.

Input datafor supervised learning algorithms need to belabeled
and selected manually (eg, positive/negative diagnosis,
benign/malign, and concentration of inflammatory marker X)
before modeling, and these data then constitute the outcome
variable to predict for new cases. In other words, supervised
learning systems rely heavily on expert knowledge [12,14].
Supervision is not only needed for the prelabeling of cases and
noncases but also for statistical and methodological choices.
Such choices include, for example, the choice of which
algorithm to use and whether to normalize/standardize the data,
and more algorithm-specific choices, such as the number of
layers and nodes in a neural network or number of splitsin a
decision tree. Making appropriate choices on these aspects
requires input from data scientists and medical scientists alike
and will significantly affect the validity of the model. When the
input variablesin supervised models are selected by health care
professionals and are based on prior knowledge and scientific
evidence, supervised machine learning models may provide a
safe ground for decision tools.

Unsupervised learning algorithms aim to uncover regularities
in data without being guided by a prelabeling of the data (ie,
clustering algorithms). The scope of this technique is often to
discover novel subgroups within data and populations[12,14].
Thisapproach isuseful when information on the characteristics
needed to discriminate between patients and controlsis not yet
available, or when one aims to find starting points for more
fundamental scientific research. Therefore, this approach is
usually used to find novel patternsin the datainstead of making
predictions and is thus generally more exploratory in nature.
An advantage is, thus, that it allows for hypothesis-free or
agnostic detection of patterns even when expert knowledge on
the difference between subgroups is missing. Nevertheless,
unsupervised systems can still profit from expert knowledgein
the modeling process, as for example, clustering algorithms
often require the user to preset the desired number of clusters,
a decision that may be based on evidence of a known pattern
in the population of interest.

A group of supervised and unsupervised techniques that is
currently the state-of-the-art in machine learning is called deep
learning. These techniques often involve artificial neural
networks and attempt to learn increasingly deep representations
of associations in the data. Deep neural networks (deep nets)
are capable of automatically determining how to represent the
input datain the best way for the question at hand. Theoretically,
deep nets do not even require manual data preparation. In
essence, the only requirements are to standardize numeric data
and to encode categorical data into a numerical format
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interpretable by the algorithm. Deep learning is often used to
recognize patterns in complex datasets that can subsequently
be used by (supervised) machinelearning models, for example,
using clusters of a disease as outcome variables. In some
experiments, deep learning methods have been shown to have
superior prediction accuracy compared with other methods[15].
With EHRs as input, deep learning can improve prediction
performance in modeling tasks that can be used for CDS[16].
Deep nets have, for example, already been proven useful in the
computer-aided assessment and interpretation of medical images
[4]. However, the rule of thumb garbagein is garbage out also
applies when it comes to deep learning. If death isincluded in
amodel to predict readmission, it will probably come up asthe
most predictive variable, yet this might not be the actionable
insight a health care professiona is looking for. Guidance of
health care professionals is needed when applying machine
learning in the medical field.

Modeling Characteristics

Although all models remain specific for a given question (eg,
what decision to support), building aCDS system isnot astatic
process. It often includes rounds of major and minor changes
of variables included and agorithmic fine-tuning. Moreover,
some algorithmsare never really finished. Thesealgorithmsare
caled self-learning and are designed to incorporate newly
acquired data over time into their modeling processes. One of
the reasons one may want to adapt an algorithm is spurious
associations. Agnostic analyses that do not incorporate current
understanding are prone to implement clinically irrelevant or
even false associationswith potentially del eterious consequences
[17]. Outcomes of CDS models, therefore, need critical appraisa
from experts regularly [17,18].

As health care professionals are responsible for the decisions
they make, they highly value transparency of amodel’sdecision
processand its development [19]. Whether or not the respective
variables are shared with the health care professionals can be
up for debate, as sharing of certain variables may lead to
undesirable side effects. For example, an algorithm that states
that a certain keyword in a patient history carries value as a
warning, one may not want the health care professional to know
this keyword to prevent it from being stated just to indicate a
warning. A CDS system can betransparent to agreater or lesser
extent. A CDS system that contains an algorithm that is too
complex to comprehend can result in a so-called black box
situation, where it is difficult or even impossible for a human
brain to understand how the prediction model works. This
renders validation of these black box algorithms extremely
important. Unfortunately, thereis atrade-off between attainable
model complexity and model interpretability [20]. The
opportunities that more complex models may provide should
not be underestimated. To fully benefit from complex data and
incorporate it into clinical practice, health care professionals
may need to accept that the ultimate goa of thoroughly clinicaly
validated predictive models in CDS systems may not be to be
fully and completely interpretable or transparent but rather to
be useful to a clinical purpose and influence patient outcomes.
The process of model development, including choices that are
made based on expert knowledge of both heath care
professional and data scientist, should always be as transparent
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as possible for al parties involved. Transparency of the
development process may ultimately be critical for acceptance
of CDS systemsin clinical practice.

Moreover, depending on the complexity of the agorithm,
internal (ie, on the same data) and externa (ie, on other data)
validation steps are vital before patients are exposed to the
output. To what extent CDS systems need to be assessed as
medical devices, according to their intended use, is till up for
debate[21,22]. If-then CDS systems and CDS systems written
to combine data into a visually attractive interface may be
excluded from extensive clinical research but till need quality
checks, regular revisiting of the algorithm, and piloting in
clinical practiceto ensuretheright information is displayed for
the right patient (does the algorithm take the most recent value
from the table and did column names change). Furthermore,
scientific evidence on validity and added value of the CDS
system likely increases its use by health care professionals.
Fortunately, such research is currently gaining traction in the
medical community [23].

Decision Support

Implementation and use of a CDS system consist of multiple
steps, including presenting the algorithm output in a specific
way, interpretation by the health care professional, and
eventually, the medical decision that is made. A CDS system
isnot abare model producing just an output (eg, 65%). Almost
always, it contains some level of interpretation. For example,
laboratory measurements are often displayed in black, red, or
blue to indicate whether they fall within or are higher/lower
than areference range. Risk percentages may be accompanied
by atraffic light coloring scheme, indicating risk compared with
a standard disease course. These manners of presentation (eg,
how to report variables and what kind of user interface) are
probably the most intuitive place to integrate the expert
knowledge of a health care professional. Indeed, heath care
professionals and patients are often included in the user
experience or user interface design phases to discuss
implementation. However, thisis frequently perceived too late
in the CDS development process, and therefore, may yield an
opposite effect.

Furthermore, model results have to be interpreted in a specific
medical context before the CDS system can provide the actual
tailored CDS and lead to action. Thisstepisusually supervised
by health care professionals. For instance, a cardiologist will
double check the automated interpretation of the
electrocardiogram (ECG) machine, and it isvery likely that an
eye specialist will supervise Google’s new diabetic retinopathy
algorithm before any treatment is started [4]. Supervision of
interpretation does not necessarily need a thorough
understanding of the algorithm itself. Rather, it is the human
intervention of integrating the contextual knowledge of the
health care professiona and, even more importantly, the
patient’s wishes, before acting upon the algorithm’s output.

Most CDS systems do not (yet) act autonomously, so they need
the attention of a health care professional to be effective. The
highly technologically supported intensive care units provide
ample evidence that getting the attention of a health care
professional can be a challenge, as too many alarms can lead
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to alarm fatigue. Tweaking alert settingson anindividual patient
basis to make them meaningful as opposed to being perceived
as a nuisance has been shown to improve compliancein critical
care [11]. Incorporation of the multitude of emerging CDS
systemsinto clinical practice needs streamlining and thorough
knowledge of the medical process. Health care professionals
should take initiative to lead interprofessional teams, deciding
how and when to report CDS.

Unfortunately, systematic scientific evidence outlining what
requirements a useful CDS system should meet is missing [24]
and has been replaced by more or less anecdotic or empirical
recommendations for many years. The Ten Commandments of
Clinical Decision Support [25] listsfactors as speed, anticipation
of information need, integration into the workflow, or general
ease-of-use type of advicein alerts. Moreover, negative advice,
for example, an advice not to perform or order aparticular test,
is rarely accepted when no aternative is suggested, and the
method of aert presentation has been found to be crucial to alert
compliance [26].

Although such experience-based recommendations remain
useful, the most important evidencefor the usefulnessof aCDS
system that will influence acceptation by heath care
professionals will be its ability to influence clinical outcomes.
Unfortunately, the evidence for CDS systems frequently
purported advantages over old-fashioned clinical decision in
improving clinical outcome, workload, and economic cost is
scarce. However, CDS systems have been shown to improve
health care processes and are the best way to decrease
unnecessary clinical testing [27].

Acceptation of CDS by health care professionals depends on
the degree to which they feel autonomous in their decision
making. Rather than choosing colorsfor auser interface, being
part of the development process, identifying the appropriate
data, discussing model design, and validation may help health
care professionals to feel in control in the midst of forces that
are transforming daily clinical practice. A supportive
organization with inspiring leadership encouraging invol vement
of health care professionalsin the devel opment of CDS systems
stimul ates this transformation.

Discussion

With the rise of machine learning, and especially deep learning
in CDS systems, it isperhapstempting to let IT and dataexperts
build CDS systems, redirecting health care professionals to
merely gathering data. However, we have shown that human(e)
health care professionals are still of paramount importance, as
all phases of development and use of a CDS system requires
the extensive expert knowledge of health care professionals.
Health care professionals should not just be involved in
implementing the CDS system into clinical practice but should
be part of aninterprofessional CDS devel opment team from the
start, initiating and guiding development through clinical
demand and expert knowledge. They bring in the clinical
decision they want the CDS system to support and help to
understand the context in which variables are collected during
routine care. Their interpretation is vital in extracting relevant
variables from raw data and in avoiding the implementation of
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spuriousassociationsin CDS systems. Moreover, ashealth care
professionals want the best for their patients, they may even
develop a sense of moral obligation to embrace strategies that
unravel data complexities beyond their comprehension, as
relying on methodsthat do not usethe datato their full potential
leads to potentially unused value for their patients. At the same
time, both data scientists and health care professionals should
be aert to cognitive biases provided by pre-existing expert
knowledge. Indeed, interprofessional CDS devel opment teams
should be asinclusive as possible, asthe values and preferences
of the people involved influence the underlying model [28].

The hallmark of biology, variahility, is complex to capture in
a static algorithm, and a medical decision is not based on
objective single data points but on subjective, context-sensitive
longitudinal observations made by health care professionals
during patient contact. This has consequencesfor the acceptance
of autonomous CDS systems. Single measurements are not
likely to lead to an acceptable autonomous action by a CDS
system except for when doing nothing is likely to cause more
harm (eg, an automated defibrillator that decideswhether electric
cardioversion isindicated based on ECG input and applies the
appropriate therapy itself). Other accepted autonomous CDS
systems, such as pacemakers or insulin pumps, gather
continuous data, and thereby, learn and improve their efficacy
for the individual patient. As longitudina data collected by
sensors inside and outside the hospital are becoming more
ubiquitous, the value and applicability of accepted autonomous
CDS systems enriched with these data are likely to improve.
Still, the decision to implement a pacemaker and monitoring
and twesaking its action and settings during follow-up are a
doctor’s job, including contextual expert knowledge and the
patient’s own preferences into the CDS system. Therefore,
clinical reasoning isunlikely to ever be completely replaced by
fully automated decision making through machine learning
without human intervention. Even when expert knowledge is
already embedded in medical data, and when the CDS system
isclinically validated, the need for health care professionalsto
navigate the intricacies of incorporating expert knowledge in
the ultimate clinical decision must not be underestimated. This
includes implicit knowledge or gut feeling for which
computability islimited [29]. Moreover, thefinal decision (how)
to use the CDS is up to the health care professional and their
patient.

Therefore, most CDS systems do not aim to replace health care
professionals but are designed to support them. For example,
therecent algorithmsin the field of medical imaging preprocess
data and take over tedious and simple tasks so that radiol ogists
and pathol ogists can focus on more complex cases, acting more
creatively. Given the recent developments in data protection
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regulations, health care professionals cannot easily be replaced
by Al. The European General Data Protection Regul ations state
“The data subject shall have the right not to be subject to a
decision based solely on automated processing, including
profiling, which produces legal effects concerning him or her
or similarly significantly affects him or her.” This regulation
appears tailored to the medical profession. Health care
professionals (but basically everybody processing data) have a
responsibility to guard their patients against irresponsible
implementation of data-driven technologies. This especially
holds true for self-learning algorithms that self-adapt to the
patient population without human intervention, which may
autonomously change considerably over time (so-called
algorithmic drift). What is the meaning of human intervention
inthis sense, if the health care professional hasno insight at all
into the opaque model? In this light, how can health care
professionals still justify their actions? How does thistranslate
to accountability?

Importantly, the decision of how to respond to a CDS system
isamoral one, and moral considerationsregarding when to treat
or not to treat are the expertise of human beings rather than that
of Al systems. A CDS system cannot decide whether primum
non nocere appliesto a specific situation as harm and good and
quality of life depend on personal judgement, context, and
preferences of human beings. Some patients may be willing to
take arisk that otherswould not, including application of aCDS
system with a black box algorithm to their specific case. This
way, cultural difference may indicate the need for localy
tweaked systems. People, whether patients or their loved ones,
should participate in shared decision making, tailoring the usage
and outcomes of CDS systemsto their wishes. What is best for
the patient depends on more than just the output of a CDS
system.

In conclusion, it is of paramount importance that health care
professionals initiate and guide the development and
implementation of CDSin clinical care, as opposed to waiting
to be overwhelmed by current technological advancements.
Most data scientists are not medical experts, and vice versa.
Therefore, data scientists and health care professional s should
team up in an interprofessional fashion, preferably alsoincluding
patients. Data scientists who enthusiastically welcome recent
innovations in Al pose a bold claim and carry the burden of
proof to equip health care with suitable CDStools. Once health
care professional s can be convinced of the added benefit of CDS
for their patients, they may acknowledge the necessity and value
of data collection, interpretation, and curation, so they may
embrace their expanding role and further evolve from doctor
knows best to doctor does best.
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Multimedia Appendix 1
This table shows a number of indicative characteristics of the Utrecht Patient Oriented Database (UPOD) as of February 2018.
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Abstract

Social media interventions are a growing area of internet research, particularly for adolescent health. Researchers developing
social media intervention approaches face the task of selecting a social media platform for their intervention. In this paper, we
present the theoretical framework of affordancesto help guide social mediaplatform selection for intervention research. Affordances
are aconcept often used in fields associated with design and by those systematically studying the impact of a design of an object.
Thus, the affordances approach is often used by those considering the impact of information technology and the design of social
media platforms. Affordances are often described as properties of artifacts that can be recognized by users and contribute to their
function or items that present an action possibility. We describe common affordances that can be applied to intervention design
as well as current evidence and an intervention case example for each affordance. A scientific approach for the selection of the
appropriate social mediaplatform for agiven intervention isan important research priority to advance thefield of internet research.

(J Med Internet Res 2019;21(3):€11014) doi:10.2196/11014
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Introduction

Background

Social media interventions are a growing area of internet
research. This trend is illustrated by the growing number of
systematic reviews examining social mediainterventions across
different health topicsincluding chronic illness and behavioral
risk [1-3]. Social mediaasaplatform for interventionstargeting
adolescents has technol ogical benefitsincluding ease of scaling
up an intervention to reach large numbers of participants.
Furthermore, socia media has developmental salience for the
adolescent population. Over 90% of adolescents report going
on the Web every day, and almost a quarter of teens report that
they go on the Web “amost constantly [4].” Adolescents have
been dubbed digital natives given that they have grown up with
access to computers and the internet from an early age [5].

http://www.jmir.org/2019/3/€11014/

Adolescents typically maintain a “social media portfolio” by
using a number of different platforms including Facebook,
Instagram, and Tumblr [4].

Researchersinterested in socia mediaintervention approaches
are faced with many tasks in the design of an intervention
including theoretical or clinical grounding, selecting an
appropriate target population, and defining appropriate outcome
measures. For asocial mediaintervention, an important task is
selecting a social media platform for the intervention. If
investigatorsrely on familiarity with or popularity of aplatform,
these selection criteria lack scientific grounding and may
introduce bias in study design. In this paper, we present a
theoretical framework to help guide socia media platform
selection for intervention research. The goal of this framework
is to increase the likelihood that the success of interventions
hinges on replicable technological qualities as opposed to
personal preferences or other spurious considerations. This
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paper is aligned with recent calls for more availability of
information on processes and mechanisms to understand what
makes Web intervention approaches feasible and effective [6].
Wewill first define our approach using aff ordances and describe
a methodological approach for incorporating 4 common
affordances into intervention design. Within each affordance
section, we will include relevant evidence and a hypothetical
case scenario. An evidence-based approach for the selection of
the appropriate social media platform for a given intervention
is thus an important research priority to advance the field of
internet research.

Affordances Defined

Affordances are a concept often used in fields associated with
design and by those systematically studying the impact of a
design of an object. Thus, the affordances approach is often
used by those considering theimpact of information technology
and the design of social mediaplatforms. Affordancesare often
described as properties of artifacts that can be recognized by
users and contribute to their function [7] or items that present
an action possibility [8]. Perceived affordances can also be
conceptualized as* design aspects of objectsthat suggest to the
user how the object should be used [7].” These definitions can
feel somewhat opague; however, a simple example of an
affordance is that the design elements of a chair suggest to a
person that the object could be used for sitting. A chair has 4
legs, a flat platform, and a straight back; these design
affordances support theideaof achair being an object designed
for sitting. Importantly, although an individual’s goal or desire
may change, an affordance does not evolve [9].

Given the rapid evolution of computer-mediated environments,
many fields that study outcomes associated with this context
have pushed researchers to utilize this framework for the sake
of developing lasting and generalizable theory. Several scientific
fields and disciplines have moved to discuss or encouraged the
move to discuss technology not in terms of specific
communication platforms but rather in terms of the affordances.
These fieldsinclude management science [10], communication
theory [11], education research [12], design research [13],
information technology [14], organizational research [15], and
tourism and marketing research [16]. The initiative is also
present in clinical research as previous work has incorporated
affordancesrelated to utilizing social mediato manage chronic
disease [17]. Just as observational research benefits from
enhanced clarity and meaning from the affordance framework
[18], itislikely that intervention research will benefit as well.

Benefitsto an Affordance Approach in Social Media
I ntervention Research

There are several benefits to the application of the affordance
approach for intervention design. First, an affordance approach
provides a scientific framework for the selection of a social
media platform. With this approach, a researcher can identify
the necessary functionalities of an intervention such as key
functions the platform should have or critical constructs linked
to the behavioral or heath-related theory that inform the
intervention. These functions and constructs can then be used
to match to the affordances of asocial media platform. Second,
this approach goes beyond the selection of interventions on the
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basis of the popularity of platforms. Given that the popularity
of platforms can change, a public perception that social media
is always changing is a concern that scientists may encounter.
With an affordance approach, a scientist can describe the
affordances needed for intervention and thus present potential
platforms that would meet these criteria rather than relying on
a single platform. If a successful intervention sees decline
because a platform is losing popularity or becoming obsolete,
anintervention designed around affordances can identify another
platform that fits (or even design one). Finally, an affordance
approach takes a step beyond the brand name approach of
selection of social media platforms and changes the dialogue
to be more closely linked to theory and technical function.

Affordances to Consider in Intervention
Design

Among the many affordances described in the literature, we
will focus on 5 affordances that apply to social media. In what
follows, we will describe the affordance category, provide
evidence of how that particular technological affordance has
been linked to psychological or behavioral change, and illustrate
an intervention design targeted at an adol escent popul ation.

I dentity Affordances

Definition

The first category of affordances of social media is identity
affordances. | dentity affordancesinclude opportunities on social
media platforms for identity development and portrayal. An
example of ahigh-identity affordance platform is Facebook, on
which users can upload a profile picture to identify themselves,
list their “likes,” and share “life events.” Identity is further
emphasized by the expectation on Facebook to use one’s red
name (or a version of it). In contrast, Reddit is a low-identity
social media platform on which users are typically identified
by a chosen username. Furthermore, the emphasis on Reddit is
more on what content a user contributesto group conversations
rather than the personal identity of who posts.

It has been proposed that social media platforms that require
fewer identity clues can allow users to take on new identities
within different Web-based conversations, sometimes called
generative role taking [19]. For example, an overweight teen
working to become more physically active could create a new
Twitter account called @TeenWhoLovesToRun dedicated to
that identity. It is important to note that an extreme of this
generativerole-taking is represented by social mediaplatforms
on which users are anonymous, such as YikYak (shut down in
2017), and on which users could post with complete anonymity.
A risk of fewer identity clues can lead to users taking on roles
that are more dangerous, such as being aggressive, trolling, or
bullying others.

Platformsthat allow usersto develop their identity may present
benefits to adolescents in being able to explore and experiment
with their identities, a critical developmental task of
adolescence. However, by enhancing one's own identity
presence on a site, there are also risks of being identified by
strangers. Thus, identity should be balanced with whether the
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site allows users to establish privacy settings. This attention to
privacy may be more salient for interventionsthat involveillegal
or stigmatizing behaviors such as substance use or mental health
conditions. A balance of identity development and privacy
protection is essential.

Evidence

The effectiveness of utilizing social mediato help individuals
shift identity or self-concept has been well established in
experimental and observational settings. For example, when
individuals were asked to present themselves as more
extraverted on the Web, they, in turn, perceived themselves as
more extraverted [ 20]. Furthermore, individual s asked to present
themselves on the Web as loyal to a particular brand positively
increased attitude toward that brand [21]. Finally, couples who
post more relationship-related material on Facebook (thus
cultivating acertain relationship identity on the Web) were more
likely to still be together after 6 months [22]. Hence, there is
empirical evidence to suggest that designing interventions on
the basis of the ability of a platform to allow users to portray
different aspects of identity can lead to positive change.

A Hypothetical | ntervention

A socia media intervention was being designed to promote
physical activity among overweight adolescents. The
intervention was intended to deliver positive messages to
adolescents. The messageswere designed to promote reflection
on participants' own skills and strengths to shift their view of
themselves as active and fit, as well as providing prompts to
engage in physical activity. The primary behavioral theory
informing the intervention, which served as the root of the
messages, was Self-Determination Theory [23]. In addition,
findings of identity shift [20,24], the notion that individuals can
internalize qualities that they present on the Web, supported
this line of intervention. Thus, this intervention relied on the
use of asocial mediaplatform that allowed identity affordances.

The researchers determined that low-identity affordance
platforms such as Reddit and Twitter may not be the best fit for
thisintervention and considered the higher-identity affordance
platforms of Instagram or Facebook. Theintervention was then
designed to take place on Facebook and include Facebook
Badges and content that teens could incorporate into their own
profiles. The rationale for the Facebook Badges approach was
to allow teensto take salient i ntervention messages and integrate
them into their own digital identities on Facebook.

Social Affordances

Definition

Given the interactive nature of social media, it is no surprise
that most social mediaplatformsoffer many socia affordances.
Social affordancesinclude asense of belongin g to agroup such
as a group focused on a particular interest, experience, social
group, or religion [25]. Some social media platforms provide
specific tools that allow the user to identify members of their
group and enhance afeeling of belonging, such astagging [26].
Hashtags (ie, content labeled with a# sign) are commonly used

on Twitter and Instagram and can enhance belonging. When
content is labeled with a hashtag, it is connected to all other
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content on that site that has also been labeled in that way. Thus,
ahashtag can allow the creation of acommunity of usersacross
different social networks who are connected by use of a
particular topic or term. Any user on a platform can search by
a hashtag and be connected to all content by others using that
hashtag; thus, a community of those using that particular word
or phrase can be connected. A positive example of belonging
isteen cancer survivorswho use a particular hashtag to connect
to other teen survivors nationally to provide support and share
similar experiences. Furthermore, social media may promote
networ k-infor med associations such aswhen Facebook suggests
friendsfor auser on the basis of the user’sfriends’ friends. This
allows users to see how friends are connected to other people
and see their interests [19].

An important task for adolescents to learn within the socia
media setting is how much information to share. A previous
study found that intimate disclosures shared publicly can be
judged as inappropriate [27]. Users must thus engage in
audience management by monitoring and checking what
audienceisreceiving their messages. Thiscanimpact how much
personal information a teen is willing to share within a
group-based intervention such as one using private Facebook
groups. At the same time, users must also come to realize that
their audience may not be exactly who they imagine it to be
[28]. Assuming an audience different than one actually finds
on socia media may have unique psychological or social
consequences. Finally, social media allows teensto experience
and participate in metavoicing [19]. This term refers to how a
social mediauser who posts anything in social mediaisengaging
in alarger context including other people's presence, profiles,
content, and activities. Thus, an adolescent posting on Twitter
isnot merely voicing asingle opinion but contributing to content
that is aready in that space and connected to others.

Evidence

Theuse of socia affordancesin health interventions specifically
designed around this notion has already been shown to be
effective in several areas. In a previous intervention, patients
with non—small cell lung cancer who partook in an online
support group, as opposed to those who only had access to
internet articles, experienced fewer symptoms of distress[29].
Another intervention found that newly diagnosed breast cancer
patients who received support from breast cancer survivorsin
an online forum reported improved quality of life and decreased
depression [30]. Study trials are being designed to create
Web-based portals for older adults who often suffer from
isolation; early findings have demonstrated potential benefits
[31]. Although not al researchers can design their own
Web-based portal, this affordance can be utilized asit existson
already popular social mediawebsites.

A Hypothetical | ntervention

A social media intervention was designed to promote social
support among teens with depression. The intervention was
designed to promote peer-to-peer support among teens with
depression, as peer support has received strong evidence as an
effectiveintervention [32]. Thus, socid affordancesthat promote
peer-to-peer communication were apriority. Furthermore, pilot
testing with teens led to the feedback that the socia
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communication needed to be in private settings. The rationale
for the platform selected was to utilize private groups in a
platform that teens already visited.

Given that theteensalready utilized Reddit, researchers decided
to implement this intervention as a private group on Reddit. In
addition to aready being utilized by the participants, the
platform had added affordances. There was no identity
requirement for this platform, enabling participants to
comfortably disclose more of their thoughts and feelings. The
functional affordances of this message board allowed for the
construction of messages at a time and rate that were
comfortable to the participants.

In carefully analyzing the platform according to the affordance
framework, the researchers realized that Reddit offers 1
emotional affordance that may be less beneficial: the ability to
upvote and downvote messages. However, moderators of a
given message board, the position that the intervention leaders
will act in, have the ability to remove the ability of board
members to downvote messages. By taking this action, the
intervention platform was adjusted so that posts could only
receive positive feedback.

Cognitive Affordances

Definition

Cognitive affordancesinclude using social mediatoolsto expand
on€e'slearning. Examples may includeincreasing awareness of
global news events using Twitter or learning a new strength
training exercise on YouTube. These affordances may be
particularly useful for adolescents who may not traditionally
get exposed to thisinformation offline[7]. Cognitive affordances

may also include the opportunity for enhanced creativity, such
ason platforms such as Tumblr that allow customizable content.

Social mediacan also allow reallocation of cognitive resources
by alowing auser to focuson 1 aspect of aperson’s presentation
at atime versus the many cognitive cues that emerge during a
face-to-face conversation with a person. Faceto-face
communication requires an adolescent to be cognizant of the
complex interplay of words, tone, facial expression, and body
language. In contrast, social mediatools allow more simplified
communication venues, such as Facebook messaging, whichis
text-only against a background of personal information. This
type of communi cation requiresfewer cognitive inputsand may
be easier for some teens, but it can also lead to the potential for
misinterpretation of information. For example, interventions
that include humor or sarcasm in messaging may be at risk for
misinterpretation without voice or visual cues. As a
developmental task of adolescence is learning how to develop
skills in communication, these tools may both help and hinder
an adolescent’s journey.

Another cognitive affordance of many social media platforms
is triggered attending. Triggered attending involves rejoining
a Web-based conversation or responding to content when an
automated alert informsthe user to do so0 [19]. Examplesinclude
setting mobile phone aerts to trigger when specific users or
friends post content. Thistriggered attending may be helpful to
reengage adolescents at different stages of an intervention, but
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it could also be disruptive to adolescents who are engaged in
other activities such as homework or driving.

Evidence

Similar to utilizing the social aspect of the internet and social
media, the cognitive aff ordances of social mediahave begun to
show promise. At the most fundamental level, social mediahas
been shown to support informal learning at home [33], as well
as be a source for those who seek health information on the
Web [34,35]. More dynamically, aspects such asthereall ocation
of cognitive resources have been shown to allow usersto reduce
social anxiety associated with interpersonal interaction [36,37].
This reallocation can alow users to potentially present their
best possible self, leading to more reciprocal self-disclosure
and more intimate Web-based relationships [38]. Triggered
attending was well documented in cell phone-based
interventions, where the evidence can be simply expressed in
the form of text message (short message service, SMS)
reminders regarding patient appointments [39]. Given that
mobile phones now produce notifications for social media in
just as noticeable afashion as SM S text messages, social media
interventions are likely to benefit from such an affordance.

A Hypothetical | ntervention

A social mediaintervention was designed to promote teaching
of diabetes management skills among newly diagnosed
adolescents. A rich media platform for teaching and a high
cognitive affordances approach was a priority for the research
team. The team determined that video was the best medium to
teach basic skills, as evidence suggests that video is more
efficient than text-based e-learning for practical or procedural
skills sets[40]. Researchersworked with teensto create aprivate
YouTube channel and new YouTube accounts for participants
inthe study asidentity affordances were not critical to the study
design. The research team was able to share videos to teach
diabetes management skills, and participants were able to ask
guestions within the YouTube channel. Participants were aso
invited to exercise creativity and create their own teaching
content to share on the private channel.

Even if participants were not inclined to create their own
content, the functional affordances of this domain offered other
routes to participation. Specifically, YouTube allows for the
cultivation of video lists on profiles. Hence, participants were
encouraged to cultivate alist of nutrition-related videoson each
profile. This enabled 2 positive outcomes. First, participants
and moderators were able to discuss the merits (or flaws) of
each video to enhance the media and nutritional literacy of
participants. Second, libraries of helpful videos were created
for the participants to reference over time.

Emational Affordances

Definition

Emotional affordances include attributes of social media that
can trigger or stimulate users' emotional reactions [7]. For
example, many platforms alow users to express emotion via

the capacity to like or didlike content such as the “favorite”
function on Twitter or “upvoting” or “downvoting” on Reddit.

JMed Internet Res 2019 | vol. 21 | iss. 3 | 11014 | p.18
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Emotional affordances can a so include generating empathy by
seeing personal photographs or names a ongside messages or
news stories. It is common to see fund-raising efforts on social
media that capitalize on emotional affordances by providing
photos and personal stories. Research groups may seek to engage
participants by sharing personal information about the
researchersor providing photos of the research team. In contrast,
another affordance of social media is comparison. Previous
studies have illustrated that by examining other people’s social
mediaprofiles, usersare at risk of feeling inadequate or envious
[41].

Evidence

Relatively simple emotional affordances can prove to have
distinct emotional outcomes. For instance, receiving Facebook
likes on a post can make users feel socially supported [42], and
photographs can affect judgments of personality more so than
text in social media [43]. Moreover, experiments suggest that
individuals aready utilize socia media to manage their
emotions. when individual swereinduced into a negative mood,
they viewed social media profiles of individuals they perceived
as less physically attractive or successful (downward social
comparison) [44]. The effects of social comparison have aso
been evidenced in alab-based health intervention experiment:
individuals who received an appearance-based sun-protection
intervention that included downward social comparison (ie,
viewed photographs of individua swho had already experienced
sun damage) were associated with less sun-protective behaviors
compared with viewing the control condition. However, upward
social comparison leads to a slight increase in sun-protective
behaviors [45].

A Hypothetical | ntervention

An intervention was designed for smoking cessation for older
adolescents. The investigators wanted to share stories of older
adolescents who had successfully quit to utilize emotional
affordances to motivate and connect to participants. The
investigators built ablog using ablogging website and promoted
content vialnstagram. A critical component of how content was
shared with participants on Instagram wasto use personal photos
of each new blogger.

This intervention was grounded in notions of homophile, as
people are more likely to adopt health advice offered by similar
others [46]. Photographs were crucial for generating the
emotional connection as photographs can have agreater impact
on thejudgment of atarget than textual information [43]. Hence,
it was uniquely catching for participants to see a picture of
someone just like them who had successfully quit smoking.

Functional Affordances

Definition

Functional affordances are principal functions that affect how
social mediamessages are transmitted or saved. Although many
of these affordances describe most social media platforms, an
understanding of these affordances may be helpful for

researchers to frame the key functional design elements of the
tools needed for intervention.
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Most social mediaplatformsallow for replicability of messages,
meaning that content can be reused by others. An example is
the ability to “retweet” content on Twitter. This function can
allow interventions to deliver “booster” doses of intervention
messages by resharing previous content. Social media also
allows messages to be highly scalable; there are numerous
examples in the popular media of social media posts going
“viral” and reaching far beyond the initial intended audience.
For researchers, this can be an important consideration for
ensuring that control group participants are not exposed to
messages specific to an intervention if these are present on
public social media.

Social mediais also searchable; users can find specific content
or people using avariety of Web-based means such as hashtags.
Social mediaalso provides permanence to messages by placing
them in Web-based conversations or on profiles. Even on
platforms that are intended to be ephemeral, such as Snapchat,
content is generally stored or could be captured and saved by
others. Social media alows for unlimited composition time
before posting a message, in contrast with the back and forth
of atypical face-to-face conversation. However, not all users
utilize this affordance with every post. Finally, social media
has varying levels of the user’s ability to edit once something
is posted. Some sites alow for removal or editing of content
easily; Facebook allowsfor revising or deleting posts. However,
the speed of Twitter can lead to challenges with removing or
editing content once it has been retweeted by others. These
functions may beimportant to particul ar intervention approaches
and be incorporated as explicit toolsthat are relevant to agiven
intervention.

Evidence

The replicability of messages in social media in the form of
repeats, shares, or videos going viral isagoa of many health
interventions, but it isnot aways achieved. For example, Twitter
has been shown to be an effective means of recruitment for
health research when a message is successfully retweeted by
others [47]. At the same time, there is often no control over
replicability: health intervention designers cannot always get
videos to go vira as they might intend [48]. Hence, many
functional affordances need to be considered for potential
outcomes, both intended and unintended, but they are not dways
the best focus for a mechanism of change.

A Hypothetical | ntervention

An awareness-raising intervention message focused on sexually
transmitted infection testing was developed by a group of
researchers. They successfully pilot-tested the approach and
found that it increased awareness of and willingness to seek
testing in a sample of adolescents. They now want to bring the
intervention into practice and launch a social media campaign
using their messages. They leverage Twitter for theintervention,
knowing that retweets are aless-effort-intensive way to engage
participants, and ask for retweeting of the message to increase
its reach. They measure the number of likes, retweets, and
impressions for their message over a 7-day period.
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Discussion

Summary

The ever-changing landscape of social media sites can lead to
challenges for researchers to apply scientific scaffolding to
justify the selection of platforms for interventions. We present
a research priority of applying an affordance framework for
mindful and evidence-based selection of social mediaplatforms
to match intervention requirements and approaches. Asindicated
in these examples, thoughtful articulation of intervention
outcomes and assessment of platform affordances can lead to
an evidence-based selection of an ideal intervention platform,
considering the affordances of a platform can help identify
potential strengths as well as undesirable outcomes in an
intervention and offer solutions. For instance, in an example
intervention above, we identified the potential negative
outcomes of adownvote on Reddit and thus removed that option
within that particular intervention. There also exists a second
potential pathway to more effective interventions. the design
of an intervention that requires a set of affordances not yet
present in current technology. Rather than a limitation, this
represents opportunity in the area of technology. Previous
computer-mediated communication research has offered
suggestions to website designers to increase the happiness of
Web-based daters and increase the instructional efficiency of
educational technology [49], and new app developers need to
be cognizant of the affordances of the products they develop.
I dentifying a grouping of affordancesthat can be beneficia but
does not yet exist represents an opportunity for new platform
development.

Limitations

The affordances that we present here represent early efforts to
define and apply affordancesto adol escent health interventions.
Conceptualization of affordancesisan ongoing, iterative process
across many research disciplines. Eveninfieldslong interested
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in conceptualizing affordances, there is still debate around the
definition and boundaries of each affordance [11]. However,
the fact that this debate continues is evidence of the utility of
this framework. Even if not perfect, it allows for purposeful
selection and engagement across a broad and ever-evolving
technological environment. We have presented several example
interventions and named a few specific platforms as examples,
but this neither implies that we endorse those platforms nor
impliesthat all social mediaplatformsareincluded in this paper.

Furthermore, in focusing this paper on an affordance approach,
we recognize that intervention devel opment takes into account
many other factors beyond thistheoretical approach. Appropriate
targeting of a given platform to the participant group is critical.
If your target demographic does not use a particular platform,
this platform is not likely the one for your intervention.
Platforms may also need to be considered on the basis of what
behavior istargeted in the intervention and whether that behavior
isonethat isappropriate to discusson that platform. Considering
the flexibility or malleability of the platform selected is
important; platforms with shifting features could change over
the course of a study and impact results. Researchers reading
this paper will want to consider the other feasibility and
acceptability factors that they typically would in any given
intervention planning, alongside their theoretical approach.

Conclusions

Despite these limitations, the affordances approach provides a
theoretical framework for selecting intervention platforms on
the basis of specific criteriaand functions. We present aresearch
priority of applying an affordance framework for mindful
selection of socia media platforms to match intervention
requirements and approaches. Asindicated in these examples,
thoughtful articulation of intervention outcomes and assessment
of platform affordances can yield acomplementary partnership
that leads to health outcomes.
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Abstract

Being a 21st-century health care provider is extremely demanding. The growing number of chronic diseases, lack of medical
workforce, increasing amounts of administrative tasks, the cost of medical treatment, and rising life expectancy result in an
immense challenge for medical professionals. This transformation has been triggered by the growing presence of digital health.
Digital health does not only refer to technological transformation; it a so fundamentally reshapes the physician-patient relationship
and treatment circumstances. We argue that patient empowerment, the spread of digital health, the biopsychosocial-digital
approach, and the disappearance of the ivory tower of medicine lead to a new role for physicians. Digital health allows the job
of being a medical professional to become more rewarding and creative. The characteristics of a physician-as-idol could shift
from self-confident to curious, from rule follower to creative, and from lone hero to team worker. Empowered physicians
(e-physicians) can be described as “electronic,” where they use digital technologiesin their practice with ease; “enabled,” where
they are enabled by regulations and guidelines; and “empowered,” where they are empowered by technologies that support their
job and their empowered patients (e-patients). They can be described as “experts’ in the use of technologiesin their practice or
inknowing the best, most reliable, and trustworthy digital health sources and technologies. They can also be described as* engaged,”
when understanding the feelings and points of view of their patients, giving relevant feedback, and involving them throughout
thewhole healing process. The skillsand approachesthat characterizethis eraof e-physicians, such asface-to-face communication
sKills, digital literacy, interdisciplinarity, knowing where to find information, translating large amounts of data into insights for
patients, among others, should always have been at the core of practicing medicine. However, the economical, technological, and
administrative burden of the profession has not made it possible for most physicians to enjoy the benefits of their training,
individual capabilities, and creativity. By understanding how digital health technologies can support or augment their capabilities,
physicians would have the chance to practice the art of medicine like never before.

(J Med Internet Res 2019;21(3):€12490) doi:10.2196/12490

KEYWORDS
e-physician; e-patient; empowerment; doctor-patient relationship; digital health; technology

more on cooperation between physicians and patients than on
individual decisions. Physicians are pressed to integrate health
IT into their jobs, while also trying to stay up-to-date with
emerging technologies. They often have to deal with
low-quality, bugged, or inefficient software and technologies
that further decrease the amount of time they can spend with
their patients[2].

Introduction

The 21st century has brought unprecedented challenges to
medical professionals. The growing number of chronic diseases,
global doctor shortages, increasing costs of medical treatment,
and rising life expectancy all together result in an immense
challengefor medical professionals[1]. Managing and treating
theincreasing dominancy of chronic conditions started to depend
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Every second physician suffers from burnout according to a
study by the American Medical Association; several other
studies have highlighted the same observation worldwide [3,4].
The four maor causes of burnout are bureaucratic tasks,
spending too many hours at work, feeling like a cog in the
wheel, and increasing computerization of practice. Additionally,
having to balance between medically justified, economically
affordable, and morally acceptable solutionsis the trilemma of
modern medicine. Therefore, being a 21st-century health care
provider is extremely demanding.

The era of digital health, a cultural transformation that brings
disruptive technologies to both patients and health care
providers, might so far have benefited patients more than
physicians. Physiciansaretrained to act as demigodswho should
not say, “1 don’'t know,” and should have all the information at
their disposal, even when there are over 28 million medical
papers in the PubMed database. In the meantime, information,
knowledge, and technol ogieswithin theivory tower have started
to become accessible for anyone through new digital tools,
socia media, or crowdsourcing.

Assuch fundamental changes appeared only in amatter of years,
while neither regulations, medical education, nor guidelines
followed them, a fight-or-flight reaction has become common
among physicians. Thus, many of them are either reluctant to
adopt digital health or they protect the power they are used to
having [5]. Not only hasthe sheer amount of information grown,
it has also become crucial to know and be able to use even the
latest technol ogies from apps and telemedicine to health sensors
and portable diagnostic devices.

The new phenomenon we call digital health has initiated
changes in providing care and in practicing medicine. Digital
health is defined as “the cultural transformation of how
disruptive technologies that provide digital and objective data
accessibleto both health care providers and patientsleadsto an
equal-level  doctor-patient  relationship  with  shared
decison-making and the democratization of care” As
technol ogical innovations become inseparable from health care,
and as health care systems worldwide are becoming financially
unsustainable, a paradigm shift is imminent [1]. The cultural
component of this transformation implies that how the
stakeholders of health care adopt or reject new technologiesis
more dependent on the outcomes than how the technologies
progress.

In summary, using digital technology has become unavoidable
in practicing medicine, and empowered patients, also known
as e-patients, have needs that are different than what medical
education prepares physicians for. Today’s physicians are
looking for their place, authority, and function in this status
quo.

Patient Empowerment Has Been
Booming

In the second half of the 20th century, the biomedical model of
medicine has been replaced by the biopsychosocia paradigm
[6]. The biomedical modd statesthat the biological determinants
are the main causes of diseases. On the other hand, in the third
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and fourth epidemiological periods, it has become obvious that
psychological and social elements of disease are equally
important in development of diseases. We should not only seek
one cause, but also the complex interaction of predictors,
triggers, and maintaining factors.

Later, this approach has been complemented by a digital
component, thus making it the biopsychosocial-digital model.
The digital component means that the digital expansion of the
biological self, the engagement of technology, and the use of
online networks are as notable as the other biopsychosocial
factors[7].

The digital component could affect health outcomes in many
ways. For example, portable devices support management of
health and enable affordable access to people with low
socioeconomic status and/or in remote environments [8-12]. It
was shown in a systematic review that technology could also
be used to reduce the disparity in melanomaincidence, mortality
rates, and accessibility to posttreatment care management
between urban and rural or remote populations [13]. Online
socia networking has a potential effect on health, for example,
through social support; also, interactive information-sharing
has an influence on patient health and health behavior.

The story of how Dave deBronkart—otherwise known as
e-Patient Dave—used technologies to help in the treatment of
his cancer shows the contribution patients can make to the
complexities of medicine [14].

Moreover, in the 21st century, personalized medicine has
become unavoidable in treating certain conditions, such as
several types of cancer or diabetes [15,16]. The challenge is
that physicians are required to come up with solutions tailored
to each patient’s needs instead of using treatment pathways of
mass production.

Not only were physicians affected by the advent of the Internet
and new technol ogies, but these technol ogies have al so reshaped
the lives and disease management of patients from the ground
up. The e-patient movement came to life by raising issues and
challenges that medical curriculado not address. The patient’s
reaction to changes in access to information is understandably
to participate in the healing process [17].

E-patients are active in their care and demonstrate the power of
the participatory medicine model. The “€" can stand for
“electronic” (ie, uses digital technologies in their disease or
health management), “equipped” (ie, has digital health
technologiesat their disposal), “enabled” (ie, hasnewly acquired
accessto information), “ empowered” (ie, by theloss of theivory
tower), “engaged” (ie, taking an active part in their care), and
“expert” (ie, in using technologies in their care or health
management) [14,18].

We argue that patient empowerment, the spread of digital health,
the biopsychosocial-digital approach, and the disappearance of
the ivory tower of medicine lead to a new role for physicians.
Instead of key holdersto the ivory tower of medicine, they are
slowly transforming into guides for their patients in the jungle
of health care and digital information.
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We also need to emphasize that knowledge can only potentially
mean power. Therefore, it will definitely be challenging for
medical professionalsto adapt to not being an intermediary (ie,
someone who consumes information and passes it on), but to
become an apomediary (ie, someone who directs the patient to
high-quality information and services) and, thus, stop being a
prerequisite to obtaining information. This new approach also
means that patients will not be labelled as such, but will be
labelled as consumers, users, citizens, or persons who may
already use the public resources of digital health [19,20].

We also propose that it is time to empower physicians in the
same way patients have been empowered and to let them use
their unique vision, knowledge, and insights to help make the
best decisions for patients aided, not replaced, by advanced
technologies. Thus, the era of digital health not only means to
equip e-patients with information, tools, and technologies, but
also to equip empowered physicians (e-physicians) with time,
opportunity, and technologies to fulfil the modern vision of a
practicing physician. Here we discuss the potential ways of
facilitating this transition.

E-patients have become experts about their illnesses, whiletheir
chosen health care providers help them to be able to help
themselves. This has sparked new expectations from patients,
from monitoring and recording to sharing their data. As
practicing medicine becomes a collaborative process, not only
among health care professionals but also involving patients, the
features of both e-patients and e-physi cians become comparable.

The*"e” in e-physicians can a so stand for “electronic” (ie, use
digital technologiesin their practice with ease), ” equipped” (ie,
have digital health technologies at their disposal), " enabled"
(ie, by regulations and guidelines) [21,22], " empowered” (ie,
by technologies that support their jobs and their e-patients),
“engaged” (ie, need compassion and empathy to understand the
feelings and points of view of patients, give relevant feedback,
and involve them throughout the whole healing process), and
"expert” (ie, in using technologiesin their practice or know the
best, most reliable, and trustworthy digital health sources and
technologies) (see Table 1).

The doctor-patient rel ationship has been changing dueto digital
technology and the shared accessto information. Insights about
medical issues and the use of technology can now come from
both sides. They are moving toward shared decision-making,
communicating extensively, and managing health and disease
through teamwork.

Digital health further offers the opportunity to make the job of
being a medical professional rewarding and creative. While
advanced technologies such as narrow and genera artificial
intelligence might seem to threaten replacement of physicians,
they are more likely to support them and reduce the repetitive
elementsof their job that do not require the attention of ahuman
mind. Thus, by adapting to the cultural changes initiated by
digital heath technologies, the characteristics of a
physician-as-idol could shift from self-confident to curious,
from rule follower to creative, and from lone hero to team
worker (see Figure 1).
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Certain skills are therefore crucial for e-physicians of the 21st
century. Since there are more and more elderly patients
struggling with chronic and polymorbid diseases, health care
providers should be able to form an appropriate relationship
with patients. Sufficient communication skills and the
involvement of patientsin prevention and treatment will become
more important than ever. Adapting to constantly developing
technologiesisnecessary and clinical skillsshould beimproved
with that in mind. Thelocation of care has moved to the patient’s
personal space (ie, home), which has been made possible by
monitoring from afar with wearable sensors and portable
diagnostic devices, among other technologies.

With the headway of telemedicine, new skills are needed
regarding how to diagnose a patient and communicate with
them without first apersonal contact. Health care providerswill
need to be trained in such away that they can diagnose, treat,
educate, and monitor patients who are far away. A further
improvement of this is the hospital at home program, which
can alow more complicated treatments (eg, dialysis) to be
avalable in the patient’s home, thus lowering the costs of
hospital care[23].

Efficient teamwork is indispensable, since the development of
science and technology makes it practically impossible for a
healer to solve all challenges of a case on their own. As
knowledge and treatment become more globalized, international
research teams and the ability to work with clinical teams will
be necessary [24].

Technol ogy-focused professional s are also becoming a part of
the team. New health care-related professions are going to
emerge, such as clinical data scientists, medical software
engineers, or digital medicine specialists[25].

The skills of managing, protecting, and orienting within datasets
will also become irreplaceable. An e-physician will need to
handletheinformation at handin acritical and selective manner.
The 21st-century healer will have to redize the ethica
challenges created by digital health. For example, the way
health-related data is collected, stored, accessed, and shared is
an enormous privacy issue [24].

Thereare major factorsthat facilitate the transition of physicians
from demigodsto guideswho enjoy their jobs. Examplesinclude
meaningful incentives proposed by hospitals, policy makers,
and payers; a well-designed medical curriculum, including
postgraduate education skills relevant to teaching; the wider
availability of technol ogies; useful recommendationsfrom peers,
a rising number of evidence-based papers and guidelines;
technologies that help save time and effort; and, generally, a
good experience with e-patients [26-34] (see Textbox 1).

Among the many skills mentioned above, there are three
cornerstones to this phenomenon that each e-physician should
takeinto consideration: (1) the e-physician phenomenon means
knowledge of, and positive attitude toward, digital technologies;
(2) the e-physician phenomenon means the doctor-patient
relationship will transition into a partnership; and (3) the
e-physician phenomenon means that compassionate healing
must remain the fundamental basis of health care.
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Table 1. Summary of features of patient and medical professional empowerment.

Feature Patient Medical professional

Electronic Uses digital technologiesin their disease or health management  Uses digital technologiesin their practice with ease

Equipped Has digital health technologies at their disposal Has digital health technologies at their disposal

Enabled Enabled by their newly acquired access to information Enabled by regulations and guidelines

Empowered Empowered by the loss of the ivory tower Empowered by technologies that support their job and e-patients

Engaged Taking an active part in their care Needs compassion and empathy to understand the feelings and
points of view of patients, involving them throughout the whole
healing process

Expert Expert inthe use of technologiesin their care or health management  Expert in the use of technologiesin their practice

Figure 1. Schematic view of the approaches, skills, and features of an empowered physician (e-physician).
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Textbox 1. Summary of potential benefits and barriers of digital health adoption in medical practice, as well as potential actionable steps to address
those barriers.

Potential benefits for physicians of digital health adoption:

Improves treatment efficiency

Savestime

Increases patient satisfaction

Increases patient safety

Improves diagnostic ability

Improves daily productivity

Improves physician-patient relationship and communication
Improves interpersonal communication with colleagues

Can ease the burden of routine check-ups for chronic patients

Cost-savings for the medical practice

External and internal barriersto digital health adoption:

Lack of time

Increasing workload

Lack of resources and financial difficulties

Lack of reimbursements

Lack of knowledge about digital health technologies

Lack of trained medical staff

Increase in misuse and misunderstanding of digital health technologies by patients
A rise of overdiagnosis

An increase in health disparities due to limited health literacy
Increased administrative tasks

Troubled patient data privacy and security

Resistance from physicians (eg, losing control)

A work culture refusing innovation

Potential actionable steps to address barriers to digital health adoption:

Evidence-based digital health solutions

Practice guidelines

Availability of special training

Support by colleagues and work environment

Improving the quality, safety, and effectiveness of digital health technologies
Facilitating laws and regulations for proper usage

Recommendations from peers

Perceived usefulness, or relative advantage, and compatibility (ie, with work process)
Ease of use and user-friendly interfaces

Incentive structures

Patients’ positive attitudes and preferences regarding digital health solutions

An innovation-oriented work culture
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The Reality Behind the Rise of
E-Physicians

At the moment, factors that prevent the transition to digital
health adoption in medical practice seem to be outweighing the
positive elements. There are only ahandful of examples where
hospitals, policy makers, and payers offer good incentives to
improve the use of meaningful technologies. Thereisaserious
lack of guidelinesand policies. Health careisacomplex system;
many disruptive technologies are still too expensive to become
widely available. In addition, there is a general reluctance of
peers to adopt digital health, and there are even patients who
do not wish to become empowered. For the above-mentioned
changes to occur, the following factors are indispensable:
strengthening professional competence and reshaping the
medical curriculum.

As KR Sethuraman stated, “The physicians of tomorrow are
taught by the teachers of today using the curriculum of the past”
[35]. Obviously, medical education must include preparation
for the digital era with evidence-based examples of curricula,
such as the course Lessons in Digital Health at Semmelweis
Medical School [36]. This is an open-access course available
worldwide and shows examples of physicians who are masters
of using digital health technologies, but only to allow themselves
more time to listen to patients discuss their health issues with
undisturbed empathy.

There are already positive examples available, as illustrated
below, about practicing physicians who embody the image of
the e-physician that this paper describes:

1. Dr Wendy Sue Swanson advocates for the use of social
media to strengthen communication between health care
providers and patients. She supports the idea that
technologies can assist patients and their families in
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becoming stewards of their own health. She a so launched
acompany to help other physicianslearn to use onlinetools
more effectively in helping patients make informed
decisions based on scientific evidence [37].

2. Dr Jay Parkinson isthefounder aprimary care practice that
also uses online tools and platforms for remote care. He
has been building services that explore what the Internet
means to health care delivery [38].

3. Dr Bryan Vartabedian is considered one of health care's
most influential voices on social technology and medicine.
Heregularly expresses hisviews on patient-centricity, while
also understanding medicine'semerging digital culture and
how new media can be leveraged by organizations and
individual stakeholders[39].

4. Dr BasBloem, aDutch professor of neurology and Director
of the Parkinson Center in Nijmegen, advocatesfor placing
patients at the center of disease and health management and
is a popular voice advocating for the use of new
technologies [40].

Such e-physicians could serve asrole modelsfor young students
who aspire to practice medicine but are afraid of the burden of
IT issues, time management, and a huge workload. The skills
and approaches that characterize this era of e-physicians, such
as faceto-face communication skills, digital literacy,
interdisciplinarity, knowing where to find information,
trandlating large amounts of data into insights for patients,
among others, should always have been at the core of practicing
medicine. However, the economical, technological, and
administrative burden of the profession has not madeit possible
for most physicians to enjoy the benefits of their training,
individual capabilities, and creativity. By understanding how
digita health technologies can support or augment their
capabilities, physicians would have the chance to practice the
art of medicine like never before.
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Abstract

Background: Internet-based cognitive behavioral therapy (I-CBT) leads to a reduction of fatigue severity and disability in
adults with chronic fatigue syndrome (CFS). However, not all patients profit and it remains unclear how 1-CBT is best embedded
in the care of CFS patients.

Objective: This study aimed to compare the efficacy of stepped care, using therapist-assisted |-CBT, followed by face-to-face
(f2f) cognitive behavioral therapy (CBT) when needed, with f2f CBT (treatment as usual [ TAU]) on fatigue severity. The secondary
aim was to investigate treatment efficiency.

Methods: A total of 363 CFS patients were randomized to 1 of the 3 treatment arms (n=121). There were 2 stepped care
conditions that differed in the therapists' feedback during I-CBT: prescheduled or on-demand. When still severely fatigued or
disabled after I-CBT, the patients were offered f2f CBT. Noninferiority of both stepped care conditions to TAU was tested using
analysis of covariance. The primary outcome was fatigue severity (Checklist Individual Strength). Disabilities (Sickness Impact
Profile -8), physical functioning (Medical Outcomes Survey Short Form-36), psychological distress (Symptom Checklist-90),
and proportion of patientswith clinically significant improvement in fatigue were the secondary outcomes. The amount of invested
therapist time was compared between stepped care and TAU. Exploratory comparisons were made between the stepped care
conditions of invested therapist time and proportion of patients who continued with f2f CBT.

Results: Noninferiority was indicated, as the upper boundary of the one-sided 98.75% ClI of the difference in the change in
fatigue severity between both forms of stepped care and TAU were below the noninferiority margin of 5.2 (4.25 and 3.81,
respectively). The between-group differences on the secondary outcomeswere also not significant (P=.11to P=.79). Both stepped
care formats required less therapist time than TAU (median 8 hours, 9 minutes and 7 hours, 25 minutes in stepped care vs 12
hoursin TAU; P<.001). The difference in therapist time between both stepped care formats was not significant. Approximately
half of the patients meeting step-up criteriafor f2f CBT after I-CBT did not continue.
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Conclusions:

Worm-Smeitink et a

Stepped care, including I-CBT followed by f2f CBT when indicated, is noninferior to TAU of f2f CBT and

requires less therapist time. I-CBT for CFS can be used as afirst step in stepped care.

Trial Registration:

Nederlands Trial Register NTR4809; http://www.trialregister.nl/trial reg/admin/rctview.asp?T C=4809

(Archived by WebCite at http://www.webcitation.org/74SWkw1V5)

(J Med Internet Res 2019;21(3):€11276) doi:10.2196/11276

KEYWORDS

eHealth; chronic fatigue syndrome; cognitive behavioral therapy; randomized controlled trial

Introduction

Chronic fatigue syndrome (CFS), sometimes referred to as
myalgic encephalomyelitis (ME), is characterized by medically
unexplained, severe, ongoing, and disabling fatigue. It is not
alleviated by rest, and according to the revised US Centers for
Disease Control (CDC) criteria from 2003, it is accompanied
by at least 4 out of the following 8 additional symptoms:
postexertional malaise, headache, unrefreshing sleep, muscle
pain, joint pain, sore throat, tender lymph nodes, and impaired
concentration or memory [1,2]. The prevalence of CFS is
estimated to be around 1% [ 3] and the prognosisis unfavorable
without treatment; the median spontaneous recovery rateis 5%
[4]. Itisunknown what causes CFS, and it iscommonly assumed
to be multifactorially determined.

Itishelpful to distinguish between precipitating and perpetuating
factors of CFS [5]. Precipitating factors might be a virus
infection or a stressful life event that triggers severe fatigue.
Perpetuating factors are thought to maintain the fatigue, even
when the precipitating factor is no longer present. According
to the cognitive behavioral model of CFS, these perpetuating
factors are behavior and beliefs [6,7]. Cognitive behavioral
therapy (CBT) aims to change these beliefs and behaviors and
is found to lead to a significant reduction of fatigue and
disability [8-10].

CBT for CFSis atime-intensive treatment, requiring 12 hours
of therapist contact on average [10]. This is a problem, as
treatment capacity islimited [11]. A possible solution is using
internet-based CBT (I-CBT). I-CBT often takes less therapist
time to deliver, increasing the number of patients that can be
treated [12-14]. I-CBT has a number of other advantages over
face-to-face (f2f) CBT. It reduces the traveling time and the
need to schedule appointments, which relieves some of the
burden of treatment for patients[13]. Thetreatment isaccessible
whenever patients want [12,13], which may be empowering
[14]. Furthermore, I-CBT might increase motivation, asit offers
awiderange of attractive audiovisual information elementsand
the possibility to receive feedback on the progress made [13].

In the past years, 1-CBT was developed for several mental
disorders and chronic medical conditions, and its efficacy has
been tested in randomized controlled trials (RCTs) [12-14].
Systematic reviews seem to indicate that guided [-CBT can
reach effect sizes equivalent to those found in f2f CBT [15,16].
However, I-CBT was not often directly compared with a more
traditional, high-intensity f2f CBT. Additionally, I-CBT is not
yet available for al medical and psychiatric conditions.

http://www.jmir.org/2019/3/e11276/

We developed |-CBT for adults with CFS and recently tested
its efficacy in an RCT. |-CBT led to areduction of fatigue and
disabilities compared with a waiting list [17]. Approximately
40% of the patients had a clinically significant and reliable
changein fatigue severity and were no longer severely fatigued
after 1-CBT. To gain more insight into the role of therapist
feedback in I-CBT, 2 delivery formats of |-CBT were tested,
which differed in therapist guidance. In the protocol-driven
feedback format, the therapists' feedback was scheduled with
preset timeintervals. Thetherapist sent remindersif the schedule
was not adhered to. In the feedback on demand format, feedback
was only given when the patient asked for it. Both the I-CBT
formats were equally effective, but the feedback-on-demand
version required significantly less therapist time[17].

It isimportant to uncover how I-CBT can best be embedded in
clinical care for CFS. The effect size of I-CBT on fatigue
severity was smaller than the effect size previously found in a
study investigating the efficacy of f2f CBT delivered in groups,
using the same treatment principles (effect sizes 0.6 and 1.1,
respectively) [17,18]. Thissuggeststhat I-CBT isless effective
than f2f CBT. A straightforward solution would be to blend
[-CBT with f2f CBT. Unfortunately, there is a lack of data to
conclude that combinations of internet-based and f2f CBT are
as effective as established f2f treatments. In addition, it is not
known what an optimal format of blending of both treatment
formats would be (eg, nonsequential vs sequentia) [19]. We
chose to embed |-CBT in a stepped care approach, as a first
step. Patients who did not profit from 1-CBT, as indicated by
severefatigue or disability still present following I-CBT, would
step up to f2f CBT. If stepped care is as effective as treatment
asusua (TAU; ie, f2f CBT), thiswould imply that I-CBT can
be used in routine clinical care for CFS. Treatment intensity
would then be decreased for the substantial group of patients
for which I-CBT suffices. Furthermore, stepped care may be
more time-€fficient than TAU, in that |ess therapist time would
be needed to deliver stepped care [20]. This could increase
cost-effectiveness.

The primary objective of this study was to determine whether
stepped care for CFS, with |-CBT as the first and f2f CBT as
the second step, would be as effective as TAU. Thisrandomized
noninferiority trial was a follow-up study of the RCT
investigating the efficacy of I-CBT for adults with CFS. All
patientswho were still severely fatigued or functionally impaired
after [-CBT or the waiting list were offered f2f CBT, resulting
in 2 stepped care conditions and 1 TAU arm. The efficacy in
reduction of fatigue and efficiency in reduction of therapist time
needed for stepped care were compared with TAU.
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Moreover, we explored the role of therapist guidancein I-CBT,
asit is not well understood how therapist feedback influences
[-CBT. Guided I-CBT was found to be more effective than
unguided I-CBT [21-23], but it isnot known how much guidance
isneeded, who needsto provide the guidance [23,24], and what
aspect of the guidance is (most) helpful [22]. In our previous
study, we found that whether therapist feedback was
prescheduled or on-demand did not influence the treatment
effect [17]. We explored in this study how therapist guidance
during I-CBT influenced the outcome of stepped care. More
specifically, (1) whether the differencein therapist time needed
between the I-CBT arms persisted in stepped care and (2)
whether the proportion of patients stepping up to f2f CBT after
I-CBT differed in both formats, as the format of therapist
feedback may influence the willingness to step up to f2f CBT.

Methods

Trial Design

This study wasregistered inthe Dutch trial register (NTR4809)
and was approved by the medical ethical committee of the
Radboud  University = Medical Center  (reference
NL42543.091.12). It was a follow-up study of an RCT testing
the efficacy of I1-CBT for CFS (NTR4013) and was designed
as a three-arm, parallel, randomized, noninferiority trial. In 2
arms, the patients received stepped care (SC) consisting of
I-CBT, either with protocol-driven feedback (SC-protocol-driven
feedback) or with feedback on demand
(SC-feedback-on-demand), followed by f2f CBT when
necessary, that is, still severely fatigued (CIS fatigue severity
>35) or disabled (SIP >700) after I-CBT. Thethird arm was f2f
CBT after avariable waiting period (TAU).

Before randomization, al patients completed a baseline
assessment (TO). Directly after randomization, the patients in
the stepped care arms started with I-CBT for a duration of 6
months. After 6 months, they completed a second assessment
(T2). If they started additional f2f CBT after T1, they were
assessed again 6 monthslater (T2). Patientsfrom the TAU group
were placed on the waiting list directly after TO, for aduration
of maximally 6 months (refer to the section Interventions), after
which they completed their T1 assessment. Directly after T1,
the f2f CBT was started. Furthermore, 6 months after T1, the
patientswere assessed again (T2). Assessmentswere web-based
guestionnaires.

Participants

Participants were all recruited from adult CFS patients
consecutively referred to a tertiary CFS treatment center at a
university hospital. They comprised the 240 participants of the
RCT testing the efficacy of 1-CBT [17] and 123 participants
additionally randomized to gain sufficient power for the primary
research question of this study. It was a closed study; only
patients referred to the treatment center could participate. All
patients were first seen by a consultant of the outpatient clinic
of the department of Internal Medicine of the hospital. The
consultant checked the medical status to confirm that patients
were sufficiently examined and if not, they examined the
patients according to the national CFS guidelines[25]. Patients
meeting CDC criteria for CFS [1,2] underwent a clinical
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assessment at the treatment center, including a structured
interview (the Mini-International Neuropsychiatric Interview
[26]), to rule out psychiatric disorders that could explain the
presence of fatigue. Comorbiditiesthat could not explain fatigue
were not exclusion criteria

Eligible patients were informed about the study and were
included after giving written informed consent. They were asked
to refrain from seeking treatment for CFS elsewhere for the
duration of the study. Inclusion criteria were being aged 18
years or above; ability to speak, read, and write Dutch; meeting
the CDC criteria, revised in 2003, for CFS [1,2]; severely
fatigued (checklist Individual strength subscale, fatigue severity
score of =35 [27]); severely disabled (Sickness Impact Profile
8, total score of =700 [28]); able to use a computer and have
access to the internet; and given written informed consent.
Exclusion criteria were being involved in a legal procedure
concerning disability/benefit claims and/or participating in other
CFSresearch [29].

I nterventions

Treatment as Usual (Direct Face-to-Face Cognitive
Behavioral Therapy)

For patientsinthe TAU group, the therapy started after awaiting
period. During the first part of the study (first 240 randomized
patients), the waiting list was 6 months for all patients. In the
second part of the study (last 123 patients), the waiting period
fluctuated depending on treatment capacity but was not longer
than 6 months. For ethical reasons, patients could start sooner
if the waiting period for routine clinical care was less than 6
months.

CBT was delivered according to atreatment protocol [30] that
was also used in previous RCTs[18,20]. The treatment aims at
changing fatigue-related beliefs and behavior. CBT starts with
educating the patients on the cognitive-behavioral model of
CFS and formulating treatment goals which, when attained,
imply recovery from CFS. Following this, the patient learnsto
adopt a regular sleep-wake cycle, with fixed bed times and
without sleep during the day. The patient is taught to shift
attention away from fatigue and to challenge unhelpful beliefs
regarding fatigue and disability. Thisis followed by a graded
activity program in which a systematic increase in physical
activity, regardless of symptoms, usually by walking or cycling,
isintroduced. Patients are encouraged to challenge dysfunctional
beliefs about symptoms and activity during the program. The
graded activity program istailored to the activity pattern of the
patient: relatively active patientslearn to spread activity evenly
first, whereas less active patients start directly with graded
activity. An actometer, a motion-sensing device, was used to
determine the activity pattern [29,31]. After the increase in
physical activity, the patients learn to use these principles to
increase mental and social activity. After the graded activity
program, the patient is taught to reach his personal goals step
by step. Finally, the patient is encouraged to experiment with
fluctuating bedtimes and activity levels and to adopt a healthy
view on normal fatigue.
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Stepped Care

The |-CBT was accessible via a website, with a username and
password that the patient received by email. Patients did not
have to pay to use the intervention, although internet access
was hot provided. Patients were not trained to use the platform
and could ask for support by email. During the f2f diagnostic
sessions, the patient had met the therapist who would deliver
thel-CBT. Both versions of I-CBT were based on the treatment
protocol for f2f CBT for CFS[17,30]. The conditions differed
in when the patient received feedback. In SC protocol-driven
feedback, during I-CBT, the therapist asked the patient to report
on the progress made, on fixed time points: weekly in the first
4 weeks and fortnightly in the following 8 weeks. From week
13, the frequency could be lowered to once every 3 weeks, if
enough progress was being made. The therapist gave feedback
via email and sent a reminder if no update was received. The
feedback was aimed at motivating the patient to put the
instructions of the intervention into practice. In the
feedback-on-demand format, patients received feedback only
when they indicated a need for advice. No reminderswere sent.

The I-CBT consisted of 7 modules. (1) In “getting started and
goal setting” psychoeducation is given, atreatment contract is
signed, and goals are set. When goals are submitted, the next 5
modules are accessible: (2) “regulate sleep-wake cycle,” (3)
“helpful beliefs about fatigue,” (4) “how to communicate with
others about CFS,” (5) “gradually increasing my activity,” and
(6) “reaching my goals step by step.” When this module is
completed, thelast module becomes accessible: (7) “evaluation
and the future” The modules are described in more detail
elsewhere [29].

Within 2 weeks after T1, patients had an f2f evaluation session
with their therapist. During thissession, it was eval uated whether
treatment goals were reached or additional f2f CBT was
indicated. Patients were offered f2f CBT after I-CBT if they
were still severely fatigued (CIS fatigue severity =35) and/or
severely disabled (SIP8 =700) and/or if not all therapy goals
were attained and the therapi st expected that additional treatment
was necessary to attain them. Thisdecision could only be made
after consultation of an experienced supervising CBT therapist
(HK). The reason for continuation was, in that case, recorded
and reported.

The additional CBT was delivered according to the treatment
protocol [30]. It evaluated which beliefs and behaviors were
already changed and consequently, which interventions were
still needed to make further progress. Therapists were trained
to encourage patients to step up when still fatigued or disabled
after I-CBT. They wereinstructed to avoid that patients conclude
that the I-CBT failed and additional f2f CBT will not lead to a
(further) reduction of symptoms. The therapists hel ped patients
appreciate what was aready achieved and clarify that the f2f
CBT istailored to what is needed to make further gains.

Therapistsin all the 3 armswere psychologists, trained in CBT
for CFS, both f2f and internet-based. Therapistsreceived weekly
group supervision during the study [29].
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M easures

Baseline Characteristics

The following patient characteristics were recorded: age, sex,
duration of symptoms, the presence of each CDC symptom,
work status, years of education followed, and the presence of
depressive symptoms above aclinical significant cutoff of 4 on
the Beck Depression Inventory, primary care version [32].
Furthermore, it was recorded whether patients met the SEID
(systemic exertion intolerance disease) criteria[33]. SEID was
recently proposed by the U.S. Ingtitute of Medicine as an
aternative to ME/CFS. SEID was met when postexertional
malaise, unrefreshing sleep, and memory/concentration problems
were al reported [33]. SEID can aso be confirmed when a
patient has orthostatic  intolerance  instead  of
memory/concentration problems, aside from severe and
persistent fatigue. However, orthostatic intolerance was not
assessed.

Primary Outcome Measure: Fatigue Severity

Fatigue severity (the primary, noninferiority outcome) was
measured with the Checklist Individua Strength (CIS) fatigue
severity subscale [27,34]. The CIS contains 20 items, Likert
scaled (from 1-7) assessing 4 aspects of fatigue. The fatigue
severity subscaleis often used asameasure of fatiguein studies
on CBT for CFS and is reliable and valid [27]. It contains 8
items, scores range from 8 (not fatigued) to 56 (severely
fatigued). A validated cutoff of 35 was used to indicate severe
fatigue [35].

Secondary Outcome Measures

Disabilities

A total score of SicknessImpact Profile 8 (SIP8; [28]) measures
disabilities at 8 domains of daily functioning. Patients can
indicate which out of 86 statements apply to their functioning
asaresult of their health status. Each statement hasaweighting
factor indicating severity [28]. The weighed total score was
used. Higher scores indicated more severe disahilities. In this
study, a total score of =700 was used as a cutoff to indicate
significant disability.

Physical Functioning

The Medical Outcome Survey Short Form-36 (SF-36; [36,37])
physical functioning subscalewas used to measure self-reported
physical functioning and ranged from O (maximum limitations)
to 100 (no limitations).

Psychological Distress

The Symptom Checklist-90 (SCL-90 [38]) total scale score
measures psychological distress with 90 items, answered on a
5-point Likert scale (range of 90-450). Higher scores indicate
more distress.

Invested Therapist Time

Therapists recorded the time needed per patient. Time spent on
[-CBT (in stepped care), on additional telephone calls or email
contact (all conditions) wererecorded in minutes. Each f2f CBT
session counted for 60 min (all conditions). In all conditions,
120 min was counted for the diagnostic assessment, consisting
of 2 sessions.
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Sample Size

Assuming a power of 0.80, a one-sided apha of .0125
(correcting for 2 comparisons), an SD of 13.6 [20], and a
noninferiority limit of 5.2 units on the CIS, 108 patients were
needed per arm. To account for an expected dropout rate of
10.7%, the sample size needed for each arm was 121, making
the total number of patients needed to 363. Therefore, 123
patients were to be randomized in addition to the 240 who were
already randomized. The dropout rate of 10.7% wasfoundin a
study investigating stepped care for CFSwith aself-help booklet
asthefirst step [20]. A one-sided interval was used, aswetested
for noninferiority. The 5.2 noninferiority marginisthe estimated
average decrease on the Cl Sfatigue severity subscale that occurs
during waiting list, which is assumed to be clinicaly
nonsignificant [39].

Randomization and Blinding

Patients were randomly allocated to 1 of the 3 conditions.
Randomization was computer-generated, in blocks of 12
patients. The randomization program was programmed by a
statistician, not involved in this study. Randomization was
performed by an administrative assistant, in the presence of the
patient and the therapist. Participants were partly blinded: they
were unaware of the existence of 2 I-CBT formats and were
told that they could either receive I-CBT followed by CBT if
needed or f2f CBT. After randomization, therapists and patients
could read the result from the computer screen: “(1) internet
therapy” and “(2) internet therapy” or “wait list.” The therapist
knew that condition“1” of I1-CBT was protocol-driven feedback
and “2" was feedback on demand.

Statistical analysis was performed on adatafile, which blinded
the researcher performing the analysisto patient and allocation
condition. Post analysis, allocation to condition was unmasked
to enable the authors to interpret the results.

Statistical Analyses

Analyses were done on the basis of intention to treat after
imputation of missing primary and secondary outcome measures
at postassessment. Postassessment was T1 for patients who
stopped after waiting list or after I-CBT and was T2 for patients
who received (additional) f2f CBT. When T2 datawere needed
but only T1 was present, postassessment scores were imputed
as well. We used multiple imputation (20 imputed data sets),
assuming that data were missing at random. All outcome
variables at postassessment were included in the imputation
model and were imputed. Baseline variables of al outcomes
were only entered as predictors for the imputation model and
were not imputed. Imputation was done in IBM SPSS version
22, aswere all statistical analyses.

Outcomes of Both Versions of Stepped Care Compared
With Direct Face-to-Face Cognitive Behavioral Therapy

To answer the primary research question, an analysis of
covariance (ANCOVA) was performed with postassessment
CIS fatigue severity score as the dependent variable, baseline
fatigue scores as covariate, and treatment condition as the fixed
factor. Noninferiority was assumed when post-treatment CIS
fatigue severity wasmaximally 5.2 points higher for either form
of stepped carein comparison with TAU [20]. Hence, the upper
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bound of the one-sided 98.75% CI of the difference between
the formats should be no larger than 5.2. To compare the effect
ondisabilities, physical functioning, and psychological distress
of stepped care and TAU, ANCOVAs were performed for
SF-36, SIP8, and SCL-90, with baseline of the dependent
variable as covariate and condition as fixed factor.

Differences in the proportion of patients with clinically
significant improvement in fatigue severity were compared with
chi-Square tests. Each stepped care group was compared with
TAU. Clinically significant improvement in fatigue severity
was assumed when there was a statistically reliable change of
>1.96 SD in combination with a CIS fatigue scores of <35 on
postassessment. The reliable change index (RCI) of the CIS
fatigue severity was calculated for each person following
Jacobson and Truax [40]. For each condition, the SD used in
the formula was the SD of the baseline CIS fatigue severity
score in the specific condition. The reliability of the CIS used
in the calculation was 0.88 [34]. An RCI larger than 1.96
indicates that with a Cl of 95%, it can be assumed that the
improvement in CIS fatigue severity represents a true change
and is not the consequence of the unreliability of the measure.

In addition, 3 sensitivity analyses were performed. First, the
noninferiority was tested, whereas missing observations on
fatigue severity were not imputed with multiple imputations
but replaced in the following manner: (1) it was hypothesized
that patients in the TAU group improved, missing scores were
replaced by the Cl Sfatigue severity score at TO minusthe mean
changein fatigue of the TAU group and (2) it was hypothesized
that patients of the stepped care groups deteriorated, scoreswere
replaced by the maximum CI S fatigue severity score. Second,
the main analysiswas repeated excluding patientswho received
CBT by telephone or email, instead of f2f. Third, the main
analysiswas repeated sel ecting only patientswho met the SEID
criteria.

Therapist Time | nvested

Therapist time of both stepped care conditions were compared
with TAU (either means with t tests or medians with
Mann-Whitney U tests, when not normally distributed). The
analysis was done with 2 selections: (1) including all patients:
patients who did not start therapy only accounted for 120 min
for the diagnostic assessment sessions, (2) including only
“starters’: for the stepped care conditions, this was defined as
having logged inthe |-CBT program for at |east threetimesand
having submitted treatment goals [29] or having started f2f
CBT. For TAU, it was defined as having received at least one
therapy session. For patients who were still in treatment at the
end of the study, the therapist time and therapy duration until
that point were used. Thiswasat least 1 year after randomization
and at least 6 months after the start of f2f CBT. In addition,
therapist time spent in both stepped care formats was compared.

Additional Effect Face-to-Face Cognitive Behavioral
Therapy After | nternet-Based Cognitive Behavioral
Therapy

For patientsin the stepped care groups who received additional
f2f CBT, whether treatment outcomes at T2 (after f2f CBT)
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differed significantly from T1 (after I-CBT) was investigated
using paired-samplest tests.

Outcome Differences Between First 240 and Last 123
Randomized Patients

This analysis compared 2 groups of patients. The first 240
randomized patients were included between April 2013 and
June 2015 [17] and the second 123 subsequently, between June
2015 and December 2016. Both took place in different
circumstances; during the second part of the study, the treatment
center was unexpectedly moved to another university medical
center, which resulted in therapist changes and increased travel
time for patients. Treatment outcome for all measures were
compared with t tests.

Results

Overview

Patients were recruited between April 2013 and December 2016
and data collection was completed in December 2017. Asshown
in the flowchart (Figure 1), out of 766 patients screened for
eligibility, 363 patients were randomly assigned to 3 treatment
arms. Of these, 7 randomized patients did not meet theinclusion
criteria, asthe number of additional CDC criteriawas less than
4.

In the TAU condition, the waiting list duration was 29 weeks
(SD 4) for thefirst part of the study and 18 weeks (SD 12) for
the second part of the study. The Spearman rank correlation
between waiting list duration and reduction of fatigue was
r=0.075, P=.50. After waiting list, 5 patients were lost to

follow-up. Moreover, 12 patients did no longer meet the step-up
criteria (severely fatigued as indicated by CIS fatigue severity
>35 and/or severely disabled indicated by SIP8>700). In
addition, 3 of them started individual CBT. Out of the remaining
104 patients, 77 started f2f CBT and 3 received CBT via
telephone/email.

In the SC-protocol-driven feedback condition, 116 out of the
121 patients started I-CBT (95.8%). At T1, 87 patients met the
step-up criteria (71.9%). Of them, 37 (43%) started f2f CBT.
Furthermore, 3 patients, who did not meet the step-up criteria,
received f2f CBT because several goals were not reached. In
addition, 1 patient received the additional CBT by telephone
and email.

In the SC feedback-on-demand condition, 113 patients started
[-CBT (93.3%). Of the 85 patients who met the step-up criteria
(70.2%), 48 (56%) started f2f CBT. Moreover, 6 patients who
did not meet the step-up criteriareceived f2f CBT because not
all treatment goals were attained.

Thedifferencein the proportion of patients meeting the step-up
criteria that did actually step up to f2f CBT between both
stepped care conditions was not significant (x?,=3.3; P=.07).
Reasons for not stepping up were registered (see Figure 1): in
the SC-protocol -driven feedback format, 29 (57%) did not want
CBT anymore (15 because of the nature of theintervention, eg,
did not want to travel, 14 could not fit f2f CBT in their lives at
that moment eg, because of pregnancy), 10 (20%) were satisfied
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with the result of 1-CBT, 8 (16%) no longer viewed CFS asthe
main problem, and 4 (8%) started treatment elsewhere. In
SC-feedback-on-demand, 22 patients (56%) did not want CBT
(17 because of the nature of the intervention and for 5t did not
fit into their lives), 9 (23%) were satisfied with the result of
[-CBT, 6 (15%) no longer viewed CFS as the main problem,
and 2 (5%) started treatment elsewhere.

At the end of the study, 1 patient was still in therapy and
completed the postassessment 6 months after the start of f2f
CBT. None of the patients were excluded from the main
analysis. Table 1 shows the baseline characteristics.

Outcomesof Stepped Care Compared With Treatment
AsUsual

Noninferiority With Respect to Effect on Fatigue Severity

Data on the primary outcome were missing for 6 patients (all
in the TAU condition). The upper boundary of the one-sided
98.75% CI of both forms of stepped care was below 5.2,
indicating noninferiority. The mean differencein fatigue severity
for the SC-protocol-driven feedback condition with TAU was
-0.04 points, the ClI upper bound was 3.81. For the
SC-feedback-on-demand condition, the difference was 0.41
points; the upper bound of the CI was 4.25.

Inal sensitivity analyses, both stepped care conditions remained
noninferior to TAU (upper boundary CI for SC-protocol-driven
feedback ranging from 3.34-3.95; upper bound CI
SC-feedback-on-demand ranging from 4.12-4.50).

Secondary Outcome Measures

There were no significant differences between either stepped
care condition or TAU for all secondary outcomes, that is, level
of disabilities (SIP8), physical functioning (SF-36 physical
functioning), and psychological distress (SCL-90). Within-group
effect sizes are provided in Table 2.

Proportion of Patients With Clinically Significant
I mprovement in Fatigue Severity

Post stepped care, 49 out of 121 (40%) patients in
SC-Protocol-driven feedback during I-CBT showed clinically
significant improvement in fatigue severity. In the TAU group,
53 out of 115 patients improved. Assuming that patients with
missing data did not improve, this was 44%. The difference

between both groups was not significant; x2(N=236)=0.7;
P=.30.

In SC-feedback-on-demand, 61 patients improved (50%). The
difference between SC-feedback-on-demand and TAU was also

not significant: x2,(N=236)=0.4; P=.51.

Therapist Time Invested

As the data on therapist time were not normally distributed,
medianswere compared with Mann-Whitney U tests (see Table
3). The intention-to-treat analysis showed that the median
therapist time invested did not differ significantly between
SC-protocol-driven feedback and TAU (U=7068.0; P=.64) and
for SC-feedback-on-demand and TAU (U=7272.5; P=.93).
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The analysis including only patients who started treatment (U=6819.5; P<.001 for SC-protocol-driven feedback and
showed different results. Median therapist time of both the U=6883.5; P<.001 for SC-feedback-on-demand).
stepped care formats differed significantly from TAU

Figure1l. CONSORT flow diagram of eligibility criteria. CBT: cognitive behavioral therapy; CDC: Centers for Disease Control and Prevention; CFS:
chronic fatigue syndrome; f2f: face-to-face; 1-CBT: internet-based cognitive behaviora therapy.

Eligible to entertrial: 766

Excluded (403):
= Declined: 172
" Did not meetinclusion criteria: 11
- Mo computerfinternet access: 7
- Unable to readfwrite Dutch: 4
" Did meet exclusion criteria; 116
- Participated in other research: 102
- Involved inlegal procedure: 14
= (Other: 104
- lmrmediate start not possible: 71
- Started directly with face-to-face CBT

because of personal situation: 16
- Mo indicaton for [I-JCBT: 17

Randomized: 363

I-CBT weith protocol-driven
feedback: 121

=4 CDC criteria: 1
did not start [-CBT: 5 [4%)

I-CBT with feedback an
demand: 121

< 4 CDC criteria: 5
did not start I-CBT: 9 [7%)

“ariable waiting list: 121

= & CDC criteria: 1

Mo additional f2f CBT: &0
" Did hot meet step-up
cHteria: 29
= Declined: 51:
- Does notwant CBT
anyrmore: 29
- fatisfied with result:

Mo additional f2f CBT: 67
" Did not meet step-up
criteria: 28
= Declined: 39:
- Does notwant CBT
anyrmore: 22

- Satisfied with result:

Mo f2f CBT 38
" Did nolonger meet
‘step-up’ criteria: 9
= Declined: 29:
- Does notwant CBT
anymore: 15
- Started treatment

10 ] for CF3 elsewhere:
- CF5 no longer main - CF$nolenger main a
problem: 8 problem: &6 - Satisfied with
- Started treatrment for - Started treatment situatian: 3
CFS elsewhere: 4 for CFS elsewhere: 2 - CF5 nolanger main
problem: 2
F2f CBT: 41 F2f CBT: 54 F2f CBT: 83

= received CBT although
Cl5<35 and $IP=700:; 3

= Received CBT by
telephonef/e-mail: 1

= received CBT although
C1%=35 and &IP<700: 5

= received CBT although
Cl15<35 and SIPS<700: 3

= Received CBT by
telephonefe-mail: 3

Intention to treat analysis: 121

Complete data CIs fatigue: 121

Intention to treat analysis: 121

Cornplete data CISs fatigue: 121

Intention to treat analysis: 121

Complete data CIs fatigue: 115
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Baseline characteristic Stepped care Treatment as usual
Protocol-driven feedback  Feedback on demand

Agein years, mean (SD) 36.6 (12.8) 37.2(12.3) 38.7 (12.5)
Female (N=121), n (%) 78 (64.5) 69 (57.0) 74 (61.2)
Paid job (N=119), n (%) 82 (68.9) 79 (65.8) 77 (64.7)
Education level in years, mean (SD) 15.4 (1.9) 14.8 (2.3) 15.7 (1.5)
Duration of complaintsin years, median (IQR? 4.0(8.0) 5.0(12.0) 6.0(9.0)
Number of CDCP symptoms, median (IQR)® 6(2) 603 6(2)
Memory and/or concentration problems (N=121), n (%) 114 (94.2) 112 (92.6) 116 (95.9)
Sore throat (N=121), n (%) 53 (43.8) 57 (47.1) 56 (46.3)
Tender lymph nodes (N=121), n (%) 49 (40.5) 61 (50.4) 52 (43.0)
Muscle pain (N=121), n (%) 91 (75.2) 97 (80.2) 99 (81.8)
Multi-joint pain (N=121), n (%) 83 (68.6) 86 (71.7) 93 (76.9)
Headaches (N=121), n (%) 91 (75.2) 94 (77.7) 85 (70.2)
Unrefreshing sleep (N=121), n (%) 119 (98.3) 114 (94.2) 119 (98.3)
Postexertional malaise (N=121), n (%) 113 (93.4) 109 (90.1) 113 (93.4)
Meeting SEIDY criteria (N=121), n (%) 89(73.6) 92 (76.0) 93(76.9)
Fatigue severity®, mean (SD) 50.8 (5.0) 50.2 (4.8) 49.7 (5.3)
Overall impairmentf, mean (SD) 1488.6 (550.1) 1534.7 (562.0) 1599.2 (589.6)
Physical functioning®, mean (SD) 62.3(20.1) 60.5 (19.4) 61.0 (20.4)
Psychological distresd’. mean (SD) 154.4 (31.8) 160.2 (37.7) 161.2 (38.0)
Clinically relevant depressive g/mptomsi (N=120), n (%) 42 (35.0) 39(32.5) 44 (37.0)j
No current psychiatric diagnosis® (N=121), n (%) 100 (83) 103 (85) 99 (82)
Any depressive disorder (N=121), n (%) 11(9) 9(7) 14(12)
Any anxiety disorder® (N=121), n (%) 1109 1109 8(7)
Other psychiatric disorder® (N=121), n (%) 1@ 1) 4(3
Paind, mean (SD) 59.3 (25.5) 59.1 (25.5) 57.7(25.2)

3 QR: interquartile range.

PCDC: Centers for Disease Control and Prevention.

®Memory and/or concentration problems were scored together, so a maximum of 8 symptoms was scored.

dSEID: systemic exertion intolerance disease.

€CI'S: Checklist Individual Strength.

fSIP8: Sickness Impact Profile.

9SF-36: Medical Outcomes Survey Short Form-36.

NSCL-90: Symptom Checklist-90.

'BDI-PC: Beck Depression Inventory-PC; total score 4.

IN=119.

KMINI: The Mini-International Neuropsychiatric Interview.
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Table 2. Treatment effects.
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Outcome measure Stepped care Treatment as usual
Protocol-driven feedback  Feedback-on-demand

CIS? fatigue severity

Pre 50.78 50.20 49.69

Post 35.60 35.68 34.94

Cohen d (95% CI)° 1.44 (1.16-1.73) 1.50 (1.21-1.79) 1.41(1.12-1.69)
SIpg°

Pre 1488.56 1534.74 1593.20

Post 822.09 797.10 961.32

Cohen d (95% CI)° 1.09 (0.82-1.36) 1.22 (0.94-1.50) 0.91 (0.65-1.18)

SF-36¢ physical functioning

Pre 62.27 60.54 60.95
Post 75.34 77.82 76.54
Cohen d (95% Cl)b 0.58 (0.33-0.84) 0.86 (0.59-1.12) 0.72 (0.46-0.98)
ScCL-90°
Pre 154.36 160.20 161.22
Post 137.69 140.79 143.65
Cohen d (95% Cl)b 0.42 (0.17-0.68) 0.46 (0.21-0.72) 0.40 (0.14-0.65)
8CI'S: Checklist Individual Strength.
bUncontrolled effect size: withi n-group effect. Cohen d=(Meangre~Meanpeg/pooled SD).
CSIP8: Sickness Impact Profile 8.
dsF-36: Medical Outcomes Survey Short Form-36.
€SCL-90: Symptom Checklist-90.
Table 3. Therapist timeinvested in total treatment in hours.
Treatment arm Intention to treat Starters only
n Mean Median Minimum-maxi- n Mean Median Minimum-maxi-
(hours) (hours) mum (hours) (hours) (hours) mum (hours)
Stepped care—protocol-driv- 121 09:10 08:00 2:55-22:20 118 09:19 08:09 2:55-22:20
en feedback
Stepped care-feedback-on- 121 08:30 06:55 2:00-21:45 117 08:42 07:25 2:00-21:45
demand
Treatment as usual 121 08:54 09:00 2:00-27:00 83 12:03 12:00 4:00-27:00

Exploratory Comparison of Both Stepped Care
Formats

The difference in time invested between both the stepped care
versions was significant when analyzing data of all patients
(U=6237.0; P=.047), but the difference failed to reach
significance when selecting only starters (U=5918.0; P=.06).
More detailed information on the therapist time is provided in
Table4. On average, in SC-protocol-driven feedback, 4:04 hours
(SD 2:20 hours) were spent on [-CBT. Moreover, 40 patients
received f2f CBT, which took an average 6:18 hours (SD 3:37
hours) per person who received it. In SC-feedback-on-demand,
2:29 hours (SD 2:28 hours) was spent on [-CBT. In addition,

http://www.jmir.org/2019/3/e11276/

RenderX

54 patientsreceived f2f CBT, which took on average 6:30 hours
(SD 4:10 hours) per patient.

Subgroup Analyses

Outcome of Face-to-Face Cognitive Behavioral Therapy
After Internet-Based Cognitive Behavioral Therapy

In total, 95 patients received f2f CBT after I-CBT. As shown
in Table 5, CIS fatigue was on average 5.6 points lower after
f2f CBT, in comparison to after I-CBT, which was a significant
change. Improvement on the SIP8 and SF-36 physical
functioning was also dstatistically significant, whereas the
SCL-90 score showed no statistically significant further
improvement.

JMed Internet Res 2019 | vol. 21 | iss. 3 | €11276 | p.40
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 4. Therapist timein stepped care.
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Selected Stepped care—protocol-driven feedback Stepped care—feedback-on-demand
grotp Mean Mean |- Percentageof Mean Percentage n Mean Mean |- Percentageof Mean Percentage
total cpT® total time f2f of total total CBT total time f2f CBT of total
time time cBTP time time time (hours) time time
(hours) (hours) time (hours)  (hours) (hours)  (hours)
(hours)
Total 121 9:10 4:04 44 2:06 23 121 830 2:29 29 2:54 34
group
No f2f 81 7:.00 4:06 59 0:00 0 67 5:11 2:19 45 0:00 0
CBT
Received 40 13:32 359 29 6:18 a7 54 12.37 243 21 6:30 52
f2f CBT
&-CBT: internet-based cognitive behavioral therapy.
bf2f CBT: face-to-face cognitive behavioral therapy.
Table 5. Treatment effect of cognitive behavioral therapy after internet-based cognitive behavioral therapy.
Outcome measure At T1 (after I-CBT®), mean (SD) At T2 (after CBT), mean (SD) t test (df) P value
clsP fatigue severity (N=95) 42.99 (9.35) 37.39 (12.06) 4901 (94) <.001
SIPS® (N=91) 1151.86 (660.76) 851.18 (673.74) 4569 (90) <.001
SF-369 physical functioning (N=91) 71.54 (21.89) 77.03 (21.36) -2.866 (90) .005
SCL-90° (N=86) 146.56 (33.29) 144.52 (46.01) 0517 (85)  .607

8CBT: cognitive behavioral therapy.

bCIS: Checklist Individual Strength.

CsIP8: Sickness Impact Profile.

dsF-36; Medical Outcomes Survey Short Form-36.
€SCL-90: Symptom Checklist-90.

Differences Between First 240 and Last 123 Randomized
Patients

There was a significant difference between the 2 groups
regarding reduction of fatigue severity. In thefirst 240 patients,
the change score was on average 16.4 points on the CISfatigue
severity subscale (SD 13.9). Inthelast 123 patients, the change
score was 11.8 points (SD 11.3), t=3.374, P<.001. The
differences between cohort 1 and 2 in change score for
limitations (700.5 and 636.1, respectively), physical functioning
(-15.7 and —14.5, respectively), and psychological distress(18.3
and 16.7, respectively) were not significant (P=.38, P=.59, and
P=.74, respectively).

Discussion

Principal Findings

This study showed that I-CBT embedded in stepped care for
chronic fatigue syndrome is noninferior to f2f CBT (TAU) in
reducing fatigue severity. Treatment outcome of stepped care
did not differ from TAU with respect to the level of disability,
physica functioning, and psychological distress. The proportions
of patients with clinically significant improvement of fatigue
severity were equal for stepped care as well as TAU.
Interestingly, this was despite the fact that approximately 50%

http://www.jmir.org/2019/3/e11276/

of the patients who met the step-up criteria for f2f CBT after
I-CBT did not step up.

For patients who did step up, it was found that f2f CBT after
I-CBT led to a significant further improvement in fatigue
severity and impairment. This suggests that stepped care with
I-CBT asafirst stepisaviabletreatment model for CFS. It was
more time-efficient than usual care, as approximately 25% less
therapist time was needed to deliver it. This is an important
finding from a cost-effectiveness perspective, since therapist
time accounts for a large proportion of the treatment costs in
mental health care. Previous studies found stepped care, not
including I-CBT, to be effective for CFS[20,41]. The findings
of this study extend this observation and provide more insights
into how stepped care can be offered in clinical practice. We
found only 1 RCT that also investigated |-CBT embedded in
stepped care. In patientswith panic and socia anxiety disorder,
stepped care containing psychoeducation, I-CBT, and f2f CBT
was compared with f2f CBT. Our findings are in line with this
study: stepped care was noninferior to f2f CBT and was less
time-intensive [42].

How therapist feedback during I-CBT influenced stepped care
was explored. As in our previous study [17], we found that
during [-CBT, less therapist time was needed in the
feedback-on-demand than in the protocol-driven feedback
format of 1-CBT. However, when patients stepped up to f2f
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CBT, therapists spent similar timein both conditions. Although
SC-feedback-on-demand remained more time-efficient, the
difference between both became smaller and failed to reach
significance. This might be explained by the fact that relatively
more patients in the SC-feedback-on-demand format received
f2f CBT, which led to anincreasein invested time. Furthermore,
since we did not power for a direct comparison between both
conditions, we may need more patientsto draw firm conclusions
on this.

We aso explored if the proportion of patients willing to step
up after I-CBT differed in both the feedback formats. It was
found that of the patients who needed to step up after 1-CBT,
the proportion of patientsthat received f2f CBT differedin favor
of the feedback-on-demand format. However, this difference
was not significant. It is important to know what prevented
patients from stepping up. One plausible explanation could be
that patients became less motivated after unsuccessful 1-CBT
[43,44]. In our study, we found that approximately 60% of the
patientswho declined did this because they did not want further
therapy, although CFS remained a problem (eg, preoccupied
with other mattersin life, did not want to travel, or have nofaith
in further recovery). Interestingly, approximately 20% were
satisfied with the result of 1-CBT, athough they were till
severely fatigued and/or disabled. It isimportant to know why
they were satisfied despite having severe complaints. Exit
interviews could be used to investigate these matters further.

Although this study shows that I-CBT fits well into a stepped
care model, it is problematic that many patients do not step up
when this is needed. Although this did not lead to a lower
proportion of improved patients (than in TAU), and it is
uncertain whether these patients would have otherwise started
and completed TAU, it is possible that some of these patients
would have profited more if they had received f2f CBT. To
improvetheintegration of I-CBT in clinical care, there are some
options. An aim could beto increase the number of patientsthat
step up for f2f CBT. For example, by stopping earlier with
[-CBT when it appearsto be ineffective, demoralization can be
prevented. However, what is a reliable indicator of the need to
step up is not known. In a process study on f2f CBT for CFS,
it was found that in a substantia proportion of patients,
symptoms did not decrease until after 3 to 4 months [45]. The
absence of a change in fatigue-perpetuating cognitions and
behavior may, therefore, be a more suitable indicator early on
in therapy. Further research could focus on the predicting value
of these perpetuators on treatment effect in I-CBT.

It is also possible to further improve 1-CBT, so that fewer
patients need to step up. An option would beto improve|-CBT
by developing a more flexible version, in which the intensity
of therapist guidance can be further varied. The integration of
videoconferencing in I-CBT makes it possible to combine the
advantages of f2f sessions and I-CBT. Perhaps this also can be
on demand, as our study indicated that patients are able to
determine how much guidance they need. It is also an option
to predefine specific moments in therapy, in which video
consults may have an added value, because some interventions
are more difficult to deliver via the internet. For example,
supporting reformulation of dysfunctional beliefs is probably
easier in direct interaction than by email.

http://www.jmir.org/2019/3/e11276/
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Strengthsand Limitations

A significant limitation of our study wasthat in TAU, one-third
of the patients did not start the therapy. This may have reduced
the treatment results in this reference group. The within-group
effect sizefor fatigue severity inthe TAU condition in our study
fell outside the 95% Cls of 2 other CFS studies that had lower
proportions of nonstarters[18,46]. Another possible explanation
for the somewhat lower effect size in the TAU condition could
be that during the study, the treatment center was moved to
another university medical center. This led to organizational
problems, such asuncertainty for patients about when treatment
would start, changes in therapists, and substantially increased
travel timesfor patients. There areindicationsthat organizational
features of a mental health center can influence the treatment
outcome of behavioral interventions [47]. In al 3 conditions,
patients who started their treatment during the last part of our
study had a significantly lower reduction of fatigue.

Furthermore, apossible limitation isthat the waiting list policy
had changed during the study. However, retaining an
unnecessarily long waiting list duration would not have been
ethical. It wasfound that the duration of the waiting list had not
influenced the treatment effect on reduction of fatigue.

Another limitation is that we did not provide data on dropout.
It was difficult to produce a dropout definition that allowed for
acomparison between all treatment arms. For TAU, termination
of treatment before a certain number of sessions is often used
asacriterion for dropout [48]. Dropout during I-CBT isdifficult
to measure reliably. Opening modules or logging in does not
necessarily represent receiving treatment. The assessment of
thetherapist may also be unreliableif apatient does not request
feedback or does not respond to an email; this does not have to
imply that the patient dropped out of treatment as they still can
follow the treatment via the internet. Unless patients actively
report discontinuation of treatment, it is difficult to be certain
whether someone dropped out. Furthermore, for stepped care,
the number of f2f CBT sessions needed after |-CBT differs
between patients, asthe exposure to the content of I-CBT varies.
Thismakesit difficult to define the minimal number of sessions
that a patient has to follow before he or she is considered to
have completed the treatment. More specific information on
dropout, for example, by interviewing patients after they have
terminated the treatment, would further aid comparison of the
treatment formats.

Recently, new diagnostic criteria were proposed for CFS, by
the USInstitute of Medicine[33]. To aid comparison with other
studies using this definition, we explored the proportion of our
patients meeting SEID criteriaand repeated our primary analysis
with this subgroup of patients. We found the same pattern of
results, suggesting that findings can probably be generalized to
asignificant subgroup of patients meeting the SEID criteria. It
should, however, be noted that we did not assess orthostatic
intolerance, which could have led to an underestimation of the
proportion of patients meeting SEID in our sample.

Therewereimportant strengths of the study: it isone of the few
RCTs that compared stepped care with |-CBT as a first-step
treatment with usual care [19]. Our comparator was a
high-intensity treatment that has proven to be effectivein severa
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RCTs [46]. Often, the efficacy of I-CBT or stepped care is Conclusion

compared with a no-treatment or low-intensity control group, | conclusi on, this RCT showed that stepped care with I-CBT
which seriously limits the conclusions than can be drawn from <t first and £2f CBT as the second step for chronic fatigue
these siudies [15,43,49]. Another strength is that dmost dl o nirome is noninferior to TAU in the reduction of fatigue

patients completed postassessment on the primary OUICOME oo vty A substantial part of the patients did not need to step

measure. Finally, the study included alarge sample of patients, up after stepped care, which made treatment for them less

who underwent an extensive diagnostic procedure and were intensive. For patients who needed to step up, f2f CBT led to

treated in aspecialized tertiary treatment center by experienced, o aqitional treatment effect. Stepped care took less therapist

well-trained, and supervised therapists. time to deliver. However, a substantial proportion of patients
did not step up after 1-CBT with limited results. Treatment
efficacy can probably beimproved when relatively more patients
step up and by further developing the |-CBT.
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SC: stepped care

SCL-90: Symptom Checklist-90

SEID: systemic exertion intolerance disease
SF-36: Medical Outcomes Survey Short Form-36
SIP8: Sickness Impact Profile

TAU: treatment as usual
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Abstract

Background: Cancer patients receiving chemotherapy have high symptom needs that can negatively impact quality of life and
result in high rates of unplanned acute care visits. Remote monitoring tools may improve symptom management in this patient
population.

Objective: This study aimed to design a prototype tool to facilitate remote management of chemotherapy-related toxicities.

Methods: User needs were assessed using a participatory, user-centered design methodology that included field observation,
interviews, and focus groups, and then analyzed using affinity diagramming. Participants included oncology patients, caregivers,
and health care providers (HCPs) including medical oncologists, oncology nurses, primary care physicians, and pharmacistsin
Ontario, Canada. Overarching themes informed development of a Web-based prototype, which was further refined over 2 rounds
of usability testing with end users.

Results. Overarching themes were derived from needs assessments, which included 14 patients, 1 caregiver, and 12 HCPs.
Themes common to both patients and HCPs included gaps and barriers in current systems, need for decision aids, improved
communication and options in care delivery, secure access to credible and timely information, and integration into existing
systems. In addition, patients identified missed opportunities, care not meeting their needs, feeling overwhelmed and anxious,
and wanting to be more empowered. HCPs identified accountability for patient management as an issue. These themes informed
development of a Web-based prototype (bridges), which included toxicity tracking, self-management advice, and HCP
communication functionalities. Usability testing with 11 patients and 11 HCPs was generally positive; however, identified
challenges included tool integration into existing workflows, need for standardized toxicity self-management advice, issues of
privacy and consent, and patient-tailored information.

Conclusions: Web-based tools integrating just-in-time self-management advice and HCP support into routine care may address
gaps in systems for managing chemotherapy-related toxicities. Attention to the integration of new electronic toolsinto self-care
by patients and practice was a strong theme for both patients and HCP participants and is a key issue that needs to be addressed
for wide-scale adoption.

(J Med Internet Res 2019;21(3):€9958) doi:10.2196/jmir.9958
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Introduction

Cancer patients receiving chemotherapy have high symptom
burden, which is reflected in their frequent utilization of the
emergency department (ED) and high rates of hospitalization
during treatment [1-4]. Chemotherapy-rel ated toxicities usually
occur between ambulatory visits to the oncology clinic.
Unplanned acute care visits among patients receiving systemic
therapy in routine practice are likely areflection of suboptimal
management of these toxicities due to inadequate use of
preventative strategies or lack of timely access to advice and
assessment by the health care team. Some ED visits and
hospitalizations may be potentially avoidable with proactive
monitoring between clinic visits [5]. The widespread diffusion
of health information technology (HIT) represents an
opportunity to address gapsin current health care systemswith
accessto Web-enabled devices becoming increasingly common.

Technological solutions have been found to be acceptable to a
widerange of populationsincluding older individualsand those
with little experience using Web-based technologies [5-8].
Web-based solutions allow an immediacy of access to
information and feedback that paper-based systemsare not able
to provide[7,9] and with agreater degree of accuracy [10]. The
design of an effective Web-based chemotherapy toxicity
management tool requires an understanding of factors associated
with the interaction between humans, technology, and care
context to ensure uptake by end users and integration into
existing clinical workflows [11]. Engaging end users from the
outset also increases external validity and results in highly
accurate and relevant solutions while avoiding features and
functionalitiesthat were not relevant or useful in existing tools.

To design a prototype Web-based tool to facilitate remote
management of chemotherapy-related toxicities, we used an
iterative, participatory design methodol ogy informed by human
factors principles. Asthe majority of side effects and subsequent
ED visits and hospitalizations occur between clinic visits, we
focused on the needs of patients receiving chemotherapy in the
outpatient setting. We initiated this study at a time when the
evidence base regarding the development and effectiveness of
such tools was limited; hence, we felt a local solution was
needed [12-14]. A recently published single institution
randomized trial of electronic symptom tracking between clinic
visitsin patients with advanced cancer receiving chemotherapy
has shown improvement in patient outcomes including fewer
ED visitsand hospitalizations[15,16]. However, HIT isan area
that is evolving rapidly and, as such, tools which began
development over a decade ago [12] may no longer be as
relevant. Furthermore, existing tools have mostly undergone
academic development in alimited number of settingsand have
not yet moved into routine practice in the cancer context so
there were no off the shelf tool s that could be easily adopted. In
addition, none of the existing tools have been validated in
Canada, so it is unclear whether they would be relevant to the
Canadian context of auniversal health care system that includes
provincially organized but locally delivered cancer care. Not

http://www.jmir.org/2019/3/e9958/

all publicly funded health systems have a similar organization,
availability of resources, and result in patient populations with
different needs. Successful implementation of an electronic tool
requires deep understanding of the required features and
functionalities and of the health system into which it will be
deployed but can a so provide insights applicable beyond local
context, thus adding to the growing body of knowledge.

Methods

Study Overview

To design a prototype of an electronic tool to address gapsin
chemotherapy-related symptom management, we used a
user-centered participatory design methodology [17]. A
Web-based tool was preferred to allow use on any
internet-enabled device to mitigate logistical and cost concerns.
Potential end users, including patients, their caregivers, and
health care providers (HCPs, medical oncologists, primary care
physicians, and oncology nursesand pharmacists) wereinvolved
in all steps of prototype conceptualization and devel opment.
The study was approved by the University Health Network and
Trillium Health Partners ethics boards. Informed consent was
obtained from all participants; al participants received an
honorarium for their time.

Recruitment and Questionnaire Administration

A convenience sampling approach was utilized whereby HCPs
were invited to participate directly by a study team member.
Patients and their caregivers were invited to participate by their
treating medical oncologist or through an email sent out by the
Cancer Care Ontario Patient and Family Advisory Council.
Patient participants were required to have received
chemotherapy for any cancer type with any intent within the
previous 2 years. To ensure a wide sampling of views, each
participant undertook only one study activity (ethnographic
field study, focus group, or prototype testing). All participants
completed a baseline questionnaire to assess their level of
interaction with information technology. The patient
guestionnaire consisted of 11 demographic questions and 10
information technology questions, the HCP questionnaire
consisted of 11 demographic questions and 11 information
technology questions. For questions estimating hours of
computer and internet usage per day, the lower range number
was used for analysis.

User Needs Assessment

To understand and gather insightsinto the context in which care
is provided, we utilized the event-focused ethnographic field
study methodology of Bloomberg et al [17] consisting of field
observation and interviews and focus groups with potential end
users. To understand the tasks, workflows, information
requirements and usage patterns, communication and
decision-making mechanisms, and use of supporting systems
involved in toxicity management, field observations were
undertaken. Field observation consisted of silent first-hand
observation [18] of interactions between HCPs and patients
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during routine clinic visits in the ambulatory clinical setting
with contemporaneous notes taken by 2 2 human factors
specialists (ASY and LP). Following each field observation
session, separate semistructured interviews were held with
providersand patientsto gather further information on gapsand
facilitators. Interviews were guided by a script but left room to
clarify any observed issues to gain deeper insights.
Contemporaneous notes were taken, and interviewswere audio
recorded. Saturation of patient insights, defined as exhaustion
of new feedback and themes [19], was not reached following
the first round of ethnography; so additional patients were
recruited and studied until saturation was reached, as confirmed
by sampling of 2 additional patients. A total of 5 study team
members confirmed saturation by consensus.

To encourage open discussion of views on issues and to
minimizetherisk of power imbalance, separate HCP and patient
and caregiver focus groupswere held and moderated by 2 human
factors specialists (ASY and LP). Each participant attended a
1- to 2-hour focus group. Focus groups utilized open-ended
guestions and probes to generate discussion about gaps in the
current health system related to symptom management as well
asthe content and functionality of atoxicity management tool.
Focus groups were audio recorded and contemporaneous notes
were taken.

Analysis

Findings from demographics and preferences questionnaires
were summarized using descriptive statistics. Qualitative data
gathered during the ethnographic field studies and focus groups
were thematically analyzed using the affinity diagramming
method of Holtzblatt and Beyer [20] during ideation sessions.

Preparation for the affinity diagramming method consisted of
a coding exercise on al the gathered data. Moreover, each of
the 2 human factors specialists (ASY and LP) reviewed al data
from all sessions generating codes denoting relevant keywords,
phrases, and quotes from participant data. Each source of data
(field observation and interviews and focus groups) was
analyzed separately, which afforded methodological
triangulation [21].

These codes were used in the ideation sessions, which were
attended by 2 human factors study members (ASY and LP) and
3 HCP study members (RP, MK, and MP). On the basis of the
principles of a Team Interpretation session [20], the 5 study
members discussed each piece of coded data, sharing insights
from the clinical and human factors perspectives. Through
discussion of coded data, natural groupings began to form,
which developed into themes that encapsulated each natural
grouping. For example, one quote from an HCP, “Patients are
overwhelmed. My guess is that 95% of the information is
instantly forgotten.” was coded as Overwhelmed and grouped
under the patient-specific theme of Anxiety and feeling
overwhel med.

Consensus on the themes was reached by all 5 members, and
theme saturation was achieved when no new themes emerged
for any presented piece of coded data[19]. Thismethod alowed
for effective identification of interrelated factors and existing
issues related to remote management of chemotherapy-related
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toxicities; these themes informed the design of the prototype
Web-based toxicity management tool.

Design and Usability Testing

On the basis of the different functional and information
requirements gathered during the needs assessment, distinct
interactive prototype interfaces were designed for both the
patient and HCP roles. Usability testing was facilitated by
human factors specialists and comprised hour-long cognitive
walk-throughs, where participants performed realistic tasks
whilethinking aloud [22]. Depending on participant preference,
usability testing was conducted either in a private room in the
clinical areaor at the human factors usability laboratories. The
human factors specialists (ASY and LP) explained the purpose
and objectives of the usability testing to participants and
presented the low fidelity prototype (screen shots without any
of theinteractive functionality) with scenariosfor the participant
to complete using the prototype. Sessions were observed,
videotaped, and audio taped, and contemporaneous notes were
taken. Participants were debriefed at the conclusion of testing
to ascertain if any further issues arose during testing.

Target recruitment for usability testing was 4 to 5 participants
in the patient and caregiver and clinician groups, respectively,
to identify up to 80% of usability problems asrecommended in
the literature [11]. The tool, comprising both a patient-facing
and clinician-facing interface, was refined over 2 rounds of
usability testing, resulting in a higher fidelity interactive
prototype.

The data from the patient and caregiver and clinician groups
were analyzed separately. The data from the video recordings
from usability testing also underwent thematic analysis using
affinity diagramming methodology [20] with 2 human factors
specialists (ASY and LP) reaching consensus on the issues on
both interfaces discovered through usability testing. The 2
human factors specidlists jointly rank ordered the issues using
aweighted decision matrix [23], assigning weights and ratings
to various criteriaincluding Ease of design change, Severity of
usability issue, Benefit to patient, and Benefit to HCP, for each
of the identified issues. The issues were iterated upon in the
prototype starting from the highest overall rank until all issues
were addressed.

Results

Participant Demographics

Between December 2014 and November 2015, 49 patients,
caregivers, and HCPs participated in the study. Overall, 8
patients and 8 HCPs participated in ethnographic field studies,
6 patients, 1 caregiver, and 4 HCPs participated in focus groups,
and 11 patients and 11 HCPs participated in usability testing
(Figure 1). Baseline characteristics of study participants are
shown in Table 1; as only 1 caregiver participated, findings
were combined with patient responses. Patient and caregiver
participants were primarily female (58% [15/26]) with amedian
age of 55 years, had a diagnosis or cared for someone with a
diagnosis of breast cancer (31% [8/26]), had at least a college
education (81% [21/26]), and spoke English as their first
language (92% [24/26]). HCPs were primarily female (80%
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[16/20]) with amedian age of 50 years, had beeninthemedical  language (85%[17/20]), and had a hospital -based practice (90%
profession on average for 20 years, spoke English astheir first  [18/20]).

Figure 1. Flow diagram of study design. HCP: health care providers; pts: points.
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Table 1. Summary of participant demographics and clinical characteristics.
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Characteristics All (n=46) Patients and caregivers (n=26) Health care providers (n=20%
Gender, n (%)

Male 13 (28) 10 (38) 3(15)

Female 31 (67) 15 (58) 16 (80)

Missing 24 1(4) 1(5)
Age (years)

Median (range) _b 55 (29-75) 50 (31-65)

Missing — 1 1
Profession, n (%)

Family physician — — 2(10)

Medica oncologist — — 5(25)

Oncology nurse — — 12 (60)

Pharmacist — — 1(5)
Yearsin health care

Median (range) — — 20(1.5-41)

Missing — — 1
Diagnosis, n (%)

Gastrointestinal cancer — 5(19) —

Breast cancer — 8 (31 —

Lung cancer — 2(8) —

Lymphoma — 6 (23) —

Other — 2(8) —

Missing — 2(8) —
Treatment, n (%)

Chemotherapy — 25 (96) —

Radiation — 13 (50) —

Surgery — 13 (50) —
Education, n (%)

Professional/ graduate degree — 8 (31 —

College/university — 13 (50) —

High school — 3(12) —

Primary/middle school — 2(8) —
Income, n (%)

CAN $30-59k — 3(12) —

CAN $60-89k — 5(19) —

>CAN $90k — 12 (46) —

Prefer not to say — 6(23) —
First language, n (%)

English 41 (89) 24(92) 17 (85)

Other 5(11) 2(8) 3(5)
Practice setting, n (%)

Community-based clinic — — 2(10)
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Characteristics All (n=46)

Patients and caregivers (n=26)

Health care providers (n=20%)

Hospital — —
Hospital clinic — —

7(35)
11 (55)

8Data missing for 3 health care providers.
BNot applicable.

Baseline Technology Use

Computer and internet use were very common among HCPs,
patients, and caregivers (Table 2) with the magjority of
participants using computers at work (80% [37/46]) and at home
(93% [43/46]) and having access to internet at home (98%
[45/46]). HCPsreported using el ectronic devices approximately
twice as much as patients (6.5 vs 3.5 hours per day). Most
participants reported being comfortable or very comfortable
using computers, smartphones and tablets, internet, email, and
instant messaging. Only 50% (23/46) of patients and HCPsfelt
comfortable using social media with 50% (13/26) of patients
and 15% (3/20) of HCPs either not using or feeling not at all
comfortable with social media platforms.

User Needs

Thematic analysis of data collected from the ethnographic field
studies and focus groups reveal ed themes of the recognition of
gaps in the current health system, the existence of barriers to
accessing care, and the need for timely support in decision
making, which were common to both patients and HCPs (Figure
2). Additional themes were specific to either patients and
caregivers or to HCPs. Patients and caregivers recognized that
health systems often do not match their needs and that many
psychological symptoms are not well addressed, especially
feelings of being overwhelmed and anxious. HCPs identified
the need for clear lines of accountability for any decisions and
advice given to patients through a Web-based tool.

Design of Interactive Prototype

Thedesign of an interactive prototype with separate patient and
HCP interfaces, bridges, was informed by the findings of the
user needs assessment. The patient interface includes
functionality for toxicity reporting, self-management advice
based on the reported toxicities, an appointment calendar,
educational materials, and options for HCP communication
(Figure 3). The HCPinterfaceincludesfunctionality for viewing

http://www.jmir.org/2019/3/e9958/

patient visit history and voicemails left by the patient, trending
of toxicity reporting data, and a standardized treatment guide
for handling common chemotherapy-related toxicities.
Usability Testing

Iterative rounds of usability testing were undertaken with 22
participants (11 patients and 11 HCPs) to further refine the
prototype and eval uate end-user needs. During usability testing,
patients noted that it is often left to them to self-organize their
care including integration of complex scheduling information
and medication administration (Textbox 1). Many patients
desired access to an up-to-date Web-based calendar from the
hospital or a calendar they could synchronize with their own
device. Patients were very clear that they wanted access to
information specific to their cancer type and treatment regimen
rather than general information which may not apply to them.
They had concerns about whether they would actually use the
tool if they were feeling unwell and highlighted that the ability
for a caregiver to fill it out for them would be useful. Patients
also provided insight into thefact that careteams are frequently
comprised of many members that change regularly.

Issues noted by HCPs included concerns of how a Web-based
tool would be integrated into existing workflows and procedures,
especially existing electronic medical records, to avoid entering
the same information into multiple HIT systems. The context
within which patient-reported toxicities occurred was felt to be
very important, so the ability to add notes within the app was
desired. Issues of confidentiality and privacy were highlighted
as critical and requiring clarification, particularly with regard
to patient consent around communication between HCPs and
caregivers. The ability to prioritize patient symptoms and other
issuesin order of urgency was also felt to beimportant to ensure
that the most serious issues were addressed first. The use of a
treatment guide for symptom management was seen as a useful
tool to ensure HCPs give consistent advice to patients.
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Table 2. Baseline computer and information technology use.
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Category and Response All (n=46) Patients and caregivers Health care providers
(n=26) (n=20%
Computer use at work, n (%)
Yes 37(80) 17 (65) 20 (100)
No 7 (15) 7(27) 0(0)
Missing 2(4) 2(8) 0(0)
Computer use at home, n (%)
Yes 43 (93) 24.(92) 19 (95)
No 3(7) 2(8) 1(5)
Internet access at home, n (%)
Yes 45 (98) 25 (96) 20 (100)
No 0(0) 0(0) 0(0)
Missing 1(2 1(4) 0(0)
Hours on computer, smartphone, and tablet, per day, median __b 35(<1-9) 6.5 (1-12)
(range)
Comfort using a computer, n (%)
Not at all 1(2 1(4) 0(0)
Alittle 2(4) 1(4) 1(5)
Comfortable 15(33) 6 (23) 9 (45)
Very comfortable 27 (59) 17 (65) 10 (50)
Missing 1(2 1(4) 0(0)
Comfort using a smartphoneor tablet, n (%)
Do not use 1(2 1(4) 0(0)
Not at all 3(7) 2(8) 1(5)
A little 4(9) 1(4) 3(15)
Comfortable 15(33) 6(23) 9 (45)
Very comfortable 23 (50) 16 (62) 7 (35)
Hours on internet per day, median (range) — 2(<1-12) 3(1-12)
Comfort using internet, n (%)
Do not use 1(2 1(4) 0(0)
Not at all 0(0) 0(0) 0(0)
Alittle 3(7) 3(12) 0(0)
Comfortable 15(33) 5(19) 10 (50)
Very comfortable 27 (59) 17 (65) 10 (50)
Comfort using email, n (%)
Do not use 0(0) 0(0) 0(0)
Not at all 2(4) 2(8) 0(0)
Alittle 1(2) 1(4) 0(0)
Comfortable 14 (30) 5(19) 9 (45)
Very comfortable 29 (63) 18 (69) 11 (55)
Comfort using instant messaging, n (%)
Do not use 3() 3(12) 0(0)
Not at all 1(2 1(4) 0(0)
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Category and Response All (n=46) Patients and caregivers Health care providers
(n=26) (n=20%

Alittle 4(9) 1(4) 3(15)
Comfortable 12 (26) 4 (15) 8 (40)
Very comfortable 26 (57) 17 (65) 9 (45)

Comfort using social media, n (%)
Do not use 11 (24) 9(35) 2(10)
Not at all 5(11) 4(15) 1(5)
Alittle 7(15) 0(0) 7(35)
Comfortable 12 (26) 7(27) 5(25)
Very comfortable 11 (24) 6 (23) 5(25)

Technology used in normal workday, n (%)
Computer — — 20 (100)
Smartphone — — 11 (55)
Tablet — — 3(15)

8Data missing for 3 health care providers.
BNot applicable.

Figure 2. Summary of findings from thematic analysis of user needs data. HCP: health care providers.
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Figure 3. Select screenshots of bridges from the patient/caregiver (panel A) and health care provider (panel B) user interfaces.
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Textbox 1. Patient and health care provider (HCP) themes from usability testing.

Patients
« Responsible for self-organizing care
«  Want appointment calendar synced with hospital

«  Want information specific to their cancer and treatment

«  Heath care is dynamic—care teams often large and ever-changing

Health care providers
« Integration into existing work flows and practices

«  Provision of context to patient feedback as notes

«  Practicalities of using online application—if unwell, want caregiversto fill out

«  Privacy and consent issues—sharing patient information, especialy with caregivers
o  Prioritizing incoming information—deal with most serious problems first

«  Consistent assessments and provision of standardized management information (ie, treatment guidelines)

Discussion

Principal Findings

In our study, patients, caregivers, and HCPs engaged in
designing an interactive Web-based prototype of a
chemotherapy-related toxicity management tool. Issues within
the existing systemsidentified by participantsincluded the need
for HCP-supported decision making and self-management
strategiesfor patients, accessto credible and timely information,
improved communication (both between patients and HCPs,
and among HCPs), and integration of the tool within existing
workflows to prevent redundancy and confidentiality issues.
Understanding local context including the required features and
functionalities and potential implementation issues particular
tothelocal context isessential for long-term success. Our study
identified a number of additional functionalities and
implementation challenges that add to this growing body of

hittp://AWWw.j mir.org/2019/3/e9958/
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RenderX

literature such as concerns from providers regarding
accountability within the tool.

Comparison With Previous Work

Functionalities of existing tools for patients undergoing cancer
treatment that have been devel oped and pilot tested range from
symptom tracking aone [24-30], symptom tracking in
conjunction with self-care support [31-36], and symptom
tracking with active symptom monitoring [12,15,37-47]. Our
findings confirm previous work, some of which was published
before and some during the conduct of our study, such as high
levels of patient satisfaction with remote symptom monitoring
systems and the need for ease of use of the tool. When using
any tool designed to improve the quality of patient care, the
local context isacritical factor that must be addressed, asit will
determine the success of implementation. Our study also
identified additional functionalities and implementation
challengesthat add to this growing body of literature including
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the need to streamline etool integration into patient self-care
and current clinical practice workflows before wide-scale
adoption and accountability for provider actionswithin the etool
necessitating clearly defined roles and responsibilities of users.
This complements findings from a previous study by Mooney
et al [48] utilizing atel ephone-based remote monitoring system
for cancer patientsthat highlighted the need to explicitly address
who is going to address aerts, as assuming providers will add
these duties on to their existing responsibilities does not work.

The evidence for positive impact of etools for symptom
monitoring during cancer treatment is growing. A recent study
by Denis et al [46] of Web-based follow-up of self-reported
symptoms in lung cancer patients following initial treatment
reported improved overall survival. Basch et a [15,16] found
that remote monitoring of patient symptoms during
chemotherapy resulted in significantly improved quality of life,
fewer ED visits and hospitalizations, and was associated with
prolonged survival. Both interventions included health team
alerting functionality for severe symptoms. Likewise, Chumbler
et a [49] found a significant reduction in clinic visits and
chemotherapy-related hospitalizations using a Cancer Care
Coordination Home Telehealth approach.

Limitations

Our findings need to be evaluated in the context of study
limitations. Our participants were from 2 large urban centersin
southern Ontario and, thus, may not represent end-user needs
from other jurisdictions. Selection bias may be present asHCPs
who volunteered to participate may have been inherently more
interested in using HIT solutions. Likewise, patients who
contacted the study coordinator directly may represent a more
motivated population than a random sample and may not be
representative of the views of the overall population. HCP and
patient participants were mostly female (HCPs. 16 vs 3;
patients/caregivers: 15 vs 10), so findings may not adequately
represent the views of their male counterparts. Our patient and
caregiver participants had a median age of 55 and reported
having at least a college education (81% [21/26]), English as
their first language (92% [24/26]), and comfort using theinternet
and technology. As such, additional work is needed to better
understand the needs of end users who are older, non-English
speaking, less educated, or less familiar with technology. The
design of our interactive prototypeisafirst step in building an
effective electronic tool for patient care. Additional studiesare
needed to explore whether the tool impacts patient outcomes,
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although, the recently published trials from the United States
[15] and France [46] provide important information regarding
the benefits of such systems for patientsin controlled settings.
Data on wide-scale adoption of etoolsin this setting are not yet
available.

The method of affinity diagramming aims to bring together
issues and insights from various stakeholders, from which
overarching themes emerge. Although the data were collected
using a number of approaches to understand the complexities
and subtleties of toxicity management within the Canadian
context, it could be argued that the resulting artifact from affinity
diagraming affords only a thin description of toxicity
management, that is, a limitation of the method is that the
resulting affinity diagramisonly abrief summary of thethemes
that emerged, lacking rich context. However, it should be noted
that the human factors study members who conducted the
ethnographic field study and participated in ideation sessions
were a so those who designed the prototype. Thus, although the
themes from affinity diagramming informed the design of the
prototypes, the human factors study memberswere also ableto
draw from the contextual data that they experienced firsthand.
Although the number of participants required for usability
testing has been well-established [11], there is little consensus
on the number of participants required for interviews and focus
groups [21,50,51]. Given this limitation, the authors instead
strived for saturation of the collected data and resulting themes
[21] and triangulation using multiple sources of data (field
observation, interviews, and focus groups) [51] to arrive at a
comprehensive understanding of toxicity management from
various stakeholders.

Conclusions

We have shown that using a human factors design approach for
a Web-based application to support management of
chemotherapy-related toxicities hasthe potential to address gaps
in cancer care. As these gaps were identified within the local
context of care, the design, iterated upon through prototyping
and usability testing, seeksto address these needs directly. Our
study highlighted that operationalizing a Web-based tool has
significant system implications, including assigning
responsibility for monitoring the tool to appropriate HCPs and
the need to embed thetool into existing workflows and systems.
Integration of new etoolsinto self-care by patients and practice
isakey issuethat needsto be addressed for wide-scal e adoption.
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Abstract

Background: The use of eHealth hasincreased tremendously in recent years. eHealth is generally considered to have a positive
effect on health care quality and to be a promising aternative to face-to-face health care contacts. Surprisingly little is known
about possible adverse effects of eHealth apps.

Objective: We conducted a scoping review on empirical research into adverse effects of eHealth apps that aim to deliver health
care at adistance. We investigated whether adverse effects were reported and the nature and quality of research into these possible
adverse effects.

Methods: For this scoping review, we followed the five steps of Arksey and O’ Malley’s scoping review methodology. We
searched specificaly for studies into eHealth apps that replaced or complemented the face-to-face contact between a health
professional and a patient in the context of treatment, health monitoring, or supporting self-management. Studies were included
when eHealth and adverse effects were mentioned in thetitle or abstract and when empirical data on adverse effectswere provided.
All health conditions, with the exception of mental health conditions, al ages, and all sample sizes were included. We examined
the literature published between December 2012 and August 2017 in the following databases: PubMed, Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Web of Science, and the Cochrane Library. The methodological quality of the
studies was assessed using the Critical Appraisal Skills Programme (CASP) checklists.

Results: Our search identified 79 papers that were potentially relevant; 11 studies met our inclusion criteria after screening.
These studies differed in many ways and the majority were characterized by small research populations and low study quality.
Adverse effects are rarely subject to systematic scientific research. So far, information on real adverse effectsis mainly limited
to incidental reporting or as a bycatch from qualitative pilot studies. Despite the shortage of solid research, we found some
indications of possible negative impact on patient-centeredness and efficiency, such as less transparency in the relationship
between health professionals and patients and time-consuming work routines.

Conclusions: Thereisalack of high-quality empirical research on adverse effects of eHealth apps that replace or complement
face-to-face care. While the development of eHealth apps is ongoing, the knowledge with regard to possible adverse effectsis
limited. The available research often focuses on efficacy, added value, implementation issues, use, and satisfaction, whereas
adverse effects are underexplored. A better understanding of possible adverse effects could be a starting point in improving the
positive impact of eHealth-based health care delivery.

(J Med Internet Res 2019;21(3):€10736) doi:10.2196/10736
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Introduction

The use of eHealth has increased considerably in recent years.
eHealth comprisesall kinds of information and communication
technologies, such as websites and apps for screening,
assessment and self-monitoring, health promotion, physical
training, and social support (eg, video-chat sessions with a
therapist, moderated bulletin boards, chat rooms, and socia
media) [1,2]. eHealth isgenerally considered to have a positive
effect on health care quality and to be a promising aternative
to face-to-face health care contacts [3]. Moreover, the use of
eHealth appsis expected to reduce health care consumption and
health care costs [4]. Also, eHealth is supposed to contribute to
the fast availability of updated medical information, aswell as
to the provision of tailored care, independent of place and time
[5]. In addition, although research in thefield is not conclusive,
eHealth may improve self-management, health literacy, and
healthy behavior [6,7].

Inlinewith these high expectations, large companies and health
care organizations invest many millions of dollars in the
development of eHealth apps[8,9]. Giventhelargeinvestments
into eHealth, it isremarkable that thereisalack of information
with regard to possible unfavorable outcomes of eHealth
interventions. It is not known whether there are any adverse
effects or whether they are not included in scientific research.
The limited number of studies in this field have reported, for
example, adverse events such as patients’ anxiety caused by
monitoring vital signs [10]. In another publication, it was
mentioned that professionals get overwhelmed by the amount
of data, workload, and workarounds [11].

We conducted a scoping review on empirical studies into
adverse effects of eHealth apps that aim to deliver health care
at a distance. We welcome the advantages that eHealth
interventionswill bring; abetter understanding of what isknown
about possible adverse effects will help to improve the use of
eHealth.

Methods

Overview of Scoping Review M ethodology

For this scoping review, we followed the five steps according
to Arksey and O'Maley’s scoping review methodology,
supplemented with recommendations by L evac et a and Daudt
et al [12-14]. We used this method because the aim of ascoping
review is to assess the available research literature in order to
chart the nature, range, and extent of the research evidence and
to identify gapsin the existing literature [15].

Step 1: Identifying the Research Question

In our study, we defined eHealth as the use of information and
communication technologies to support or improve health care
and health care delivery [1,16]. We searched specifically for
studies into eHealth apps that replaced or complemented the
face-to-face contact between ahealth professional and a patient
in the context of treatment, health monitoring, supporting
self-management, or their communication [17]. Examples are
online tools for patients with a chronic condition that replace
some of the outpatient checks with online care or online
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rehabilitation programs that integrate outpatient treatment with
exercises performed at home. An adverse effect was defined as
any unfavorable outcome on the quality of care that occurred
as aresult of the use of an eHealth intervention [18].

The following research questions were formulated:

1. Which adverse effects of eHeath apps are reported in
empirical studies?

2. What is the nature and quality of the research into the
adverse effects of eHealth apps?

Step 2: Identifying Relevant Studies

We examined the literature published between December 2012
and August 2017 in the following databases. PubMed, the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Web of Science, and the Cochrane Library. We
used RefWorks 2.0 (ProQuest), a Web-based bibliographic
manager, to import all citations. After an initial broad search
and consultations with a librarian, the final search query was
composed; we used the set of comprehensive Medical Subject
Headings (MeSH) and the free-text search term eHealth or its
synonyms, as well as the term adver se effects or its synonyms.
To find as many relevant articles as possible, we decided to add
quality of care and risks as title words because both appeared
to be related to articles on adverse effects (see Multimedia
Appendix 1 for search query).

Step 3: Selecting Studies

The primary search resulted in 6010 records. After removing
duplicates, 5523 titles and abstracts were screened for relevance
and for the inclusion and exclusion criteria by two researchers,
independently (WJMS and MGMG). Our aim was to include
articles that described apps that replaced or complemented the
face-to-face contact between ahealth professional and a patient
in the context of treatment, health monitoring, supporting
self-management, or their communication. Studies were also
included when eHealth and adverse effects were mentioned in
the title or abstract and when empirical data—qualitative or
guantitative—on adverse effectswere provided. Adverse effects
had to be related to patients or quality of care.

We wanted a broad search and, at the same time, homogeneity
in apps. Mental health conditions were excluded from our
scoping study, as the eHealth studies found were already very
diverse and this would make the diversity too great. We have
tried to achieve as much homogeneity as possible. Except for
mental health conditions, all other health conditions, ages, and
sample sizes were included. The papers had to be written in
English and published between December 2012 and August
2017. We did not use studies in the field of public health or
studies on electronic health records, el ectronic medical records,
education, or surgical technology. Exchange of patient
information between stakehol ders generates different problems
and challenges, such as technical matters and privacy issues.
We also excluded adverse effectsrel ated to security and privacy
of data storage and transmission. Prior to inclusion, two of the
authors (WIMS and MGMG) verified their agreement in
applying the inclusion criteria. Disagreement was solved by
discussion. In case no consensus was reached, a third expert
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(RvdS) was consulted. This resulted in 79 studies meeting the
inclusion criteria

Two of the authors (WJIM S and MGMG) subsequently screened
the full text of the selected articles, independently, for
information on adverse events. The screening results were
compared and any discrepancies were resolved by discussion.
If the outcome was unclear, two other authors (LJB and RvdS)
from the research team arbitrated. For the final synthesis, we
excluded 68 studies that did not meet the inclusion criteria,
leaving 11 studies for final synthesis (see Figure 1). Study
quality wasindependently evaluated by two researchers (WIM S
and MGMG) and disagreements were resolved through
discussion in order to reach final study-quality ratings.

Stevens et al

Step 4: Charting the Data

We extracted and summarized information for author, year,
geographic area, title, name and function of the intervention,
study population, study design, outcome and measurements,
results, and conclusions of adverse effects. All articles were
assessed and data were extracted independently by WIMS and
MGMG.

We used the Critical Appraisal Skills Programme (CASP)
Qualitative Research Checklist and the Randomised Controlled
Trial Checklist for appraisal [19,20]. WIMS and MGMG
assessed the studies independently and any disagreement was
resolved by discussion. Scoreswere displayed asthe proportion
of the number items filled in with yes in relation to the total
number of items (see Multimedia Appendix 2 for overview).

Figure 1. Study selection process. CINAHL: Cumulative Index to Nursing and Allied Health Literature.
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Step 5: Collating, Summarizing, and Reporting the
Results

In this phase, results related to adverse effects were discussed
by the authors WIMS and MGMG and by the experts RvdS,
LJB, and WJJA. Results were categorized following the six
domains of quality asformulated by the Agency for Healthcare
Research and Quality (AHRQ): safety , effectiveness,
patient-centeredness, timeliness, efficiency, and equitability
[21,22].

Results

Overview

We found 11 studies that met our inclusion criteria. The
characteristics of included studies are summarized in Multimedia
Appendix 3. A total of 9 studiesout of 11 (82%) used qualitative
data. Observation, semistructured interviews, questionnaires,
and documentary study are the forms of qualitative research
that we have come across in the selected studies.

General Characteristics

eHealth Terminology and Functions

Different terms were used for the eHealth app within articles:
telerehabilitation [23], telecare [24,25], telemonitoring [26],
telemedicine consultation [27], video telehealth [28], video
teleconsultation [29], Internet intervention [30], eVisit [31],
mobile health [32], and digital communication [33].

These various apps served different functions: supporting
exercise [23,24,32], (video)consultation [25,27,29,33],
supporting self-management [ 25,26,30], triage [ 28], and primary
care[31].

Study Participants
Study participants were patients [23,27,29-32], health care

professionals [25], or a mix of patients and heath care
professionals [24,26,28,33].

A total of 8 out of 11 studies (73%) involved an intervention
targeting patients with a chronic health problem
[23-26,29,30,32,33].

Study Design and Quality

A total of 8 out of 11 studies (73%) had a quantitative design,
of which 2 studies (25%) were randomized controlled trials
(RCTs). Multimedia Appendix 2 shows an overview of the
quality appraisal.

Study quality, in general, was very low. The sample sizein the
studies varied from 2 [28] to 564 [31] participants. There were
2 studies out of 11 (18%) that explicitly used adverse effects,
apriori, asaprimary outcome measure.

Adver se Effects

Overview

Table 1 shows study results from studies about adverse effects
categorized following the AHRQ six domains of quality.

https://www.jmir.org/2019/3/e10736/
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Safety

Griffiths et a performed a study into the use of text messages,
email, and social mediain the communication between young
people and a clinical team. They found an increased risk of
communication failures, failure to record the content of the
communication, and failure to consult the patient’s notes prior
to engaging in communication [33].

Furthermore, in the studies of Benvenultti et al and Buvik et al,
safety was part of the outcome. In both studies, the eHealth
intervention was judged to be safe because no study-related
adverse events were observed among, or reported by, study
participants [23,27].

Effectiveness

In an RCT by Petrella et a, an online exercise program for
people with metabolic risk was used. After 12 weeks, this
program resulted in a lower systolic blood pressure (SBP) in
the active control group compared to the eHealth group. By 52
weeks, the reduction in SBP was similar in both groups [32].

Patient-Centeredness

The study by Bodker et al showed that when eHedth
interventions aimed to support patients in doing their physical
exercise a home, responsibilities between the hedth
professional and patient became less transparent [24].

A total of 3 out of 11 articles (27%) reported a lack of human
face-to-face contact between the health professional and patient
or reported on the impossibility for physica examination,
leading to “...a new perceptua distance between patients and
therapists’ [24,29,30].

eHealth apps that support self-management cause patients to
express a sense of loss of privacy and stigmatization [25], loss
of trust by patients [30], or poor cooperation or lack of
willingness on the part of patients [25,30]. Fairbrother et a
explored patient and professional views on self-management
inthe context of telemonitoring. They reported that professionals
expressed concerns about promoting the sick role and creating
dependence on telemonitoring and professionals[26].

Efficiency

Inthestudy by Bodker et al, health care professionals mentioned
new time-consuming work routines (ie, asignificant amount of
coordination tasks) [24]. Cady et al investigated triage nurse
workflow before and after the implementation of video
telehealth. They found an increased triage time [28]. Buvik et
al, however, found no differences in consultation duration in
their RCT investigation into video-assisted remote orthopedic
consultations in an orthopedic outpatient clinic [27].

In astudy by Mehrotra et al on a comparison of care between
eVisits and physician office visits, physicians using eHealth
were less likely to order relevant tests or order preventive care
and researchers established the occurrence of overprescribing
of antibiotics [31].
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Table 1. Reported results from studies about adverse effects.
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AHRQ? domains of quality Adverse effects

No serious adverse advents were found to be related to the mode of the consultation [27]

Failure to consult the patient’s notes prior to engaging in communication [33]

Safety No study-related adverse events [23]

Communication failures [33]

Failure to record the content of the communication [33]
Effectiveness No differencein re-referrals [27]

Reduction in SBP° greater in control group at 12 weeks and similar at 52 weeks [32]

Peti ent-centeredness
Sense of losing privacy [25]
Stigmatization [25]

A new perceptual distance between patients and therapists [24]

Poor cooperation of the patient [25]

Loss of trust [30]

Lack of human face-to-face contact [30]

Lack of willingness [30]

Concerns about promoting the sick role [26]
Creates dependence on telemonitoring and professionals [26]
Lack of physical contact causes concerns about |ong-term complications of diabetes [29]

Timeliness N/AC

Efficiency

New time-consuming work routines [24]

Responsibilities less transparent [24]
Mean consultation duration not different [27]

Increased triage time [28]

Lesslikely to order urinary tract infection-relevant tests [31]
No difference for follow-up visits [31]

Overprescribing of antibiotics [31]

Lesslikely to order preventive care [31]

Equitability N/AC

3AHRQ: Agency for Healthcare Research and Quality.
bsBP: systolic blood pressure.

°N/A: not applicable, as no adverse effects related to timeliness and equitability were reported in the selected studies.

Timeliness and Equitability

Adverse effects related to timeliness and equitability were not
reported in the selected studies.

Discussion

Principal Findings

Our scoping review showsthat thereisaclear lack of empirical
research on adverse effects of eHealth apps that replace or
complement face-to-face care. After abroad search for empirical
studies, we were only able to include 11 studies. These studies
differed not only in the function (eg, monitoring or assessment)
of the eHedth intervention, but also in study population,
methodol ogy, and outcome; the majority of the studies entailed
small research populations and low study quality.

Adverse effects are rarely subject to systematic scientific
research. So far, information on real adverse effects is mainly
limited to incidental reporting or as a bycatch from qualitative
pilot studies. The diversity and the low quality among studies
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in our scoping review do not provide a good understanding of
the nature and size of these possible adverse effects and do not
offer a good enough understanding to make a meaningful
benefit-harm analysis.

Despitethis shortage of solid research, we suggest that eHealth
may have a negative impact on the transparency of the
relationship between health professionals and patientsregarding
their responsibilities [24]. Furthermore, because in some apps
there is no nonverbal communication and no ability to perform
a physical examination, health professionals worry about the
effect of eHealth on the quality of the communication that will,
in turn, affect the quality of care. Confidentiality issues and
potential negative feelings can arise as aresult of this changing
relationship [28]. Patients may overemphasize the impact of
their condition by getting fixated on readings and the monitoring
of data. This can lead to dependence on telemonitoring and
professionals [26,33].

Thereby, complex programs of therapeutic exercises delivered
by technology had limited successin engaging peoplein chronic
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pain. Patients showed a lack of willingness and engagement
because they missed some help and faceto-face
acknowledgement or the content did not seem very relevant to
them [30].

Furthermore, our findings show that eHealth may have an
adverse effect on efficiency because of new time-consuming
work routines [24,28]. Bodker et a reported subtle
transformations of work activities, such as recruiting patients,
conducting home visits to give personalized advice on home
training, and invisible work necessary to uphold the
telerehabilitation infrastructure.

In the study by Cady et a, time spent on video triage activities
was significantly longer than the time spent on equivalent
telephone triage. Their workflow analysis revealed that new
activities were added, such as preparing for video telehealth
sessions, troubleshooting, and the possibility to arrange an
appointment with the physician to participate in the session. In
addition, the possibility to interact not only with the parent(s),
but also with the child during the video telehealth assessment,
caused an increased workflow [28].

Limitations

Variouslimitations of this scoping review need to be considered.
Some articles may have been missed when the search was
undertaken. Due to the research question, we only searched for
empirical studies that primarily focused on adverse effects.
Studies may not be explicit about their findings related to
adverse effectsin the title or the abstract, as it may not be the
main goal of the study. In addition, alternative terminology is
used, such as unintended consequences, negative effects, or
quality of care to report relevant findings , which means this
review may not be inclusive of all papers that have reported
relevant results.

Furthermore, we searched specifically for eHealth apps that
delivered health care at adistance. It is possible that we missed
studiesthat did not meet theinclusion criteria, but that do offer
value in understanding the phenomenon of adverse effects of
eHealth. Our findings address different eHealth apps, goals, and
implementation contexts; different users, communities, and
countries; and different chronic conditions. Due to the small
number of often poorly qualitative studies and the diversity of
the apps examined, we believe that our findings cannot apply
to eHealth in general.
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Comparison With Prior Literature

The concept eHealth is arelatively new way of providing care
and is used for different applications, technologies, and care
processes. Although the number of articlesreporting on eHealth
interventions has increased in the past 10 years, it is still a
relatively new field of research. Most eHealth interventions are
now at a pilot phase and astheir implementation is often halted
by organizational, cultural, or financial barriers, most studies
focus on implementation and organizational issues.

In an overview of systematic reviews of studiesinto the impact
of telehealth care on the quality and safety of care in 2013,
McLean et al report, “It was not clear whether adverse events
did not occur or whether there was a lack of reporting.” They
did not come across any studiesthat explicitly examined impacts
of telehealth care on patient safety [34]. Our findings confirm
that we still do not know if there are adverse effects or if the
issue of adverse effectsis simply not addressed.

Research on therisks of eHealth have mostly focused on factors
such as infrastructure, technological issues, implementation
issues, and lower adherence. Unfavorabl e patient outcomes are
rarely mentioned [11,34,35].

Recommendations for Future Design and Research

While this scoping review highlights few adverse effects of
eHealth interventions, there remainsagap in empirical research
that should be addressed in the future. Researchers need to
consider and anticipate these adverse effects of eHealth
interventions. The changing relationship between, and
responsibilities of, health professionals and patients, greater
dependence of patients on heath care, potential negative
feelings, and new time-consuming work routines are important
subjects for research in the future. Furthermore, for future
research, it is worthwhile to discriminate apps used as
replacements or ascomplementsto regular care. A proper insight
into the size and nature of adverse effectswill only ariseif these
effectsare systematically investigated, preferably by RCTs. We
therefore recommend that adverse effects be included as a
standard in studies into the effects of eHealth apps.

Conclusions

eHealth may contribute to more accessible and more efficient
health care. So far, possible negative effects have not been
thoroughly investigated. The little research that has been done
suggests that they do exist. Given the rapid expansion of
eHealth, there is an urgent need for further research on this
issue.
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Abstract

Background: Stress urinary incontinence (SUI) affects 10%-39% of women. Its first-line treatment consists of lifestyle
interventions and pelvic floor muscle training (PFMT), which can be performed supervised or unsupervised. Health apps are
increasing in number and can be used to improve adherence to treatments. We devel oped the Tat app, which provides a 3-month
treatment program with afocus on PFMT for women with SUI. The app treatment was eval uated in arandomized controlled trial,
which demonstrated efficacy for improving incontinence symptoms and quality of life. In this qualitative interview study, we
investigated participant experiences of the app-based treatment.

Objective: This study aimed to explore women's experiences of using an app-based treatment program for SUI.

Methods: This qualitative study is based on telephone interviews with 15 selected women, with a mean age of 47 years, who
had used the app in the previous randomized controlled trial. A semistructured interview guide with open-ended questions was
used, and the interviews were transcribed verbatim. Data were analyzed according to the grounded theory.

Results: The results were grouped into three categories: “ Something new!” “Keeping motivation up!” and “ Good enough?’ A
core category, “ Enabling my independence,” wasidentified. The participants appreciated having a new and modern way to access
atreatment program for SUI. The use of new technology seemed to make incontinence treatment feel more prioritized and less
embarrassing for the subjects. The closeness to their mobile phone and app features like reminders and visual graphs helped
support and motivate the women to carry through the PFMT. The participants felt confident that they could perform the treatment
program on their own, even though they expressed some uncertainty about whether they were doing the pelvic floor muscle
contractions correctly. They felt that the app-based treatment increased their self-confidence and enabled them to take responsibility
for their treatment.

Conclusions: Use of the app-based treatment program for SUI empowered the women in this study and helped them self-manage
their incontinence treatment. They appreciated the app as a new tool for supporting their motivation to carry through a slightly
challenging PFMT program.

Trial Registration: Clinical Trials.gov NCT01848938; https:/clinicaltrials.gov/ct2/show/NCT01848938 (Archived by WebCite
at https://clinicaltrials.gov/ct2/show/NCT01848938)

(J Med Internet Res 2019;21(3):€11296) doi:10.2196/11296
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mobile applications; urinary incontinence; stress; pelvic floor muscle training; self-management; qualitative research; grounded
theory; women’s health
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Introduction

Urinary incontinence (Ul) is defined as complaints of any
involuntary leakage of urine [1]. There are different types of
Ul, the most common of which is stress urinary incontinence
(SUI). SUI is defined as leakage of urine with exercise,
coughing, or sneezing and affects 10%-39% of women [1-3].
Although common, many women do not seek care because they
regard their incontinence as*normal” or find it too embarrassing
to talk about [4]. The first-line treatment of SUI consists of
lifestyleinterventions and pelvic floor muscletraining (PFMT)
and can be initiated among most women without extensive
preliminary evaluation [5]. A recent Cochrane review confirms
that PFMT is effective and can cure or improve symptoms of
SUI, reduce the number of leakage episodes, and improve
Ul-specific quality of life [6]. There is no consensus on the
optimal PFMT program, but it usually involves exercises
designed to increase muscle strength, endurance, rapidity, and
coordination [ 7]. Adherence to the exercise program isimportant
for effectiveness, and strategiesto increase adherence need more
attention among clinicians and researchers[8].

Smartphone use is increasing worldwide, and in 2017, more
than 32% of the world’s population used a smartphone [9]. In
Sweden, 85% of the population owned a smartphone in 2017,
and the corresponding number in the United Stateswas 77%in
2018 [10-11]. The number of health appsisincreasing rapidly,
with 325,000 mobile health apps availablein 2017 [12]. Health
apps have the potential to increase treatment adherence and
improve clinical outcomesin chronic disease management [13];
however, data about user experience with health apps are
limited, because many qualitative studies focused on the
developmental stage of the apps, not experienceswith long-term
use [14].

Within the eContinence project [15], the Tat app was devel oped
by ES, MS, and GU in cooperation with engineersat ITS (ICT
Servicesand System Development), Umed University, Sweden.
The app, which provides a treatment program for SUI with a
focuson PFMT, isreferred to here asthe “ app-based treatment.”
We demonstrated efficacy regarding symptoms, quality of life,
and urinary leakage in a previous randomized controlled trial
(RCT) [16]. The treatment was cost effective [17] and had
persistent long-term effects [18].

As part of the evaluation of the app-based treatment, we aimed
to learn more about the participants’ experiences of using the
app and engaging in the PFMT program. We wanted to
determine how and why the app-based treatment could be
effective. The aim of this study was therefore to explore
women'’s experiences of using an app-based treatment program
for SUI.

Methods

Study Setting and Design

This qualitative study was based on telephone interviews in
Sweden between January and November 2014. All participants

http://www.jmir.org/2019/3/€11296/
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had taken part in our previous RCT (Trial Registration:
Clinical Trials.gov NCT01848938) [16] that evaluated the effect
of the mobile app Tét. We received ethical approval from the
Regional Ethical Review Board of Umed University (UMU
DNR: 2012-325-31M).

For the RCT, we recruited adult women who experienced SUI
at least once a week through our website. Exclusion criteria
were pregnancy, previous urinary incontinence surgery,
malignancy in thelower abdomen, neurol ogic disease affecting
the lower abdomen or legs, irregular bleeding, visible blood in
urine, difficulty passing urine, and severe psychiatric disorders.
Participants compl eted an informed consent form, a\Web-based
guestionnaire, and a2-day |eakage diary before randomization.
We randomized 123 women to treatment with the app for 3
months (n=62) or a postponed treatment group that did not
receive the app until the follow-up was completed (control
group, n=61). During the whole RCT study, from online
recruitment to follow-up, we had no face-to-face contact with
any of thewomen in any of the study groups. We did not provide
any reimbursements. At 3 months of follow-up, we evaluated
the effect of the app-based treatment with Web-based
guestionnaires. The methods and results from the RCT are
presented in detail elsawhere[16].

The app included a treatment program focused on PFMT
exercises and contained information about SUI; the pelvic floor;
and factorsrelated to incontinence such as overweight, physical
activity, smoking, and fluid intake. There were six basic and
six advanced PFMT exercises with increasing difficulty, and
the participants were advised to proceed according to their own
improvement. The exercises included different types of pelvic
floor muscle contractions such as quick, strength, and endurance
contractions. To illustrate each contraction, a moving graph
showed how long and with what intensity the user should
contract and relax (Figure 1). Within the app, the participants
could set three reminders aday and log the number of exercises
performed in a statistics function.

Participants

Participants éligible for thisinterview study were women from
the RCT app group (who received the app directly after
randomization) from our previous RCT, who had completed
the 3-month follow-up. The first author IA performed the
selection and approached the participants by email invitation.
Our aim was to conduct the interviews within 3 months after
they had completed the follow-up in the RCT in order to
minimizetherisk of recall bias. In Figure 2, we summarize the
flow of the previous RCT study and the present interview study.

We purposefully selected participants with a goal of ensuring
diversity of age, residence, and type of mobile phone operating
system (Apple or Android). For the last interviews, we aso
selected two participants based on their treatment outcome in
the RCT, because we wanted experiences from women who did
not show improvement in incontinence symptoms.
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Figure 1. Screenshots of the mobile app Tét version 1.9.

Asklund et al

About the pelvic floor

LR B

<

About the pelvic floor

The pelvic floor is a bowl-shaped muscle
group at the bottom of the pelvic cavity,
running from the coccyx and the rectum at
the rear, looping around either side of the
wvagina and urethra, and attaching to the pubic
bone and outward towards the inner sides of
the pelvis. When contracting, the entire
muscular disc should be lifted

)

\ 2

The task of these muscles is to keep the
pelvic organs in place and at the same time be

Pelvic floor exercises

Pelvic floor exercises

Try the contractions
Pelvic floor exercises

Exercise 1

Exercise 3

Exercise 4

Advanced pelvic floor exercises

If you think the first six exercises went well,

DN

<

0813

Exercise 4

w2

Exercise 4

Exercise 4

Strength contraction 1/8
Endurance contraction 0/1

Exercise 4

8 Strength contractions, 1 Endurance
contraction (15 seconds)

Exercise while sitting or standing, three
times a day.

Once you have learned the contractions,
continue exercising for 1-2 weeks.

Contract for & seconds

PAUSE

Figure 2. Flow of the randomized controlled study and the present interview study.
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Data Collection

Individual telephone interviews were conducted using a
semistructured interview guide with open-ended questions. The
first author devel oped the interview guide, which was discussed
inthe research group to refine the questions. To determinewhich
topics could be worth investigating further, we used information
from the participants' answers to open-ended questions about
their experiences of the app-based treatment in the follow-up
questionnaire from the RCT. Some of the research team also
had previous experience in internet-based treatment of
incontinence, which influenced our preunderstanding.

The topics covered in the interviews were as follows: the
participants’ expectations about using an app for treatment, their
experiences of using the app, their relationship and interaction
with the app during the study, and their experiences performing
PFMT independently.

Thefirst author 1A, who isageneral practitioner, conducted all
interviews. Assuggested for qualitative analyses, we performed
datacollection, transcription, and preliminary analysisin paralel
[19,20]. This approach made it possible to adapt the interview
guide when new, interesting aspects emerged. For example, we
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added questions to explore in more detail how the participants
interacted with the app. We also added questions about the
participants’ expectationsfor the app and their views on PFMT,
in general.

Interviews were recorded and transcribed verbatim. The first
author transcribed 8 of the 15 interviews, and an experienced
medical secretary transcribed the remaining 7 interviews. The
interviewer wrote short memos after the interviews.

Data Analysis

We performed the analysis according to the constant comparison
techniquesin the grounded theory [20]. Our goal wasto provide
an informative, rich description rather than develop a theory.
Theanalysisstarted directly after thefirst interview. All authors
independently read and coded the second and third interviews
according to meaning and content. The codes were then
discussed and sorted into different categoriesin ajoint session.
Most of the categories were developed at this stage. Interviews
410 10 were coded individually by thefirst and last authors (1A
and MS). The last five interviews were coded only by the first
author but the last author read them thoroughly, following
which, no new categories emerged.
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Table 1. Examples of codes, subcategories, and categories derived from a quotation.

Quotation Code Subcategory Category
That waswhat was so good about this, | cando this Do it at home « Easly accessible «  Something new!
at home myself, no need to book an appointment, Do it myself «  Low threshold

find the time and suit others.

Finding thetime

WEII, to get it sorted, get a regular reminder, get o Togetitsorted
the support day-in, day-out. «  Reminders
. Daily support

But | feel likel havefound my muscles, butthat I'm
still alittle bit uncertain about it, kind of. .

Feel | have found my muscles «
Still abit uncertain

Having to book appointments

. Motivational support «  Keeping motivation

up!

Insecurity about train-  «
ing correctly

Good enough?

After these steps, all authors read all interviews and met to
discuss the categories in relation to the original research
questions and see if the data were sufficient to answer our
guestions. After two additional meetings, we reached
conclusions about the categories. The first author reread all
interviews to check for similarities and differences in the
experiences described. This step was also away to see that the
categories were well grounded in the data and that there were
quotations that supported the findings (Table 1). We assumed
that we had reached saturation and included a sufficient number
of participants when we did not find any new categoriesin the
analysis and the categories we had found were well developed.

Results

Principal Findings

Fifteen women between the ages of 27 and 72 years were
interviewed (mean age, 47 years). They lived in different parts
of Sweden—rural areas, smaller towns, and larger cities. Ten
of the participants used iPhones and five used Android operating
systems on their mobile phones. The mean interview time was
34 minutes (range, 22-55 minutes). Most of the interviews took
place within 3 months after participants completed thefollow-up
guestionnaire in the RCT. Two interviews were delayed until
4 months after follow-up.

At the beginning of theinterviews, the participants spoke about
their incontinence problems as they were when the women
entered the study. Many of them described difficulties when
exercising as the biggest problem, followed by problems when
playing with their children or coughing or sneezing. Therewas
an ambivalence regarding how they viewed the severity of their
incontinence: Although they described it as annoying and
affecting their everyday lives, they did not call it abig problem
or something that restricted their lives.

Most participants had used apps for other purposes such as bank
transactions, social media, calendars, and training and had good
experiences. They found this technology uncomplicated and
useful in their daily lives.

The analysis resulted in a core category called “Enabling my
independence.” The underlying three categories were called
“Something new!” “Keeping motivation up!” and “Good

http://www.jmir.org/2019/3/€11296/

enough?’ and were each supported by several subcategories
(Textbox 1).

Enabling My Independence

Participants in our study seemed to be health conscious and
self-confident, because many of them were actively looking for
aself-management program to treat their incontinence. The core
category “Enabling my independence’ refers to their wish to
be independent while needing some external support (like an
app) to make it possible. Although disappointed with previous
advice and lack of support from health care, the women realized
that the only onesresponsible for actually performing the PFM T
were themselves. They had a strong sense of their own
responsibility and felt confident that they could perform the
training themselves. The participants were satisfied with trying
an app as a tool to support their training and felt that the app
helped them realize their wish to follow a PFMT program. It
made them fedl confident and empowered to know that they
had “done what they could” by themselves to treat their
incontinence. Although some women expressed awish for more
personalized support, they prioritized the fact that they could
handl e the treatment independently.

Something New!

New technology, Something New and Modern

Many of the women had searched theinternet for new treatment
programs and apps addressing PFMT. They had felt that an app
could be a suitable tool to use for treatment of incontinence:

And then | thought, maybe there’s an app, there must
be an app that helps me to do my pelvic floor
exercises, to remind meto do it, becauseit was mostly
the reminder | needed...

The participants perceived the app as a new and modern way
of helping them with their incontinence and described their
excitement and curiosity about trying it once they had found it.
They appreciated that there was an evolution of treatment
methods for this condition and that someone was doing research
onit. It made them feel that incontinence was an important and
prioritized problem:

Yes, great, solve it in a good, | mean use technology
in a good way to solve a typically feminine problem,
which otherwiseisjust a scrappy piece of paper from
the healthcare centre, you know.
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Textbox 1. Categories and subcategories under the core category “Enabling my Independence.”

Something new!
«  New technology, something new and modern

«  Low threshold, easily accessible

K eeping motivation up!
«  Motivationa support
«  Visualizing treatment

Good enough?
«  Unsure expectations of the result

«  Insecurity about training correctly

This feeling was in contrast with their previous experiences
with health care in which they felt that their incontinence had
been dismissed as a bana problem. They described treatment
programs that they had received as old, black-and-white
photocopies that were uninspiring and easily forgotten. One
woman felt that the advice she received was ignorant and old
fashioned:

And then to get a poor photocopy, you know, one of
those kind of cut-away views of the genital area. And
then just, yes well, it's also important for you to
exercise. And then, well I've tried to exercise and it
didn't go well, and then the next person | meet says,
like, yes, well, you just have to get used to this being
theway it is. Kind of despondent.

It seemed like a treatment program delivered via an app was
appealing, as much for its form—a new, modern, and “fun”
tool—as for anything else. Some participants also felt that it
was easier to talk to friends about a new app for PFMT than to
talk about incontinence.

Low Threshold, Easily Accessible

One main advantage with following a treatment program in an
app seemed to be the proximity to the app and the mobile phone,
making the treatment program easily available and convenient
to use:

As| use my phone every day and it feels so accessible,
well | thought, of course, | always haveit with me, so
it's easy to find a moment to do the exercises.

The participants appreciated that this treatment was easily
access blefrom home and was| esstime consuming than booking
appointments in conventional health care:

That was what was so good about this, | can do this
at home myself, no need to book an appointment, find
the time and suit others, and you know, that process
of booking a time.

The participants saw the app treatment asa“first-ling” treatment,
something to try first, before eventually looking for other help,
if necessary. However, thethreshold for seeking help in ordinary
health care seemed high, and for most women, it was not an
alternative at the time.

http://www.jmir.org/2019/3/€11296/

Keeping Motivation Up!

Motivational Support

Our participants described many barriers to achieving regular
PFMT, the most common of which was problems prioritizing
training, not being motivated enough, or forgetting to practice:

W, to get it sorted, get a regular reminder, get the
support day-in, day-out. Because there's so much
other stuff that, well you know, life just goes on asit
does, and then you end up never doing anything about
it becauseit feels a bit uncomfortable.

The possihility of receiving reminders was the main reason
participants had chosen to try an app, and they were convinced
that reminderswere what they needed to incorporate the routine
of training into their daily lives. Most women used the reminder
function and described how they tried to perform the exercises
when planned, although they sometimes had to postpone the
reminders because they were busy at work:

Of course, I've read all the brochures and I've
searched on the internet for pelvic-floor exercises,
but you just forget all about it, so what | wanted help
with was exactly this, to remember it more.

Participants not using the reminders stated that just seeing the
app on the mobile screen reminded them to do the exercises,
and one woman even described it as having a person next to
her, reminding her to perform the exercises:

It'sworks pretty much like when somebody tells you,
you know, that you have to exercise.

Some of the participants did, however, describe difficulties in
maintaining the same enthusiasm and motivation in the long
run. They reported that when the novelty of the app wore off,
the training program felt boring. In addition, they reported that
in the beginning, they were eager to follow each reminder
directly, but at the end of the 3 months, they sometimesignored
the reminders or became annoyed with them. One woman
described it somewhat dramatically:

So, during thefirst month | thought it was kind of fun,
because it was new. In the second month | thought
likethis; oh no...that phoneisringing again, time for
me to do my exercises, God how boring. And then
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during the last month | really had to, pretty much,
force myself to do it. But | thought it was so boring.

Another woman said that when her incontinence improved, she
lost some of her motivation to do the exercises. Thislossled to
an increase in her symptoms, and she planned to make a new
effort with the training:

My biggest problemwasthat | got pretty good resullts,
so | stopped doing them...So now the problems have
come back again. But | just need to start over.

Visualizing Treatment

The participants described the app as easy to use and having
few technical problems. Thetraining program gave them afixed
structure to follow, and they could individualize how fast they
wanted to proceed in the program. They particul arly appreciated
the way the app visualized the training by offering a moving
graph for each contraction. Thisvisual hel ped them seefor how
long and at what intensity they should contract and relax the
muscles:

Being able to see, partly to read the short intro and

also see the picture properly, well yes, it just gives a

completely different dimension in solving the problem.
Although the participants could memorize some of the exercises,
after a while, they mostly chose to look at the app when
performing them and reported that it hel ped them stay focused
on the exercise.

Good Enough?

Unsure Expectations of the Result

Despite high expectations from an app that supports training,
the participants were unsure of their expectations about the
actual treatment effect. They were “giving it a chance” or at
least getting a little bit better with the app:

| probably expected that after three months | would
be able to feel like | had done everything | could. |
did not expect to feel like, oh, now I’m going to be
cured for the rest of my life, but to know that | had at
least given it an honest chance.

Some argued that it was difficult to know whether the result
was good enough or if they could get even better if they
exercised more;

It has become much better. And that makes me wonder
about something, how good canit get actually?” Can
| actually become, like, really, really good?

Some rai sed questions about how to evaluate or measure muscle
strength:

And how good are my muscles, how well have |
trained them? You never know that, | don’t think you
ever get the answer sheet on that. Compared with
others, or compared with people that don't have
leakage. Are their muscles stronger than mine, and
things like that?

Some of the participants who did not get better after 3 months
expressed that they would have liked to talk to someone about
their results or lack thereof. They raised questions about what
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results could be expected, if they could get better by training
for another 3 months, and where they should go if they wanted
further help. At the sametime, they felt satisfied that they had
done what they could and felt that it helped them in their future
decisions about whether to seek further help.

I nsecurity About Training Correctly

After the treatment period, most participants felt confident that
they could perform pelvic floor muscle contractions, had better
control over their muscles, and had improved their muscle
strength. At the same time, they were unsure about whether
they could have been even stronger if they had contracted their
muscles “better” or in amore “correct” way:

But | feel like | have found my muscles, but that I'm
still a little bit uncertain about it, kind of...But you
never know of course, would | have been even better
if I had found my muscle groups better.

Although some participants would have liked someone to
confirm that they were contracting correctly, most felt that the
instructions within the app and their own experience performing
PFMT were sufficient for them to feel confident that they did
it right.

WEII, | seem to remember that there was some text
that said that in the beginning, you could feel for
yourself to see if you were contracting in the right
way, and | think that was good enough.

Participantswho felt that their incontinence symptoms decreased
considered this decrease a confirmation of the fact that they had
performed the training correctly.

No, it's more that I’ ve tested it out and feel that I'm
becoming successively stronger and stronger, so |
have gotten that confirmation, that thiswas something
important. Of course, the support in theinstructions,
what | would experience, that | would fed it dropping,
fed it relaxing, and that’s exactly what | felt.

Discussion

Principal Findings

This qualitative study explored women’s experiences using an
app-based treatment for SUI. We found that their experiences
could be grouped into three categories. When deciding to try
PFMT to treat their incontinence, the participants wanted some
kind of support, and they searched for something new and
something better than what they had previously tried, which is
described in the category “ Something new!” They also needed
some help with motivation and coaching to be able to carry
through the treatment they had engaged in, which is described
in the category “Keeping motivation up!” In addition, they had
to deal with the fact that performing a treatment independently
involves a certain amount of uncertainty, which is described in
the category “Good enough?’ The core category “Enabling my
independence” wasrelated to all other categoriesand illustrates
the women’s wish to take responsibility for their health and
treatment.
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Core Category: Enabling My Independence

Our participantswanted to improvetheir health by self-treatment
and thought that an app could be helpful. They had positive
attitudes toward apps and were motivated to engage with them.
This finding is in line with conclusions from a review by
O'Connor et a, which showed that people who want to be
healthier or have more control over their well-being are more
likely to engage with digital health interventions[21].

Our core category summarizesthe participants’ wish to manage
their incontinence and PFM T independently and the ways the
app could support them in achieving this. Similar findings have
been described in aqualitative study on amobile app to increase
physical activity, where the participants appreciated the
opportunity to use the app independently and described afedling
of being in control [22]. In addition, in a 2017 review of
perceptions of health-tracking apps for chronic illnesses, the
authorsfound that appswere an important support for managing
the chronic illness, and users felt empowered to independently
manage their illness [14].

Providing Treatment Using an App

Our participants compared the app-based treatment to other
self-management programs for SUI that they had tried before.
They perceived the app asamore modern and effective method.
It al so seemed that the chance to use new technology made them
feel likeincontinence was prioritized. Thisfinding isinteresting
and might be specific to an app dealing with a health condition
considered to be“embarrassing” or “taboo.” Asin our previous
study on internet-based treatment, some women reported that
participating in the study madeit easier to bring up the otherwise
sensitive topic of incontinence with friends and family [23].
Moreover, in this case, it is possible that the use of a new,
modern, and “fun” tool like an internet program or atraining
app facilitated awillingnessto “open up” the subject.

Our participants emphasized the convenience of using apps,
which has been well described in previous studies [24,25].
Anderson et al found that convenience was the main reason
people engaged with health apps [24]. The easy availability
makes interaction, recording, and reminders easy. Our
participants also found it lesstime consuming and embarrassing
to use an app for advice about incontinence compared to booking
appointments in conventional health care.

The participants described many barriersto performing regular
PFMT, and by using an app, they hoped to overcome some of
these barriers. The app was seen asatool to put good intentions
into practice. The app supported them in several ways—Dby its
mere presence on their mobile phone, by providing a fixed
structure for their training, and by reminding them to adhere to
that structure.

Forgetting to practice is a common problem in the
self-management of SUI, and reminders could be important for
adherence [26]. A study of apps for nutrition behavior change
for wei ght management found mixed perspectives on reminders
[27]. Some participants found them useful, but others found
them annoying, for example, if they arrived at inappropriate
times or were not discreet enough. Our participants expressed
little concern about this aspect, and one reason could be that
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they could individualize the reminders within the app to times
that were convenient. The ability to personalize or customize
app features is known to motivate app use [12]. Additionally,
the reminders in our study could be described as “cues to
action,” whereas in the study on apps for weight management,
the reminders appeared after a person had forgotten to record
something in the app.

The app helped visualize or “to see” the training, with the
moving graphs showing each contraction. The participants
continued to usethisvisual help even when they had memorized
the exercise, because they found it helpful for staying focused.
In astudy on mobile appsfor young peoplewith type 1 diabetes
[28], an important finding was that the app provided a new
visual understanding of diabetes self-management. All the
adolescent participantsin that study [28] used the verb “to see,”
and interestingly, our participants also commonly used this
exact expression. Thus, it seemsthat visual support/visualization
could be helpful for different popul ations and different diseases
and istherefore likely to be of general importance.

Some participants reported that their motivation declined during
the 3-month study period. One reason was getting bored when
the novelty of the app had faded. We also found that some
participants lost their motivation to continue when their
incontinence improved, whereas some lost motivation for the
opposite reason—lack of improvement. Both scenarios have
been previously described with appsfor other health conditions
such as pain management and nutrition behavior change for
weight management [24,27].

Perfor ming Pelvic Floor Muscle Training

An interesting finding is that most participants found PFMT
difficult and challenging, but at the same time, they felt
confident that they could master it well on their own. Some did
not feel completely sure that they were doing the pelvic floor
muscle contractions correctly, even though they could feel that
their pelvic floor muscle strength improved and their
incontinence symptoms reduced.

Difficulties in understanding how to do the exercises and
knowledge of whether they are done correctly are known barriers
to adherence to PFMT. Enablersrelated to these difficulties are
feedback, affirmation of progress, and professional involvement
[29]. Inthe context of self-management with the help of an app,
there are, of course, limitations to what kind of feedback is
possible. Nevertheless, most women can correctly perform
pelvic floor muscle contractions after asimple verbal cue[30].
There was information within the app explaining how to find
the “right” pelvic floor muscles and how to evaluate progress.
Most participants found that the information within the app and
their own experience made them confident that their pelvic floor
muscle contractionswere “ good enough.” The additional feeling
of uncertainty was possibly unrelated to a lack of knowledge
or skills for performing PFMT but rather related to a lack of
reassurance, which might be an inevitable aspect of
self-management treatment. Participantswho did not experience
improvement in symptoms where naturally more likely to wish
for personalized feedback.
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One explanation for why some participants had difficulties
evaluating their results could be that they had unclear
expectations about what resultsto expect with their incontinence
symptoms when entering the study. Goal setting playsarolein
promoting adherence to PFMT, as described in a report on
adherence strategies [31]. Similarly, in a study of experiences
with behavioral interventions for urinary incontinence, such as
PFMT, French et al found that factors that enabled clients to
adhere to PFMT were having realistic goals and expectations
[29]. Our app did not include an individualized goal-setting
feature. However, we encouraged participants to follow the
treatment program and practice PFMT three times daily for 3
months, which could be considered atraining goal.

Further Research and Implicationsfor Practice

Further research on app features that can increase adherence to
app-based treatments would be valuable, such as ways to
encourage goal setting for people using apps for
self-management. In addition, ways to increase motivation to
use apps in the long-term would be of interest. The impact of
more advanced features within apps, like more individualized
information and feedback, competition, or social sharing, could
be evaluated, bearing in mind that more complex apps might
lose some of their “ease of use”

The app Tét was designed for sustained use among women with
SUI. Theideaof using the app for more periodic treatment when
the symptoms (and the motivation to reduce symptoms) increase
is interesting. Periodic use is probably common with
self-management tools like apps. Although evaluated as a
stand-alone treatment program, in clinical practice, the app
could be used as a complement to other treatments such as
supervised PFMT within conventional health care.

The Téat app was designed asafirst-line, conservative treatment
program for SUI with afocus on PFMT. We have evaluated the
app with its different components as awhole, but we could not
determine which parts of the program have been effective. This
qualitative study has provided more insight into which parts of
the app treatment women appreciated and which parts they
found difficult. This information has aready led us to make
improvements in the app, such as adding audio sounds to the
exercises to simplify the training and including a calendar
function to facilitate self-monitoring of the number of exercises
performed. After the RCT was compl eted, the app was rel eased
for freein the App Store and Google Play in Swedish, English,
German, Spanish, Arabic, and Finnish. To date, 54,000 people
have downl oaded the app and answered our short questionnaire.
The app is CE (Conformité Européenne) marked as a Class 1
medical device in accordance with Swedish regulation LVFS
2003:11[32]. We arefollowing the use of the app to learn more
about who usesit and how well it works outside a study setting.

Acknowledgments

Asklund et al

Strengthsand Limitations

Thisisthefirst qualitative study of an app-based treatment for
SUI. We considered this interview study an important
complement to our RCT, because we wanted to understand how
and why an app treatment could be effective for SUI. Grounded
theory was asuitable method of analysis, becauselittle previous
knowledgeisavailable about this subject and we could not know
in advance what findings to expect.

One strength was that our participants used the app for along
time (3 months). This duration made it possible to explore
attitudes towards app interventions, factors that affected
motivation to use the app, and challenges with long-term
adherence.

The same interviewer performed al the interviews and did a
majority of the transcription, thereby obtaining a thorough
understanding of the material. Telephoneinterviews have some
obvious limitations such as the lack of body language and the
challenge of achieving personal contact without seeing the other
person. This difficulty might be one reason for the relatively
short interviews. On the other hand, the method madeit possible
to interview participants from all over Sweden.

Theinterviewer and all coauthors are family physicians, which
could be an advantage, sincewe are used to talking about urinary
incontinence with our patients. On the other hand, we might
have preconceptions about what constitutes the best treatment
method for women with incontinence.

We purposefully selected participantsto represent abroad range
of experiences, with variations in age and residence. The
educational level was overall high in our RCT, limiting
transferability to other groups of women with other educational
backgrounds. However, educational level has not been found
to affect the ability to learn or perform correct PFMT
contractions[30]. The high educational level might also reflect
the fact that use of health apps is still more common among
individuals with higher education [33].

Conclusions

Women using an app-based treatment program for SUI reported
that the app treatment enabled them to self-manage an up-to-date
treatment for their condition. They perceived the app as a new
and modern tool that isuseful for maintaining motivation when
performing a PFMT program. Many women had doubts about
whether their training results were good enough but accepted
that some level of uncertainty is inevitable with this kind of
independent self-treatment. The app is an appreciated way of
providing first-line treatment to women with SUI.
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Abstract

Background: Chronic diseases have a widespread impact on health outcomes and costs in the United States. Heart disease and
diabetes are among the biggest cost burdens on the health care system. Adherence to medication is associated with better health
outcomes and lower total health care costsfor individual swith these conditions, but the relationship between medi cation adherence
and health activity behavior has not been explored extensively.

Objective: The aim of this study was to examine the relationship between medication adherence and health behaviors among
alarge population of insured individuals with hypertension, diabetes, and dyslipidemia.

Methods: We conducted a retrospective analysis of health status, behaviors, and medication adherence from medical and
pharmacy claims and health behavior data. Adherence was measured in terms of proportion of days covered (PDC), calculated
from pharmacy claims using both a fixed and variable denominator methodology. Individuals were considered adherent if their
PDC wasat least 0.80. We used step counts, sleep, weight, and food |og datathat were transmitted through devicesthat individuals
linked. We computed metrics on the frequency of tracking and the extent to which individual s engaged in each tracking activity.
Finally, we used logistic regression to model the relationship between adherent status and the activity-tracking metrics, including
age and sex asfixed effects.

Results: Weidentified 117,765 cases with diabetes, 317,340 with dyslipidemia, and 673,428 with hypertension between January
1, 2015 and June 1, 2016 in available data sources. Average fixed and variable PDC for al individuals ranged from 0.673 to
0.917 for diabetes, 0.756 to 0.921 for dydlipidemia, and 0.756 to 0.929 for hypertension. A subgroup of 8553 cases also had health
behavior data (eg, activity-tracker data). On the basis of these data, individuals who tracked steps, sleep, weight, or diet were
significantly more likely to be adherent to medication than those who did not track any activities in both the fixed methodol ogy
(odds ratio, OR 1.33, 95% CI 1.29-1.36) and variable methodology (OR 1.37, 95% Cl 1.32-1.43), with age and sex as fixed
effects. Furthermore, there was a positive association between frequency of activity tracking and medication adherence. In the
logistic regression model, increasing the adjusted tracking ratio by 0.5 increased the fixed adherent status OR by afactor of 1.11
(95% CI 1.06-1.16). Finally, we found a positive association between number of steps and adherent status when controlling for
age and sex.

Conclusions: Adopters of digital health activity trackers tend to be more adherent to hypertension, diabetes, and dyslipidemia
medications, and adherence increases with tracking frequency. This suggests that there may be value in examining new ways to
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further promote medication adherence through programs that incentivize health tracking and leveraging insights derived from

connected devices to improve health outcomes.

(J Med Internet Res 2019;21(3):€11486) doi:10.2196/11486

KEYWORDS

activity tracker; health behavior; eHealth; mHealth; medication adherence

Introduction

Background

Chronic diseases affect approximately half of al adultsin the
United States, and they are the leading cause of death and
disability [1]. They also create asubstantial cost burden; patients
with chronic diseases accounted for 86% of al US health care
spending in 2010 [2]. Of the biggest contributors, 2 are heart
disease and stroke, estimated to cost US $315 billion in 2010,
and diabetes, estimated to cost US $245 billion in 2012 [3,4].
Prescription medication is a key component of treatment for
these diseases and their underlying risk factors, but adherence
to medication has historically been low for patientswith chronic
diseases[5]. Thisis problematic as poor medication adherence
can lead to poor health outcomes, which then increase health
care utilization and costs [6].

The benefits of high medication adherence have been well
established in diabetes, hypertension, and dyslipidemia, all of
which are major risk factors for heart disease and stroke. One
meta-analysis of studies in various disease areas, including
diabetes and heart disease prevention, found that good
medication adherence was associated with lower mortality, as
compared with poor adherence [7]. Medical and pharmacy
claims analyses have examined the relationship between
medication adherence and health care utilization and costs. In
1 analysis across diabetes, dydlipidemia, and hypertension, the
authors found that the annual total health care spending was
significantly lower for adherent patients than nonadherent
patients despite higher pharmacy costs in adherent patients[8].
The overall decrease in costs was driven by fewer
hospitalizations and emergency department visitsin the adherent
population. Analyses of other claims data sources have led to
similar conclusions [9-11].

Objectives

Given the rel ationship between medication adherence and health
care utilization and costs, efforts to increase medication
adherence have been well studied. Patient behavior is often a
key factor in individua medication adherence patterns, but
research on the relationship between adherence and health
activity behavior is limited [12]. Better understanding the link
between behavior and medication adherence could facilitate the
development of programs, tools, and approaches that improve
adherence and thus|ead to lower disease burden. With the recent
proliferation of digital health trackers for activity, sleep, and
diet, new data are available on these types of behaviors, which
provide new opportunities to examine how health behaviors
and lifestyles are linked to medication adherence. In 2013, an
estimated 2% of the US popul ation had used awearable device.
The use is growing quickly, with some estimates suggesting

http://www.jmir.org/2019/3/e11486/

that over 20% of the population owned a wearable device in
2016 and annual sales projecting to increase to more than US
$50 hillion by 2018 [13,14]. We leveraged medical and
pharmacy claims and other health behavior data from insured
individual sto examine the rel ationship between health behavior
and medication adherence. We sought to understand the
connection between digital activity-tracking behavior and
adherence for people with diabetes, dyslipidemia, and
hypertension, and we sought to understand whether engaging
with digital health trackers ties to changes in medication
adherence. This can provide insight on the value of using data
from connected devicesto understand health behaviors such as
medication adherence and improve health outcomes through
health engagement strategies.

Methods
Study Sample

Claims Data

The analytic sample was derived from Humana medical and
pharmacy claims and other health behavior data for an insured
population. All data were deidentified and complied with
requirements set forth by Humanas Protected Health
Information and Vendor Ethics committee. The study received
ingtitutiona review board (IRB) exemption from SolutionsIRB.

We identified cases with continuous health insurance coverage
from January 1, 2015to June 1, 2016 with at least 1 of 3 medical
conditions: diabetes, dyslipidemia, or hypertension. Health
conditions were established based on the International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) and ICD, Tenth Revision, CM (ICD-10-CM) codes,
which are official systems of assigning codes to diagnoses and
procedures associated with hospital utilization in the United
States. Individualswereincluded if they had at least 1 outpatient
visit or hospitaization with a specified 1CD-9-CM or
|CD-10-CM code, and they wereincluded if therewasarel evant
diagnosis between January 1, 2005 to September 1, 2015 (Table
1). People with multiple conditions were included in each
disease cohort.

The disease cohorts were further limited on the basis of
pharmacy claims. We defined 2 periods for examining
medication utilization: (1) the supply period and 2) theanalysis
period. The supply period (January 1, 2015-May 31, 2015) was
the baseline time frame during which we utilized pharmacy
claims to identify individuals who should be included in the
analysis on the basis of prescription fills and to estimate the
supply of medication in each patient’s possession at the start of
theanalysis period. Understanding the medication supply at the
start of the analysis period is necessary for correctly computing
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medication adherence during that period. The analysis period
(June 1, 2015-June 1, 2016) was the time frame in which we
tracked prescription refills and adherence rates as well as
activity-tracker use. To be included in the analysis, individuals
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must have had at least 1 pharmacy claim for an oral medication
relevant to the disease cohort during the supply or analysis
period (Table 1).

Table 1. Medica diagnosis codes used in condition cohort creation and classes of medication included in medication adherence anaysis.

Condition |CD-9-CM2 Codes |CD-10-CM b Codes Pharmaceutical treatment classes

Diabetes 250.x E08.x-E11.x Alpha-glucosidase inhibitors; dipeptidyl peptidase - 4 inhibitors;
glucagon-like peptide-1 receptor agonists, meglitinides; met-
formin/metformin combinations; sodium glucose cotransporter -
2 inhibitors; sulfonylureas; thiazolidinediones

Dydlipidemia 272.0,272.2.272.4 E78.0, E78.2, E78.4, and Bile acid sequestrants; cholesterol absorption inhibitors; fibrates;

E78.5 lipid-regulating agents; nicotinic acid derivatives; statins
Hypertension 401.x-405.x 110.x-115.x angiotensin-converting—enzymeinhibitors; Angiotensin |1 receptor

blockers; beta blockers; calcium channel blockers; clonidine; di-
uretics; hydralazine; renin inhibitors

3 CD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification.
bICD-10—CM: International Classification of Diseases, Tenth Revision, Clinical Modification.

Activity-Tracking Data

Additional health behavior datawere available for asubsample
of participantswho choseto use and link their activity-tracking
device to track and earn points and status awards (eg, gold and
silver) for participating in health and wellness activities. These
points could be redeemed via a Web-based store for activity
trackers, other fitness-related items (apparel, gear), and gift
cards. We extracted activity-tracking data—including step
counts, sleep duration, weight, and food logs. To focus on
individuals who make adaily active choice of whether to track,
we limited step counts in this analysis to those from tracker
devices rather than step counts collected passively via
smartphone.

Study Variablesand Analysis

The primary analysis examined the association between
medication adherence, as measured by proportion of days
covered (PDC), and activity-tracking metrics.

Medication Adherence

PDC isacommon metric in retrospective medication adherence
research, using pharmacy claimsdatato cal culate the proportion
of time that an individual had a prescribed medication on hand
for a given condition [15]. We computed PDC using both a
fixed and a variable denominator, as both methodologies are
commonly used [8-11,16,17]. Fixed PDC generally servesasa
lower bound for actual adherence, whereas variable PDC
generally serves as an upper bound [18].

Thefixed PDC methodology assumesthat an individual should
be taking medication during the entire analysis period [8,11].
Thus, we calculated the fixed PDC over a denominator of 1
year. The numerator is the number of days on which the
individual had the medication on hand, including medication
remaining from the supply period. In contrast, the variable PDC
methodology assumes that the individual should be taking the
medication only during the variable analysis period, defined as
the time period between the first prescription fill and the end
of the supply of the last refill [9]. Its numerator is the number
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of days on which the individual had the medication on hand
during this period. Individuals must have had at least 2
prescription fills during the analysis period to prevent trivial
variable PDC values of 1.0 from individuals who filled just 1
prescription during the analysis period [9]. For both the fixed
and variable PDC methodology, PDC values ranged from 0.0
to 1.0.

We calculated a drug-class-level PDC over the analysis period
for each therapeutic class of drugs used to treat the condition
for which theindividual filled prescriptions. We then calculated
the condition-level PDC for each individual as an average of
the per-individual drug-class-level PDCs for the fixed PDC
methodology and as a weighted average of the per-individual
drug-class-level PDCs for the variable PDC methodology. We
used the length of the variable analysis period as the weight for
each drug class variable PDC.

Finally, we used a threshold of condition-level PDC=0.80 to
define each individual as adherent or nonadherent for aparticular
condition. This is the threshold most commonly used in
medication adherence research [5,6,8,9,19]. In the sensitivity
analysis, we also considered a scenario where any individual
with at least 1 drug-class-level PDC>0.80 was classified as
adherent.

Activity Tracking

We computed several activity metricsfor each participant. First,
we created a binary variable indicating if the individual had
ever used an activity tracker during the analysis period (June
1, 2015-June 1, 2016). To understand how consistently
individualstracked their activities, we computed atracking ratio
for each individua: the ratio of days on which the individual
logged at least 1 activity to the total number of days between
the first activity logged and the most recent activity logged in
the analysis period.

To correct for highly variable tracking ratios for individuals
with little data, we created an adjusted tracking ratio. For each
individual m we modelled the observed tracking ratior = k/n
(where k is the number of days tracked and n is the number of
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total days between m's first and last day tracked) as a sample
from a Binomial(n, p). To create a shrinkage estimator of m's
true tracking ratio using the Bayesian framework, we chose a
Beta(a,[) distribution as our prior for m's tracking ratio. We
fixed a / (a+) to rmean, the sample mean of tracking ratios
across al individuals and fixed a+(3-2 to 10. After performing
aBayesian update using m's observed tracking ratio, Maximum
A Posteriori estimation of m's posterior tracking ratio was used
to generate a point estimate of m's true tracking ratio. With our
choicesof a and 3, the point estimate reduced to (nr +10 rmean)
/ (n+10). We call thisfinal result the adjusted tracking ratio.

Finally, to assess activity level, we computed steps taken per
week during which a tracker was used. We divided the total
number of steps taken by each individua in the measurement
period by the number of weeks during which they tracked steps.
We limited this metric to step count, which directly corresponds
to the desired healthy behavior (ie, exercise). Sleep, weight, and
food logging data were not used to assess activity level, asthey
do not have a direct linear tie to the desired healthy behavior
(eg, sleep duration can be too short or too long and healthy
weight is dependent on many other personal characteristics).

Statistical Analysis

We performed all analyses using both the fixed and variable
condition-level PDC adherent or nonadherent status, in turn, as
the outcome variable. We considered a result significant if it
achieved aP value of .05 or lessusing a2-sided t test, or in the
case of logistic regression, a 2-sided Wald test.

Association Between Adherence and Activity-Tracker
User (Trackersvs Nontrackers)

We used logistic regression to assess the relationship between
tracker versus nontracker status and fixed and variable adherent
versus nonadherent status, including an interaction term to
control for age and sex. We first built an overall model to
measure the effect across all conditions and activities.
Individuals with multiple conditions were accounted for under
each condition. We then built 3 separate models, 1 for each
condition, and then 4 additional models, 1 for each activity
(steps, sleep, weight, and food logs), for atotal of 7 modelsto
investigate any differencesin the tracker-adherence relationship
across conditions or activity types.

Association Between Adherence and Activity-Tracking
Metrics

We then used logistic regression to assess the relationship
between fixed and variable individua adherent versus
nonadherent status, frequency of tracking activities (asmeasured
by adjusted tracking ratio), and activity level (as measured by
steps per week tracked), including an interaction term to control
for age and sex. We performed this analysis across individuals
from all conditions, limited to those with at least 2 tracking
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eventsat least 10 days apart in the analysis period. Tracker data
are significantly autocorrelated over the span of afew days, so
the 10-day separation ensures at least 2 independent
measurements per individual. We built a model for each of the
2 activity metrics independently as well as a combined model
including both.

We performed all analysisusing Python version 2.7.10 (Python
Software Foundation), Spark version 1.3.1 (The Apache
Software Foundation), Pandas version 0.15.2 (Python Software
Foundation), and numpy 1.9.2 (NumPy Developers). We used
significance tests from the stats module in scipy version 0.15.1
(Scipy Devel opers). We performed our logistic regressionsusing
R version 3.2.0 (The R Foundation).

Results

Sample Characteristics

We identified 117,765 individuals with diabetes, 317,340
individuals with dyslipidemia, and 673,428 individuals with
hypertension who were included in the fixed PDC analysis.
Slightly fewer individuals qualified for the variable PDC
analysis, asit required at least 2 pharmacy claimsfor at least 1
relevant medication—102,322 for diabetes, 286,640 for
dydlipidemia, and 642,818 for hypertension. There was an
overlap among the disease cohorts, ranging from 11.89%
(37,719/317,340) of dyslipidemia individuals also having a
diabetes diagnosisto 86.66% (102,050/117,765) of individuals
with diabetes also having a hypertension diagnosis (Table 2).
Coronary artery disease was also acommon comorbidity, seen
in approximately one-thirds of each cohort. On average, the
population screened for diabetes was aged 70.5 years and
51.49% (60,641/117,765) females, for dyslipidemia was aged
70.8 years and 53.66% (170,289/317,340) females, and for
hypertension was aged 708 years and 56.01%
(377,183/673,428) females (Table 2). Individuals with tracker
activity were younger with an average age of 52.3 years for
diabetes, 55.1 years for dydipidemia, and 52.5 years for
hypertension (Table 3).

Medication Adherence

Average PDC was similar across the conditions and was higher
using the variable methodology than using the fixed
methodol ogy. Fixed methodology PDCs ranged from 0.673 for
diabetes to 0.756 for dydlipidemia and hypertension, and
variable methodology PDCs ranged from 0.917 for diabetes to
0.929 for hypertension (Table 4). The percent of individuals
classified as adherent (PDC=0.80) showed similar trends,
ranging from 48.09% (56,630/117,765) for diabetesto 61.64%
(195,606/317,340) for dyslipidemiafor the fixed methodol ogy
and 85.38% (87,365/102,322) for diabetes to 89.07%
(572,553/642,818) for hypertension for the variable
methodol ogy.
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Table 2. Participant characteristics summarized by condition for al individuals.

Quisel et al

Characteristic Diabetes Dyslipidemia Hypertension

Individual population, n
Fixed PDC? methodology 117,765 317,340 673,428
Variable PDC methodology 102,322 286,640 642,818

Age (years), mean (SD) 70.5 (10.7) 70.8 (10.8) 70.8 (11.7)

Sex, n (%)
Female 60,641 (51.49) 170,289 (53.66) 377,183 (56.01)
Male 57,124 (48.51) 147,051 (46.34) 296,245 (43.99)

Comorbid conditions, n (%)
Diabetes 117,765 (100) 37,719 (11.89) 102,050 (15.15)
Dyslipidemia 37,719 (32.03) 317,340 (100) 235,863 (35.02)
Hypertension 102,050 (86.66) 235,863 (74.33) 673,428 (100)
Coronary artery disease 40,931 (34.76) 96,169 (30.30) 254,212 (37.75)
Heart failure 16,745 (14.22) 35,936 (11.32) 81,362 (12.08)
End stage renal disease 2534 (2.15) 5055 (1.59) 10,041 (1.49)
Depression 12,085 (10.26) 29,655 (9.35) 78,035 (11.59)

Digital tracking activity, n (%)
None 116,974 (99.33) 313,741 (98.87) 666,956 (99.04)
Steps 758 (0.64) 3498 (1.10) 6243 (0.93)
Sleep 530 (0.45) 2460 (0.78) 4414 (0.66)
Weight 179 (0.15) 736 (0.23) 1513 (0.22)
Food logs 112 (0.10) 463 (0.15) 1050 (0.16)

8PDC: proportion of days covered.
Table 3. Participant characteristics summarized by condition for individuals with tracker data

Characteristic Diabetes Dysdlipidemia Hypertension

Individual population, n
Fixed PDC? methodol ogy 791 3599 6472
Variable PDC methodol ogy 653 3196 6064

Age (years), mean (SD) 52.3(10.2) 55.1(9.6) 52.5(10.5)

Sex, n (%)
Female 444 (56.1) 1813 (50.48) 3784 (58.47)
Male 347 (43.8) 1786 (49.62) 2688 (41.53)

3pPDC: proportion of days covered.
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Table 4. Medication adherence by condition as measured by mean proportion of days covered and percent of individuals classified as adherent.

Metric Diabetes Dyslipidemia Hypertension
PDC? mean (SD)
Fixed PDC? methodology 0.673 (0.320) 0.756 (0.291) 0.756 (0.256)
Variable PDC methodol ogy 0.917 (0.130) 0.921 (0.127) 0.929 (0.110)
Adherent (PDC=0.80), n (%)
Fixed PDC methodology 56,630 (48.09) 195,606 (61.64) 373,515 (55.46)
Variable PDC methodol ogy 87,365 (85.38) 248,709 (86.77) 572,553 (89.07)

3PDC: proportion of days covered.

Table 5. Medication adherence metrics by age and sex. Results are significantly different between age groups and female versus male at P<.001 using

a2-sidedt test.

Metric Age

<50 years (n=43,545)

>50 years (N=723,469)

Sex

Femae (n=427,546) Male (n=339,936)

PDC? mean (SD)

Fixed PDC methodology 0.629 (0.321) 0.753 (0.271) 0.745 (0.275) 0.750 (0.275)

Variable PDC methodology 0.882 (0.154) 0.928 (0.115) 0.925 (0.118) 0.927 (0.116)
Adherent (PDC=0.80), n (%)

Fixed PDC methodol ogy 17,785 (40.84) 414,009 (57.23) 238,638 (55.82) 194,503 (57.22)

Variable PDC methodology 34,010 (78.10) 640,439 (88.52) 375,430 (87.81) 300,410 (88.37)

3pDC: proportion of days covered.

M edi cation adherence was significantly associated with age and
sex. On the basis of age alone, there was a clear separation at
50 years between those who were more adherent and those who
werelessadherent. Adherence increased with age, with 40.84%
(17,785/43,545) of individuals younger than 50 years being
adherent across conditions as compared with 57.23%
(414,009/723,469) of those aged 50 years and older, using fixed
methodology (Table 5). Variable methodology showed asimilar
pattern, with 78.10% (34,010/43,545) of those younger than 50
yearsbeing adherent across conditions as compared with 88.52%
(640,439/723,469) of those aged 50 yearsand older. Maleswere
slightly but still significantly more adherent than femal es across
conditions, with 57.22% (194,503/339,936) versus 55.82%
(238,638/427,546) and 88.37% (300,410/339,936) versus
87.81% (375,430/427,546) being adherent under fixed and
variable methodol ogies, respectively.

Activity Tracking

Weidentified 8553 individualswho choseto link and share data
from a digital health tracker for at least 1 activity across step
counts, sleep, weight, and food logs, with step trackers being
the most common. Morethan 75% of theindividualswere using
a Fitbit device to log steps and/or sleep, approximately 10%
were logging steps via Garmin or Jawbone, and the remaining
15% were logging weight and food via Apple products (Watch
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and Health), MyFitnessPal, and RunK eeper, in decreasing order
of prevalence. Tracker usage was more common in people
younger than 50 years than in older populations, with 7.21%
(3139/43,545) tracking at least 1 of the 4 activities compared
with only 0.75% (5414/723,469) for individuals older than 50
years. Details on tracker usage by condition and type of activity
can be seenin Table 2.

Association Between Adherenceand Activity-Tracker
Use (Trackersvs Nontrackers)

Across conditions, simply engaging in activity tracking was
positively associated with medication adherence. When
controlling for age and sex, people who tracked at least 1 of the
4 activitieswere significantly more adherent to medication than
those who did not use any trackers, for both fixed adherent
status (OR 1.33, 95% CI 1.29-1.36) and variable adherent status
(OR 1.37,95% CI 1.32-1.43; Figure 1). Theresultsweresimilar
when broken down by condition and specific activity tracked,
with individual s who tracked a given activity more likely to be
adherent than those who did not track the activity, for both fixed
and variable methodologies and controlling for age and sex
(Tables 6 and 7). The only exception was for diabetes in the
fixed PDC modd; the tracker-adherent relationship was not
statistically significant (OR 1.12, 95% CI 0.96-1.30).
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Figure 1. Odds ratios of percent of individuals who are adherent (proportion of days covered, PDC=0.80) for individuals who use activity trackers
versus nontrackers illustrate the association between activity-tracker use and medication adherence. Lines within the bars represent 95% Cls. Results
are shown across conditions and activities tracked, while controlling for age and sex, and are significant at P<.001. PDC: proportion of days covered.
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Table 6. The association between tracker use and medication adherence by condition in terms of the odds ratio of percent of individuals who are
adherent (proportion of days covered=0.80) for individuals who use activity trackers versus nontrackers. Odds ratios are significant at P<.001 unless
otherwise noted.

Metric Diabetes (n=791), ORP (95% Cl) Dyslipidemia (n=3599), OR (95% CI)  Hypertension (n=6472), OR (95% Cl)
Fixed PDC?methodology ~ 1.12 (0.96-1.30)° 123(1.15-1.31) 1.38(1.31-1.45)
Variable PDC methodol ogy 131 (1.07-1.61)d 124 (1.13-1.37) 147 (1.36-1.59)

3pDC: proportion of days covered.
POR: odds ratio.

’p=.14.

9p=,009.

Table 7. The association between tracker use and medication adherence by activity tracked in terms of the odds ratio of percent of individuals who are
adherent (proportion of days covered=0.80) for individuals who use activity trackers versus nontrackers. Odds ratios are significant at P<.001 unless
otherwise noted.

Metric Steps (n=10,499), ORP  Sleep (n=7404), OR Weight (n=2428), OR Food logs (n=1625), OR
(95% CI) (95% CI) (95% CI) (95% CI)

Fixed PDC? methodol ogy 1.34 (1.29-1.40) 1.35(1.29-1.42) 1.21(1.12-1.32) 1.20 (1.09-1.33)

Variable PDC methodol ogy 1.37 (1.29-1.46) 1.38(1.28-1.48) 1.37 (1.21-1.54) 1.26 (1.09-1.45)°

3pPDC: proportion of days covered.
POR: odds ratio.
°P=.001.
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Association Between Adherenceand Activity-Tracking
Metrics

Frequency of activity tracking and activity level were also tied
to medication adherence. When controlling for age and sex,
individualswho tracked activities more frequently or who were
more active on the basis of step counts were significantly more
likely to be adherent for both fixed adherent status and variable
adherent status. In the logistic regression model, increasing the
adjusted tracking ratio by 0.5 increased the fixed adherent status
OR by a factor of 1.11 (95% CI 1.06-1.16) and the variable
adherent status OR by a factor of 1.14 (95% CI 1.07-1.22).
Increasing the steps-per-day-tracked by 2000 increased the fixed
adherent status OR by afactor of 1.07 (95% CI 1.04-1.09) and
the variable adherent status OR by a factor of 1.05 (95% CI
1.01-1.09). The combined logistic regression model, which
included both adjusted tracking ratio and steps per week tracked
to assess whether each predictor had an additive effect, gave
similar results for the fixed methodology adherent status.
However, in the combined variable adherent status model,
activity level did not have asignificant association with adherent
status.

Sensitivity Analysis

If any individual with at least 1 drug-class-level PDC>0.80 was
classified as adherent rather than basing the classification of
adherent or nonadherent on whether the condition-level PDC
was =>0.80, engaging in activity tracking remained significantly
and positively associated with medication adherence (fixed
adherent status OR 1.21, 95% CI 1.18-1.25; variable adherent
status OR 1.29, 95% CI 1.23-1.35). Just as in the base case,
results were statistically significant when broken down by
condition and specific activity tracked, except for diabetes in
the fixed PDC model (OR 1.14, 95% CIl 0.98-1.31). Frequency
of tracking and activity level were aso significantly tied to
adherent status in the logistic regression model, except for the
case of frequency of tracking for the variable adherent status.

Discussion

Principal Findings

Our analysisdemonstratesthat there isasignificant relationship
between medication adherence and activity tracking in
individuals with chronic diseases, after controlling for age and
sex. In particular, we found that people with diabetes,
dydlipidemia, or hypertension who use activity trackersare more
adherent to their medication than those who do not use activity
trackers. In addition, medication adherence improves as
consistency of tracker use and activity level increase. This
analysisis an important first step in using additional available
digital behavioral data to understand how health behavior ties
to medication adherence.

Theseinitia findings can beleveraged in avariety of clinically
meaningful settings, such as targeting medication adherence
initiatives. For example, considering that activity-tracking
indices like the ones described require significantly shorter
observation periodsto be computed accurately for anindividual
as compared with PDC (days vs months), health plans or
provider systems may usethisinformation as a predictive score
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to selectively target new members for various medication
adherence programs. Another use case is in enrollment for
clinical trialsof new chronic disease therapies. Trial recruitment
can be targeted at patients who use activity trackers on a
consistent basis, asthese patients can be expected to have better
medication adherence than nontracking patients of similar age
and gender. This can minimize the sample size necessary for
the trial. Targeting patients in this manner may be especially
useful for enrolling younger patients, who tend to be less
adherent yet significantly more likely to adopt activity trackers
than older patients.

Our analysis also exposes many areas for further exploration
into the relationship between patient behavior and medication
adherence. We demonstrate arelationship between engaging in
and consistency of activity tracking and medication adherence.
One could suggest that individuals with tracker activity are
being adherent to that intervention as they have a trait of
behavior by which they are generally adherent to heathy
activitiesand interventions. Thisissimilar to the concept of the
“healthy adherer”—the ideathat healthier people are generally
more adherent to medication than unhealthy people [6]. An
interesting avenue of exploration is whether activity tracking
isan independent indicator of adherence, inthe sensethat it has
additional explanatory power in predicting medication adherence
as compared with other healthy activities and interventionsthat
show an association with medication adherence or adherence
to other clinical care (eg, annua physical exams and glucose
monitoring). Another future research avenue is to understand
whether indices based on adherence to activity tracking are
responsive to longitudinal changes in medication adherence at
the individua level: does a sudden drop in activity tracking
predict a time period of lower medication adherence? If this
were to be the case, activity-tracking patterns could be used to
responsively monitor medication adherence and deploy timelier
interventions.

Limitations

This study has severa limitations. First, the findings are
associative and do not demonstrate a causal link between
adherenceto activity tracking and medication adherence. Further
research should be conducted to determine experimentally
whether active manipulation of the activity-tracking behavior
(eg, through incentives) leads to improved medication
adherence. Second, only approximately 1% of the population
in this study had data available from a linked digital health
tracker, which limits the generalizability of study results. The
study did not include traditional pedometers, and it did not
include datafrom individuals who used digital devices but who
did not link and share their data. Digital health tracker use is
more common in younger populations than older adults;
however, we expect applicability of these study resultsto grow
over time as digital health tracker use continues to grow. This
also may be enhanced as tracking capabilities, especialy
accelerometersfor tracking steps, have becomethe standard for
smartphones and thus are more accessible to wide audiences as
adoption of new smartphones grows. However, it remainsto be
seen if thelink uncovered between tracking and adherence will
still be present for those who use built-in smartphone technol ogy
for tracking, as less effort is required to track activity in this
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scenario than purchasing or downloading a dedicated wearable
or app.

This study is aso subject to limitations common across
claims-based analyses. Only insured individual s with pharmacy
claims were included in the analysis; data from uninsured
individuals or individuals who paid out of pocket for their
medications were not captured. We used PDC to measure
medi cation adherence, but it isan indirect measure of adherence
that assumes filling a prescription equates to taking the
medication. Individuals could fill but not consume prescriptions.
This analysis also does not capture any medication
discontinuations advised by a prescriber. Finally, we were only
ableto includeinteraction termsfor age and sex in our analysis
as other demographic factors such as income and education
level were not available in the dataset.

Quisel et al

Conclusions

Thisstudy demonstratesthat individualswho engagein activity
tracking have significantly higher medication adherence than
those who do not track their activities when controlling for age
and sex across thousands of people with diabetes, hypertension,
and dyslipidemia. The results were typically not dependent on
aspecific condition or activity tracked. The positive association
with medication adherence extended to frequency of activity
tracking as well as to physical activity level, as measured by
step count. Given the well-established link between poor
medication adherence and increased health care costs and
utilization, aswell asmortality, improving medication adherence
in chronic conditions continues to be a high-value objective.
This study isthefirst step in devel oping a better understanding
of how to use digital heath tools to understand and drive

medication adherence and subsequently lower the cost of
managing chronic diseases.
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Abstract

Background: Women are concerned about reducing their breast cancer risk, particularly if they have daughters. Social media
platforms, such as blogs written by mothers, are increasingly being recognized as a channel that women use to make personal
and family health—related decisions. Government initiatives (eg, Interagency Breast Cancer and Environmental Research
Coordinating Committee) and researchers have called for scientists and the community to partner and disseminate scientifically
and community-informed environmental risk information.

Objective: We developed and evaluated a blog intervention to disseminate breast cancer and environmental risk information
to mothers. We teamed with mommy blogger s to disseminate amessage that we devel oped and tailored for mothers and daughters
based on scientific evidence from the Breast Cancer and the Environment Research Program (BCERP). We posited that the
intervention would influence women's exposure to, acceptance of, and beliefs about environmental risks while promoting their
intention to adopt risk-reducing behaviors.

Methods: Using a quasi-experimental design, we recruited 75 mommy bloggers to disseminate the breast cancer risk message
on their respective blogs and examined the impact of the intervention on (1) readers exposed to the intervention (n=445) and (2)
readers not exposed to the intervention (comparison group; n=353).

Results: Following the intervention, blog reader scores indicating exposure to the breast cancer risk and prevention information
were greater than scores of blog readers who were not exposed (or did not recall seeing the message; mean 3.92, SD 0.85 and
mean 3.45, SD 0.92, respectively; P<.001). Readers who recalled the intervention messages also had higher breast cancer risk
and prevention information satisfaction scores compared with readers who did not see (or recall) the messages (mean 3.97, SD
0.75 and mean 3.57, SD 0.94, respectively; P<.001). Blog readerswho recalled seeing the i ntervention messages were significantly
more likely to share the breast cancer risk and prevention information they read, with their daughters specifically, than readers

who did not recall seeing them (x%,=8.1; P=.004). Those who recalled seeing the intervention messages reported significantly
higher breast cancer risk and prevention information influence scores, indicative of behavioral intentions, than participants who
did not recall seeing them (mean 11.22, SD 2.93 and mean 10.14, SD 3.24, respectively; P=.003). Most women ranked Facebook
astheir first choice for receiving breast cancer risk information.

Conclusions: Resultsindicated that blog readerswho were exposed to (and specifically recalled) the BCERP-adapted intervention
messages from mommy bloggers had higher breast cancer risk and prevention information exposure scores and higher breast
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cancer risk and prevention information satisfaction and influence scores than those who did not see (or recal) them. Mommy
bloggers may be important opinion leaders for some women and key to enhancing the messaging, delivery, and impact of

environmental breast cancer risk information on mothers.

(J Med Internet Res 2019;21(3):€12441) doi:10.2196/12441

KEYWORDS

breast cancer; environment and public health; risk reduction behavior; blogging; social networking; social media; health

communication; information dissemination

Introduction

Overview

Breast cancer is the second most common cancer diagnosed in
women [1]. Women, particularly those with apersonal or family
history of the disease and motherswith daughters, are concerned
about what they can do to reduce therisk of breast cancer [2-7].
In addition, when mothers advise their daughters about how to
reduce the risk, daughters tend to follow their advice into
adulthood [7]. Although clinicians, scientists, and advocacy
groups prioritize cancer screening to reduce the risk (eg,
mammograms and genetic testing), scientists have discovered
that environmental exposures (eg, having contact with certain
chemicalsor particlesthrough food, air, water, or touch) impact
women'srisk [8].

In response to increasing research on breast cancer risk and
environmental exposures, Congress passed the Breast Cancer
and Environmental Research Act in 2008. This resulted in the
initiation of the Interagency Breast Cancer and Environmental
Research Coordinating Committee (IBCERCC), which was
tasked with examining the state of this research. Their report
identified 7 recommendations, 2 of which centered on the need
for scientists to become engaged in dissemination, specifically
prioritizing community stakeholder engagement and trandating
research for the public [9].

The authors are members of 1 group actively involved in the
creation and dissemination of such research—the Breast Cancer
and the Environment Research Program (BCERP). Founded in
2003 and funded by the National Institute of Environmental
Health Sciences (NIEHS) and the National Cancer Institute
(NCI), BCERP researchers have conducted decades of studies
linking environmental factors and breast cancer risk. This
includes identifying endocrine-disrupting chemicals (eg,
phthalates and bisphenol A [BPA]) that could increasewomen's
risk and arefound in some personal care and household products
(eg, shampoo, detergent, and plastic bottles) [8]. BCERP
provides actionabl e stepsthat women and their family members
can take to reduce their exposure to these environmental risks.
In recent years, BCERP hasfunded projectsfocused specifically
on dissemination. The program currently disseminates this
evidence-based information free to the public viatheir website
[10].

Although women seek Web-based information about how to
reduce personal and familia risk of breast cancer [11], they
may not be obtaining reputable or scientificaly based
information that organizations such as BCERP provide.
Readability and accessibility are also issues. A recent review

https://www.jmir.org/2019/3/e12441/

of breast cancer and environmental risk information online
showed that most content is not disseminated at areadablelevel
with health literacy in mind [12]. There is also a plethora of
information on the internet from divergent sources, including
medical websites that are not regulated [13]. Websites are
discovered based on users’ search terms with no guarantee that
reputable sources such as BCERP are even reached. Thus, as
the IBCERCC report also identified, researchers need to do a
better job of disseminating breast cancer information in ways
that reach women. Dissemination approaches should also strive
to reach more women or have the potential for rapid diffusion
of information, the process by which information is spread
across channelsrapidly [14].

Social media offers an ideal dissemination channel with the
potential to reach an expansive group of women. Current
evidence [15] has shown that:

Social media are becoming preferred methods of
health promotion as evidence builds showing their
effectivenessin reaching public audiences...Evidence
about social media’s impact on health knowledge,
behavior, and outcomes shows these tools can be
effective in meeting individual and population health
needs.

Social media platforms, such as blogs, offer a way to
disseminate health information rapidly and expansively, educate
the public, and promote healthy behavior. Still, careful
application and evaluation is needed to obtain the desired
outcomes[15] as blog-based interventions can result in limited
exposure, messages not being tailored to the targeted audience,
or messages that do not account for health literacy or culture
[12,13,16]. Also, when it comes to online dissemination about
environmental breast cancer risk, accuracy is of concern [12].
Thisisparticularly truewith blogs[17], which have been shown
to betheleast accurate in comparison with other online sources
[12].

A recent review aso showed that online information about
environmental exposures is particularly complicated and, at
times, misunderstood [12], with more commercial-focused
online sources reporting known risk associations within
exposures like deodorant, which opposes research showing no
associated risk presented on more credible sites (eg, American
Cancer Society). Additionally, this review found that while
research may be presented accurately, the conclusions are not
always accurately drawn and appear to be driven by personal
motivations[12].

To ensure access and accuracy in the dissemination of breast
cancer risk information, scholars have recently called for a
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community-engaged approach, linking scientists with
community stakeholders to ensure that the public has accessto
the information and that it is disseminated in a manner that is
readable and relatable [18]. In line with the IBCERCC's
recommendation [9], mothers who blog, or mommy bloggers,
are an ideal community partner to disseminate information via
blogs to reach women. Their blog posts could integrate
scientifically based information in a manner that blog readers
can identify. Also, blogs written by mothers are increasingly
recognized as a channel that women utilize to make personal
and family health—related decisions [19-21], and as such,
mommy bloggers are often viewed asrelatable and trustworthy
by other mothers.

In addition, evidence-based strategies areintegral to successfully
disseminating health information viablogs[15]. These strategies
includetailoring messages with the audience or readersin mind.
Tailoring may involve user-generated (ie, blogger-generated)
content to promote acceptance (by using a trusted source that
content readers identify with), encouraging multipronged
approaches (multiple social mediaplatforms), integrating theory
during intervention development, and using tools to evaluate
the impact of the intervention on readers[15,22].

With these evidence-based strategies in mind, we aimed to
develop and eval uate atargeted blog intervention, teaming with
mommy bloggers to disseminate scientifically informed breast
cancer and environmental risk information (adapted from
BCERP) with the potential for rapid diffusion. The goal wasto
influence readers' (ie, mothers’) exposure to, acceptance of,
and beliefsabout environmental riskswhile promoting intentions
to adopt risk-reducing behaviors. In addition to testing the
efficacy of this approach, we sought to shed light on how such
an intervention may extend farther than targeted readers or how
readers may share the information across other platforms.

Getting the Message Out There: Blogging About
Reducing Breast Cancer Risk

For many, theinternet isaprimary source of health information,
including information about reducing breast cancer risk
[11,23,24]. Peopleincreasingly seek health information through
social media, such as Facebook, Twitter, and blogs, where
knowledge is shared within a relational network facilitated
through an online community [25]. Theinteractive and relational
nature of social media alows individuals to connect with and
reach broader audiences to address a range of health issues
[26,27]. Therefore, blogs may represent an optimal social media
channel for disseminating breast cancer risk information [19].

Blogscan berichininformation and promote interaction among
bloggers and readers. For instance, bloggers provide unique
content for their readers compared with other online
communities[28]. They display akeen understanding of readers
health needs and beliefs [19,28] and typicaly deliver
information in varied forms (eg, text, multimedia, and links to
Web resources) that are shared interactively viabloggers' posts
and exchanges of readers comments [19,29]. This online
interaction generates a larger community network, extending
beyond the blog [30-32]. Bloggers and readers may share blog
content online (eg, via Facebook, Twitter, and Pinterest) and
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offline (eg, with family, friends, coworkers, and community
groups). Thus, blogging can reach a broad audience.

In addition to facilitating interaction and reach, blogs represent
a unique channel where specific audiences (such as mothers)
can be reached and influenced. Bloggers can customize health
information in waysthat readersrelateto, asbloggersarelikely
perceived by readers as being similar in terms of beliefs,
experiences, and language [33,34]. In other words, blog readers
identify with the bloggers (eg, asawoman, mother, or survivor).
This increases the likelihood of readers acceptance, sharing,
and adoption of the information posted by the blogger [35,36].

Currently, there are about 3.9 million mothers in the United
States who identify as a blogger, and many mothers with
children at home turn to blogs for advice about health issues
[19,37]. Blogs written by mothers or those that focus on
motherhood topics—sometimes called mommy blogs —offer
the possibility of reaching an important target audience for
breast cancer risk information: women and their family members
[20,38,39].

Teaming With Mommy Bloggersfor Rapid Diffusion
of Information: Trusted SourcesWomen Can | dentify
With

Readers relate to their blogs in part because mommy bloggers
routinely tailor messages to their target audience (eg, using
strategies such as feminine rhetoric, humor, or personal stories
with photographs that women identify with) [40-43]. Bloggers
also direct their readers to relevant and accurate health
information on the internet [44]. Given their trusted status
among mothers, mommy bloggers could be used to disseminate
risk-reducing information and persuade readers to adopt or
respond to it [45]. In line with Rogers’ widely used diffusion
of innovation theory [14], mommy bloggers may be key to
disseminating such information.

Influencing Mothers' Risk-Reducing Per ceptions and
Behavior: Diffusion of Innovation Approach

As diffusion of innovation theory purports, early adopters or
innovators (readers) and opinion leaders (bloggers) are central
to the dissemination of new ideas to the public. Mommy
bloggers could promote rapid diffusion of the information
through larger blogging networks when bloggers adopt the
message (ie, post the content and endorse it), which can
influence readersto do the same. Thus, bloggers can be viewed
as opinion leaders who may drive diffusion and uptake of
environmental breast cancer risk information by their readers
[14,19,45]. The risk-related content may heighten the urgency
of the message, and the message’s effects may be further
amplified through bloggers’ and readers comments, shares,
and likes [46].

Thisinteractive and dynamic diffusion of information also has
the potential to influence women’s behavior, which is essential
to reducing cancer risk. Blog intervention studies show that
blogger-reader interactions can create a sense of immediacy
about health topicsthat encourages readers' adoption of healthy
behaviors [47]. Moreover, the tailored context of the blog, in
conjunction with readers’ perceived source similarity [35], can
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influence women'’s adoption of recommended health behaviors
[47].

Despite the potential for mommy bloggers to serve as trusted
or rel atable sourcesto disseminate breast cancer risk information
to mothers, it is critical that bloggers disseminate accurate,
scientifically informed content [12]. Moreover, content should
in part be user-generated with a target audience in mind,
meaning that it should be produced in part with the bloggers
input [15]. To achievethis, collaborative message devel opment
(between scientists and bloggers) iswarranted to ensure women
receive accurate information in a format they trust and relate
to.

Targeting Mommy Blog Readers: Collaborative
M essage Development

Asdescribed, federally funded BCERP scientists and community
partners have developed and disseminated research to bring
awareness to the public about linkages between environmental
exposures and breast cancer risk. BCERP provides several
educational materials online, including a toolkit for mothers
with daughters. These mother-daughter—focused materials
specifically address how mothers can reduce their own and their
daughter’s risk by adopting healthier lifestyle choices together
(eg, eliminating products with BPA and phthal ates).

Many mothers with daughters are concerned and feel uncertain
about breast cancer prevention and their daughters’ risk [2,3,48].
However, when mothers advise daughters about how to reduce
risk, daughters adhere to their mother’s advice into adulthood
[7]. Talking about risk can be challenging. Younger daughters
often avoid or withdraw from such conversations[4,49], which
can trigger a physiological stress response[50]. Mothers have
reported using third-party approaches (eg, a magazine article)
to prompt interaction and ease their daughter’s comfort during
discussions [3,4]. Relatedly, recent research shows that
third-party Web-based approaches (eg, videos about
BPA/perfluorooctanoic acid and radiation risk) favorably
influence mothers' and daughters’ prevention behavior [16,51].

Mommy bloggers' posts could change mothers' knowledge and
beliefs about environmental breast cancer risk factors and
simultaneously function as a third-party approach to facilitate
mother-daughter communication. Even though the information
on BCERP's website is scientifically informed and expansive,
the format and manner in which these materials (a brochure,
flyer, and public service announcement) are delivered assume
women will obtain them, first by finding their website and then
by reading them on their own. Passive dissemination approaches
such as these do not ensure the information reaches the target
audience and, when used alone, are not likely to be trandated
to practice or result in behavioral change[52]. Moreover, these
materials are often lengthy and not in aformat ideal for social
media dissemination.

A more active diffusion of information or dissemination
approach on an interactive Web platform in which an influencer
(eg, blogger) communicates with women (their readers) ismore
likely to reach the targeted audience. Additionally, thisapproach
may prompt interaction within and outside the blog network.
By teaming with mommy bloggers, the evidence-based
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information could be integrated into a user-generated format
ideal for social media and delivered in a manner that their
readers (mothers) can relate to.

Research Foci

Asthe aforementioned research demonstrates, mothers look to
mommy bloggers for health information. By partnering with
mommy bloggersto disseminate evidence-based environmental
risk informati on about how mothers (and daughters) can reduce
breast cancer risk, we sought to increase women’s exposure to,
satisfaction with, and acceptance of environmentally focused
risk-reducing information. Thus, the first hypothesis (H1) was
posited:

H1: The use of a targeted online blog intervention
will increase blog reader’s exposure to and
satisfaction with the breast cancer risk and prevention
information compared with blog readers who are not
exposed to (or who did not recall seeing) the
intervention messages.

Given the interactive nature of blogging, we also wanted to
encourage the diffusion of this information within women's
larger socia networks. Previous research has not examined how
intervention messages stemming from mommy blogs might
influenceinteraction and information sharing among other social
media platforms. Therefore, the following research question
(RQ) was posed:

RQ1: How does the use of a targeted online blog
intervention encourage interaction and information
sharing about breast cancer risk and prevention
messages across other online social media networks?

Behavior change is the ultimate goa of a health promotion
intervention. According to the integrative model of behavioral
prediction (a reasoned action theory approach to health
promotion), several antecedents of behavior change should be
evaluated to understand and predict whether women will take
action [53,54]. These variables include acceptance of a
health-related message, beliefs about health and risk, and
intention to change. On the basis of thisframework, we posited
the second hypothesis (H2):

H2: The use of a targeted online blog intervention
will increase breast cancer risk and prevention
message acceptance, beliefs, and intentions to adopt
the guidance.

Finally, to reach a larger audience, it is critical that this
information is disseminated (or diffused) through channels
perceived as optimal by women [15]. Therefore, we aimed to
understand mothers preferred communication channels for
breast cancer and environmental risk and prevention
information. More than half of the US popul ation use 2 or more
social media platforms [55], and some individuals prefer
traditional, interpersonal (eg, face-to-face) communication
channelsbecause of cultural norms about discussing health and
risk topics [56]. To ensure women perceive mommy bloggers
as an optimal channel but also provide opportunities to refine
our intervention as necessary, we sought to learn about perceived
optimal channels more broadly. Therefore, thefollowing inquiry
was posed:
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RQ2: What are blog readers preferred
media/communication channels for  receiving
information about breast cancer risk and prevention?

Methods

This targeted social media intervention study involved a
guasi-experimental design to assess women's exposure to,
acceptance of, and beliefs about environmental risks while
promoting intentions to adopt risk-reducing behaviors.

Participants and Recruitment

After the ingtitutional review board approval, 3 groups of
participants were recruited: (1) bloggers involved in the
intervention, (2) readers exposed to the intervention
(intervention group), and (3) readers not exposed to the
intervention (comparison group). A convenience sample of
mommy bloggers, al women, was recruited through The
Motherhood [57], anetwork of more than 3000 diverse mothers
who blog about various topics including health. During the
recruitment process, efforts were made to find participants of
different racial or ethnic groups and geographic locations, as
well as prior experiences with breast cancer (either personally
and/or by family members). A total of 75 mommy bloggers

Wright et a

agreed to participatein the intervention (see Table 1 for blogger
characteristics).

Upon consent, all participants completed an online survey with
items about sociodemographics and breast cancer history. About
35 mommy bloggers had previously written about breast cancer
in their blogsin the past year. All of the bloggersin the sample
had children and 52 bloggers had daughters, specifically.
Bloggers posted messages on their blogs to recruit readers for
the intervention group.

The reader intervention group was comprised 445 blog readers
(435 women and 10 men) who follow one or more of the 75
bloggersinvolved in theintervention. The participating mommy
bloggers were asked to recruit their readers and direct them to
an online postintervention survey link. A total of 353 blog
readers (341 women and 12 men) made up the reader
comparison group. To minimize contamination between the 2
groups, readersin the comparison group were recruited through
aseparate set of mommy bloggerswho were affiliated with The
Motherhood network, but who did not blog about breast cancer
and were not involved in the intervention (see Table 2 for blog
readers’ characteristics). The comparison group bloggerswrote
about awide range of issues, including parenting concerns and
other health issues besides breast cancer.

Table 1. Sociodemographics and breast cancer or risk history of bloggers (n=75).

Characteristics Bloggers
Age (years), mean (SD); range 37.88 (7.02); 25-61
Income (US $) based on reported zip code, median 65,611
Race or ethnicity, n (%)
White 43 (58)
African American or black 15(19)
Asian or Pacific Islander 2(3)
Hispanic 14 (18)
Other 1(1)
Education level, n (%)
High school diploma 6 (8)
Some college 13 (14)
2-year college degree 6 (8)
4-year college degree 29 (37)
Graduate degree 21 (27)
Breast cancer or risk history, n (%)
Diagnosed with breast cancer 3(4)
Breast cancer 1 or 2 mutation positive 1(1)
Family history of breast cancer 50 (64)
Diagnosed first-degree relative 13(17)
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Table 2. Sociodemographics and breast cancer or risk history of readers, intervention group (n=445) and comparison group (n=353).

Characteristics

Intervention group

Comparison group

Age (years), mean (SD); range

39.33(10.82)% 19-83

37.74 (10.18); 19-81

Average income (US $) by reported zip code 65,709 67,435
Race or ethnicity, n (%)
White 389 (87.4) 304 (86.1)
African American or black 24 (5.4) 18(5.1)
Asian 13(2.9) 5(1.4)
Hispanic 28 (6.3) 27 (7.6)
Native American or Alaska native 5(11) 4(11)
Other 11 (2.5) 3(0.8)
Education level, n (%)
Less than high school 5(11) 2(0.5)
High school graduate 37(8.3) 26 (7.4)
Some college 86 (19.3) 69 (19.5)
2-year college degree 65 (14.6) 32(9.0)
4-year college degree 152 (34.2) 145 (41.1)
Graduate degree 100 (22.4) 79 (22.49)
Breast cancer or risk history, n (%)
Diagnosed with breast cancer 16 (3.5) 10(2.8)
Breast cancer 1 or 2 mutation positive 7(1.5) 7(1.9)
Family history of breast cancer 119 (26.7) 150 (42.4)
Diagnosed first-degree relative 72 (16.2) 59 (16.7)

agjgnificant difference for age between intervention and comparison groups, t7g4=2.110; P=.03.

The reader intervention group completed an online
postintervention survey after the message exposure period. In
terms of frequency of use, 367 intervention group respondents
reported reading mommy blogs one or more days per week (78
indicated less than once per week). Many (n=280) reported
having daughters.

Blog readers recruited for the reader comparison group
completed the same postintervention online survey as the
intervention group. Respondents from this group (n=307)
mentioned reading mommy blogs one or more days per week
(46 reported lessthan once per week). Reader comparison group
respondents (n=227) aso reported having daughters. Participants
in the intervention and comparison groups only differed
significantly by age (t;g,=2.110; P=.03).

Intervention bloggers were provided incentives depending on
their reach. Bloggers with an overall reach of up to 100,000
were given US $125; bloggers with an overall reach of up to
200,000 were given US $200; and bloggers with an overall
reach above 250,000 were given US $300. Bloggers who
disseminated the reader comparison group survey were offered
US $50. Readers had the option to enter araffle to win 1 out of
5 US $100 gift cards.

https://www.jmir.org/2019/3/e12441/

Intervention Development and Dissemination

Message Devel opment

Our goal wasto devel op a message that was based on scientific
evidence as well as informed by the community we sought to
reach. First, to develop a scientifically informed message
suitable for social media dissemination, 2 authors analyzed
BCERP's online educational materials targeting mothers and
daughters[58]. The authorsidentified salient themesthat would
provide motherswith actionabl e stepsthey could taketo reduce
their own and their daughter’'s environmental risk for breast
cancer development. The remaining authors reviewed the
analysis and confirmed the identification of 4 salient messages
(or 4 steps mothers and daughters could take) communicated
across the materials. To facilitate social media dissemination,
a JPEG image with the 4 steps was created using language
extracted from BCERP's materials to ensure that information
was accurate and uneditable (see Figure 1). Second, we sought
to ensure that the message disseminated would also be
community-informed (or user-generated) to better ensurewomen
identified with the information. This aspect involved the
bloggers adding their own content (which is further described
below in procedures).

JMed Internet Res 2019 | vol. 21 | iss. 3 | €12441 | p.95
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Wright et a

Figure 1. Intervention message adapted from the Breast Cancer and the Environment Research Program materials.

4 Steps Mothers & Daughters Can Take Together to Reduce Breast Cancer Risk

I ntervention Procedures

Bloggerswere provided with adocument that included the study
protocol and instructions about when and how to integrate the
image or intervention message into their blog post. They aso
received procedures for completing the online survey and for
recruiting their readers to do the same. Bloggers were asked to
write ablog post during the National Breast Cancer Awareness
Month (October-November 2017) that includes the image and
targets mothers with daughters. In addition to the image,
bloggers were asked to include 2 sentences of text to identify
the source of theinformation (ie, BCERP). They werealso given
alink to additional online BCERP resources to include in their
post.

https://www.jmir.org/2019/3/e12441/
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Reduce your use of products with BPA

A chemical in some plastic bottles and plastic containers,
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Make healthy choices

When possible choose to use more fragrance-free products; use
glass containers for cooking, serving, and storing foods and drinks;
microwave food in glass containers, not plastic containers or plastic
wrap; and add fresh or frozen fruits and vegetables to your family’s

meals, instead of using canned foods.

Live a healthy, active lifestyle and make it
something you and your children do together

Include whole grains and beans, including soy, in your
children’s diet and reduce your use of foods with high amounts
of animal fat (like beef, pork, or chicken fat; butter, cream, or
cheese) when you shop, cock, or eat out.

The Breast Cancer and the Environment Research Program (BCERP) is a network of scientists,
physicians, and community pariners, funded by the National Insfitutes of Health (NIH),
studying the effects of environmental exposures that may affect breast cancer risk later in life.

To ensure that information disseminated on the blog wasin part
user-generated [15], bloggers were asked to use their experience
with their blog audience to integrate the image and required
text in amanner that they felt would be appealing to them (see
Figure 2). Bloggerswere not required but encouraged to promote
their post via other socia media channels (eg, Facebook,
Twitter, and Instagram) and to consider using the hashtags
#BCERP, #MotherDaughter, #BreastCancerRisk, and/or
#BreastCancerAwareness in their posts. They were told that
they could provide a link to their original blog post or link to
the BCERRP toolkit directly. Finaly, bloggers were asked to
post a message with links to the surveys to remind readers to
complete the online reader survey.
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Figure 2. Example mommy blog post with adapted intervention message.
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Analysis of Breast Cancer Messages Assaciated With
Seeded Mommy Blogs

To assess the degree to which the intervention encouraged
interaction about breast cancer risk messages among blog users
(research question [RQ] 1), the researchers used an online
tracking program, Tracx [59], to capture blog and related online
social media content associated with the targeted online blog
intervention. Tracx is a social media monitoring and analytics
program that uses Boolean search querying to track posts,
mentions, and conversations across different online channels
(eg, socia media platforms, news outlets, blogs, and forums)
through the program algorithms. Additionally, it populates the
number of author’s followers and total engagements per post.

The sample was collected between October 1 and December
31, 2017, by one of the authors, corresponding with the start of
the intervention and 2 months following it. To ensure
exhaustiveness, manual identification of posts and ensuing
reactionsacrossall platformswas performed in addition to using
Tracx. Out of 7897 total posts reported, 293 additional blog
posts, social media posts, and engagements were added
manually.

The frequency of the following key variables was reported by
Tracx: A post was the initial piece of breast cancer content
submitted to a blog post and/or other social media used by the
participating bloggers to reach their reader audience.
Engagement referred to any interaction with a post on a social
network including Google+, Facebook, Twitter, and I nstagram.
Aninteractionincluded likes, retweets, replies, shares, favorites,
and commentsin relation to the original post. Comments were
defined as any text or emoji response to a post on either the
original blog post or a post on social media.

Reach was operationalized asthe number of unique peoplewho
were potentially exposed to the original blog posts. The overall

Wright et a

reach of bloggerswas cal culated by the number of readers who
followed their blog. Multiple reactions from the same person
across channels were counted as one reach. Tracx was able to
match up the engagement, comment, and reach with each
mommy blogger origina post. Figure 3 demonstrates the flow
and timeline of the intervention process.

Blog Reader Survey Measures

The blog reader survey included a variety of measuresthat are
consistent with the diffusion of innovation theory [14], including
measures of message exposure, message satisfaction, message
acceptance or influence, and likelihood of sharing the BCERP
messages with the members of other socia networks.

I ntervention Message Recall

Recall of the intervention messages was assessed by the
following question: Did you notice breast cancer risk and
prevention information from the BCERP (Breast Cancer and
the Environment Research Program of the National Institutes
of Health) organization in any of the blog posts you read
recently? Respondents were also asked to list up to 5 different
blogs they followed in the past year to help the researchers
detect exposure to the intervention message on other blogs the
readersfollow. In thisway, the researchers could also determine
whether reader comparison group partici pants had been exposed
to the intervention message.

Exposureto Breast Cancer Risk and Prevention
Information

Exposure to information about breast cancer risk and prevention
was measured with a5-point Likert-type scaleitem: Theblog(s)
| follow has/have increased my exposure to information about
breast cancer risk and prevention, ranging from Srongly
Disagree to Strongly Agree.

Figure 3. Intervention process and timeline (2017). BCERP: Breast Cancer and the Environment Research Program.
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Satisfaction With Breast Cancer Risk and Prevention
Information From Blogs

Satisfaction with the breast cancer risk and prevention
information that blog readers were exposed to was measured
using a 5-point Likert-type scale item: Please indicate how
satisfied you are with the way the blog(s) you follow present
breast cancer risk and prevention information, ranging from
Not Satisfied at All to Very Satisfied.

Breast Cancer Risk and Prevention M essage Acceptance
or Influence

Breast cancer risk and prevention message acceptance or
influence was measured with 3 5-point Likert-type scale items,
including: How much did reading the recent breast cancer risk
and prevention blog posts influence your acceptance of the
message regarding breast cancer risk?; How much did reading
therecent breast cancer risk and prevention blog postsinfluence
your beliefs about breast cancer risk?; and How much did
reading the recent breast cancer risk and prevention blog posts
influence your behaviors to reduce your risk of breast cancer?
Each response ranged from Not at All to Very Much. These
measures were added together to create a composite score
(Cronbach alpha=.87).

Likelihood of Sharing Breast Cancer Risk and
Prevention Information From Blogs

Participant likelihood of sharing breast cancer risk and
prevention information from blogs was measured with a5-point
Likert-type scaleitem: In the future, how likely are you to share
with others any information about breast cancer risk and
prevention from the breast cancer risk blog post(s) you read in
the past year?, ranging from Not Likely at All to Very Likely.

Sharing of Breast Cancer Risk and Prevention
Information

All participants were asked, With whom did you share the
information from the breast cancer risk and prevention blog
post(s) you read? Participants could make their selection from
a drop-down menu that included various family members,
friends, coworkers, and others within their social networks.

Perceived | mportance of Breast Cancer Risk and
Prevention as a Topic

Participant perceptions of the importance of breast cancer risk
and prevention as a blog topic was measured with a 5-point
Likert-type scale item: How important to you is breast cancer
risk and prevention as a topic?, ranging from Unimportant to
Very Important.

Statistical Analyses

Significance Tests

Statistical analyses were conducted using IBM SPSS.
Independent sample t tests were performed in an initia

https://www.jmir.org/2019/3/e12441/
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assessment of differences between blog reader intervention and
comparison groups. Analysis of covariance (ANCOVA) was
conducted to test H1 and H2. Finally, achi-square analysis was
performed to analyze between-group differences in sharing
breast cancer risk and prevention information with others,
specifically daughters. Values were considered statistically
significant at P<.05.

Initial Comparison of Blog Reader I ntervention and
Comparison Groups

In terms of the perceived importance of breast cancer risk and
prevention as a topic, there was no significant difference
between members of the intervention and comparison groups,
t794=—1.004; P=.31. As expected, participants in the reader
intervention group were significantly morelikely to recall seeing
one or more of the intervention messages (n=165), x>,=42.9;
P<.001. However, 32 individualsin the comparison group also
recalled seeing the intervention messages on 1 of 5 other blogs
they follow. These individuals were treated as members of the
intervention or exposed condition in analyses, bringing the total
number of participants who recalled seeing one or more of the
intervention messages to 197 (n=197) versus the comparison
group (n=321).

Results

H1 posited that the use of a targeted online blog intervention
would increase blog reader’s exposure to and satisfaction with
the breast cancer risk and prevention information they received
compared with blog readers who were not exposed to (or who
did not recall seeing) the intervention messages. An ANCOVA
test comparing breast cancer risk and prevention information
exposure scores between participants who recalled seeing the
BCERP intervention messages versus those who did not, while
controlling for level of education, revealed that participants who
recalled seeing the intervention messages had higher breast
cancer risk and prevention information exposure scores (mean
3.92, SD 0.85) than those who did not (mean 3.45, SD 0.92;
F1400=25.78; P<.001; partial eta®=0.06). In addition, those
readerswho recalled the intervention messages had higher breast
cancer risk and prevention information satisfaction scores (mean
3.97, SD 0.75) than participants who did not recall seeing the
intervention messages (mean 3.57, SD 0.94; F; 409=19.86;

P<.001; partial eta?=0.047) supporting H1.

RQ1 asked how a targeted online blog intervention might
encourageinteraction or information sharing about breast cancer
risk and prevention messages across other socia media
networks. The Tracx-assisted content analysis of the breast
cancer messages associated with the participating bloggers
adapted intervention messages captured message reach, message
engagement, and number of comments as detailed in Table 3.
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Table 3. Freguencies of message posts, reach, engagement, and comments.
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Key metrics for social networking sites, n Blog Google+ Facebook Twitter Instagram Total
Posts 75 12 25 98 12 222
Reach? 310 21 247 648 1048 2153
Engagement® 1778 11 432 1742 3712 7675
Comments 283 0 60 0 181 524

3Defined as the number of unique people who were potentially exposed to the original blog posts.

PDefined as any interaction with a post on a socia network.

Moreover, a chi-square test revealed that blog readers who
recalled seeing the intervention messages were significantly
more likely to share the breast cancer risk and prevention
information they read, with their daughters specifically, when
compared with individuals who did not recall seeing them,

X*1=8.1; P=.004.

H2 predicted that a targeted online blog intervention will
influence breast cancer risk and prevention message acceptance,
beliefs, and intentions to act on the information provided to
reduce breast cancer risk. An ANCOVA test comparing breast
cancer risk information influence scores of intervention and
comparison groups, while controlling for level of education
(F1.407=13.89; P<.001) and age (F; 40;=8.93; P=.003), showed
significantly higher breast cancer risk and prevention
information influence scores (mean 11.22, SD 2.93) for those
who recalled seeing the intervention message when compared
with those who did not (mean 10.14, SD 3.24; F; 40;=9.16;

P=.003; partial eta?=0.022, supporting H2).

The second research question (RQ2) asked about mommy blog
readers media or channel preferences for receiving future
information about breast cancer risk and prevention. For the
intervention group, 14.4% (64/445) of participants ranked
Facebook as their first choice for receiving future information
about breast cancer risk, followed by 0.07% (31/445) who
ranked Twitter astheir first choice, 0.05% (22/445) who ranked
other social media first, 0.02% (8/445) who ranked blogs as
their first choice, and 0.01% (4/445) who ranked email astheir
first choice.

In the comparison group, 0.09% (35/353) of participants ranked
Facebook as their first choice for receiving future information
about breast cancer risk and prevention, 0.06% (21/353) ranked
Twitter astheir first choice, 0.01% (6/353) ranked other social
media astheir first choice, 0.01% (5/353) ranked blogs astheir
first choice, 0.008% (3/353) ranked email as their first choice,
and 0.003% (1/353) ranked mail (eg, postal system) as their
first choice. In terms of other preferred socia media, the most
frequently mentioned channels were Instagram (n=27) and
Pinterest (n=9). Other suggested channels for disseminating
breast cancer risk and prevention messages were YouTube
(n=3), text messages (n=3), medical websites, such as\WebMD
or PubMed (n=2), Google (n=2), and Tumblr (n=1).

https://www.jmir.org/2019/3/e12441/

Discussion

Principal Findings

The aim of this study was to examine whether a targeted
intervention in  which mommy bloggers disseminate
evidence-based information could increase mothers exposure
to and dissemination of breast cancer environmental risk and
prevention information and, ultimately, be a potential means of
persuading mothersto engage in behaviora changes that could
reduce their disease risk. To better determine the potential for
women to engagein risk-reducing lifestyle behaviors advocated
for in the messages, we investigated several antecedents to
behavior change (message satisfaction, acceptance and beliefs
about the information, and behavioral intentions to adopt the
guidance). Additionally, to ascertain the potential reach of this
intervention approach, we explored women's dissemination of
and preferencesfor information viaother social mediaplatforms,
allowing us to explore the potential for rapid diffusion viathis
intervention approach.

Resultsindicated that mommy blog readers who were exposed
to (and specifically recalled) the seeded intervention message
adapted from BCERP guidance had higher breast cancer risk
information exposure scores and higher breast cancer risk and
prevention information satisfaction and influence scores than
those who did not see (or recall) them. These findings are
consistent with previous theory and research on the influence
of social networks and opinion leaders within them on health
perceptions [14,19,32,45]. Thus, mommy bloggers may serve
as important opinion leaders for some women. Moreover,
mommy bloggers may be key to enhancing the messaging,
delivery, and impact of environmental breast cancer risk
information on mothers.

Our intervention involved both evidence-based and
user-generated message development. As such, our targeted
intervention demonstrated that future designers of breast cancer
communication interventions can provide online opinion leaders
such asmommy bloggerswith health information adapted from
evidence-based research from authoritative groups (eg, National
Intitutes of Health [NIH]). This may be especially important
in better ensuring that information posted on blogs is accurate
and credible given a recent study that showed that blogs are
often less accurate than other online sources [12]. Our findings
also show that it is important to include content generated by
the user (blogger). Online opinion leaders can tailor more
stylistic aspects of intervention messages and communicate
them according to their readers needs, experiences, and

JMed Internet Res 2019 | vol. 21 | iss. 3 | €12441 | p.100
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

preferences. Using established relationships between bloggers
and their readers may provide amore organic and collaborative
means of tailoring heath-related messages compared with
interventions where the message tailoring is conducted by the
researchers alone (based on target audience member feedback
and characteristics). Future studies should compare similar types
of message-seeding strategies via established opinion leaders
with more traditional message tailoring approaches to further
assess their potential variant influence on health outcomes.

In addition, findings reveal ed that disseminating health messages
through opinion leaders may influence the further dissemination
and amplification of those messages, meaning that there is
potential for rapid diffusion of information via social media
interventions. Findings of the Tracx analysis indicated that
initial mommy blog message posts were shared on a variety of
social networking sites, including Facebook, Twitter, Instagram,
and other blogs, with Instagram being the most widely used.
However, datafrom the blog reader survey (RQ2) indicated that
participants varied widely in terms of self-reported preferences
for how they would like to receive environmental breast cancer
risk information in the future. Overall, these findings suggest
that disseminating health information through blogs may have
an extensive reach. Information may be encountered by
individuals in one social media platform and then shared with
others across other (perhaps more preferred) social media. Our
Tracx data on message reach showed that some form of the
initial seeded intervention messages from the participating
bloggers was shared well beyond their initial blog reader
audience.

Moreover, this study found that reach, or rapid diffusion of
information, extended beyond online communitiesand platforms
toindividuals' personal networks. Our data showed that mommy
bloggers' posts spurred interaction about breast cancer risk
among women and their daughters, specifically. This finding
is an important reminder that health information encountered
via socia media is often shared in close relationships, which
may reinforce theimpact of theinformation on health behaviors.
Thisfinding is consistent with Rogers' diffusion of innovation
theory [14] and associated research that illustrates a 2-step flow
of information from mediato interpersonal conversations. Future
research would benefit from the use of social network analysis
to explorethe spread of message dissemination among bloggers,
their readers, and other online or face-to-face social network
members.

The findings also prompt questions about how to best prepare
women who use blogs and other social mediafor conversations
with their daughters about environmental breast cancer risk.
Communication competence is particularly of concern when
mothers talk to their daughters about risk-related topics since
these conversations can increase psychological and physiological
distress for daughters [3,50]. Other factors, including culture,
relational history, and age or maturity, make these conversations
even more complex to navigate. Future studies should consider
messages that incorporate tailored guidance for engaging in
family conversations about breast cancer risk.

Moreover, the findings indicated that the intervention message
had a modest impact on key study measures of exposure,

https://www.jmir.org/2019/3/e12441/
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satisfaction with the message, intentions to act on the
information, and likelihood of sharing the information with
others. One intervening variable was participant’s recall of the
message. Although we know that individuals who recalled the
message were more exposed and satisfied with them, and they
had stronger intentions to act on the information than the
comparison group, it is unknown whether they were recalled
from the origina blogger post, comments from online or
face-to-face social network members, or another social
networking site (eg, Facebook and Instagram). Future
researchers should take this into account when attempting
similar types of seeded messaging strategies. Although
researchers can track where information has been reposted or
replied to using programs such as Trac, it is often difficult to
assess (outside of self-reports) where people encountered
specific intervention messages within the social medialandscape
or how these transfer to interpersonal conversations. In addition,
since 42% of women in the comparison group had a family
history of breast cancer, it islikely that these individuals had a
keen interest in breast cancer prevention and could have been
prone to seek thisinformation on blogs (increasing the chance
for contamination between the treatment and comparison

groups).

The findings al so suggest that | nstagram was the most popul ar
other social media platform for blog readers. This is likely
because of Instagram’s ability to conveniently share or obtain
breast cancer information on a variety of other social media
channels (such as Facebook and Twitter). Future research should
examine how Instagram (and similar platforms) may enhance
thereach and impact of futureinterventionsthat attempt to seed
similar online opinion |eaderswith evidence-based breast cancer
and environmental risk and prevention messages.

Limitations

There are anumber of limitationsin this study. First, the study
relied on a convenience sample of participants using a
quasi-experimental design as opposed to arandomized treatment
or control group study. One of the reasonsfor thiswasthedesire
to work with naturally occurring bloggers and their established
online socia networks of readers. However, the lack of
randomized groups limits the generalizability of clams
regarding the efficacy of the seeded mommy blogger
intervention used in this study.

Additionally, the bloggers and blog readers tended to be highly
educated overall. Less than 10% of the intervention group or
comparison group members had a high school education or less.
The researchers are in the process of analyzing qualitative
interview data from a subset of ethnic minority and lower
socioeconomic status respondents who participated in this study
to assess how intervention messages could be tailored in more
culturally sensitive and educationally appropriate waysin future
research.

Yet, thefindings provideinsightsinto the value of thisapproach
while highlighting consideration for future research. Onefuture
direction would be to systematically assess what factors are
associated with greater likelihood of recall among participants
in this type of intervention. The education level was controlled
in this study, but other factors associated with education, such
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ashealth (or electronic health) literacy, could influence message
recall. To explore the impact of such factors on participant
recall, studies might employ interviews and/or other qualitative
methodsto see how user-centered design can beintegrated with
scientifically accurate information to devel op more memorable

messages.

Intermsof other limitations, blog readerstypically follow more
than one blog, and this might have led to contamination between
theintervention and comparison groups. However, we attempted
to correct this by asking readers to report up to 5 blogs they
visited most frequently in the past year. This alowed us to
discover individuals in the comparison group who saw the
intervention message. Furthermore, we were limited by the
number of survey items we could reasonably include, which
contributed to not being able to use larger multidimensional
measures of the key variables of interest. In future research, we
hope to capture more nuanced aspects of complex variables,
such as behavioral intentions to act on environmental breast
cancer guidance, as well as finding ways to better distinguish
between peoplewho actively disseminate intervention messages
and those who are more passive recipients of these messages
(ie, lurkers).

Finally, the use of longitudina research designs is important
when ng health knowledge and behavior change that may
result from asocial mediaintervention such asthe one reported
here. Given that the reader survey was administered over a
2-month period following the start of the mommy blogger
intervention, it is difficult to know about the long-term effects
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of exposure to these types of messages. Future studies need to
find creative ways to measure variables longitudinaly in an
environment that is dynamic in terms of online network
membership and the stability of specific social media channels
(eg, social mediaplatformsmay declinein popularity over time
and users may shift to newer platforms). This presents numerous
challenges in terms of deciding the best channel(s) for health
i ntervention messages, including those regarding environmental
breast cancer risk. Moreover, future researchers should consider
assessing mommy bloggers satisfaction regarding their
participation in terms of serving as opinion leaders in similar
interventions.

Conclusions

The study results showed promise for the utilization of online
opinion leaders such asmommy bloggersasinfluential channels
for the dissemination of both evidence-based and user-generated
environmental breast cancer risk messages. Moreover, thisstudy
shed light on how blog readers share environmental breast
cancer risk and prevention messages across different social
media platforms and the preferred channels for receiving this
type of information. Results also revealed the potential reach
of disseminating health risk information via bloggers. Mommy
bloggers may be especially primed to disseminate health risk
information geared toward mothers, and this channel may
effectively serve as a caalyst for mother-daughter
communication about breast cancer risk reduction. Mommy
bloggers may also aid interventionists in enhancing the
messaging, delivery, and impact of environmental breast cancer
risk information.
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Abstract

Background: Thelack of organ donors has become abarrier for the development of organ transplantation programs, and many
countries are currently facing a severe shortage of deceased organs. Media campaigns on social media have the potentia to
promote organ donation. However, little is known about what kind of media content is the most appropriate for this purpose.

Objective: Thisstudy aimed to analyze media posts regarding organ donation on Weibo, asocial media platform, and to identify
the media themes that are most advantageous in promoting public awareness and attitudes concerning organ donation.

Methods: Based on 16 million social mediausers’ posts randomly extracted from January 1 to December 31, 2017, 1507 reposts
of 141 distinct media posts relevant to organ donation were found. We analyzed the media posts' themes and examined their
effects in promoting public awareness about organ donation by comparing the number of reposts and comments they prompted.
The themes' impact on attitude toward organ donation was gauged using the comments indicating support and intentions for
organ donation.

Results: Overdl, 5 major themes were identified from the media posts, among which “organ donation behaviors’ constituted
the highest proportion (58/141, 41.13%). However, themes of “statistical descriptions of organ donation” and “meaningfulness
of donation” were the most influential in promoting awareness on organ donation: approximately 3 of 10 commenters for the
former theme and 2 of 10 commenters for the latter expressed intentions to become organ donors. These two themes, along with
“meaningfulness of organ donation for society,” a subtheme of “meaningfulness of donation,” were the most effective for evoking
support and intentions for donation.

Conclusions: A discrepancy was revealed between the media themes that were the most salient on the media agenda and those
that were the most effective in increasing organ donation awareness and intentions on social media These findings provide
guidance for campaigns on organ donation. The results also suggest the potential of campaigns on social media for promoting
prosocial health behaviors and highlight the importance of strategic message design for serving this goal.

(J Med Internet Res 2019;21(3):€13058) doi:10.2196/13058
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Introduction

Background

Organ transplantation has brought hope to people with illness
previously considered incurable[1]. However, the donated organ
isaprerequisite of organ transplantation, and the need for organ
donation hasincreased globally in the past years[2]. In China,
for every 30 patients requiring organ transplantation, only one
receives the organ [3]. Given the alarming extent of shortage
of organ donation, measures have been actively taken to promote
donation among citizens through policy making and
simplification of procedure. In 2013, the National Health
Commission of Chinaannounced the Provisions on the Human
Organ Procurement and Allocation to provide guidance on organ
donations [4]. Three years later, a fast channel for organ
donation registration wasal so provided on amajor e-commerce
platform, in which citizens could become donor volunteerswith
just a few clicks [5]. Despite these efforts, the number of
available organs is still below the requisite. Medica officias
and professionals indicated that the plausible reasons for this
shortage include the public’'s insufficient awareness of and
motivation for organ donation [3].

Role of Social Media in Organ Donation

Social media plays an indispensable role in the public health
landscape [6] and has the potential to leverage public
engagement for organ donation. As many people are becoming
accustomed to assessing health-related information online [6],
social media has been widely used for communicating health
information [7]. Individuals log on to social media sites to
interact with each other for a variety of health issues, ranging
from cancer [8] and e-cigarettes[9] to therole of virtual reality
in health care[10]. Regarding organ donation, social mediahas
also been broadly adopted for communication at the hospital,
community, and grassroot levels[11].

Despite functioning asavenue for information exchange among
peers, social mediaisaplatform for promoting health regimens
[6]. Information exchange usualy occurs via a top-down
approach and through campaigns. For example, the state health
departments in the United States actively disseminate health
information to citizens via Facebook and Twitter [12]. In
addition, the media plays an indelible role in leveraging health
topicsin the social mediaarena. The media has been providing
information on health topics such as lung cancer treatment [8]
and antibiotic usage [13] on social media. The media has also
been used for educational and promotional purposesfor various
health-related issues [2], including tobacco use [14], alcohol
consumption [15], and HIV prevention [16]. With many news
institutions using social media as a platform for disseminating
their reports [17] and numerous news consumers habitually
ng mediacontentsviasocial media[18], mediacampaigns
on social media may play an increasingly important part in
promoting public health regimens.

Effects of Organ Donation in the Media

In the context of organ donation, the public tends to resort to
the mediaand social mediasitesfor information, indicating the
plausibility of promoting this heath behavior via media
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campaignson social media. A thematic analysis of family dyads
discussion on organ donation exemplified this predilection by
revealing that the media was the most important source of
information for decision making in family dyads[19]. Previous
research regarding media effects also indicates that exposure
to media contents may shape people’s perceptions of organ
donation. For example, agenda-setting studies have shown that
the media could leverage the public's attention to the issues it
covers[20]; research on framing effects has shown evidence of
media’'s impact on people's attitudes [21]. Additionally,
empirical studiesrevealed that the public would be particularly
susceptible to media influence when their relevant knowledge
level was low [22], which suggests that the media may exert a
particularly pronounced influence on the citizens' attitudes
toward organ donation, astheir understanding of organ donation
is currently in a nascent state [3]. Several existing media
campaigns' effects have indeed been promising. For instance,
the news reports about World Transplant Games caused
noticeabl e surgesin organ donation in many regions[23], media
coverage of cornea donation boosted donation intentions in
Korea [24], and media campaigns elevated eye donation
awareness in Indiaand Ethiopia[25,26].

Besides the media’s active role in promoting organ donation,
the social media is an important arena for this purpose; for
instance, health educators have been communi cating about organ
transplantation on social media sites [27]. Previous research
suggested that several characteristics of social media makes it
advantageous for media campaigns. Not constrained by
traditional media readership of certain demographic groups,
social media allows for dissemination of information to
numerous citizens with various demographic characteristicsand
geographical locations [11,28]. Furthermore, when exposed to
social media contents, people are more inclined to conduct
additional information search [29,30] and express sentiments
[9], which may further amplify the media campaigns’ impacts.
In sum, the media effects and wide usage of social mediasuggest
the potential of media campaigns on social media sites.

Degpite the plausibility, the media's actual effects of organ
donation campaigns on socia media sites remain unknown.
Additionally, effective media campaigns require careful
selection of media contents; however, existing knowledge about
what kind of media posts are most suitable for organ donation
is inadequate. Organ donation cannot be increased by merely
distributing media posts, as the effect of persuasive messages
may not always meet the message designers’ expectations, and
some messages might even induce backfire effects [31]. For
example, research regarding health messages have cautioned
that the presence of smoking cues in antismoking messages
would weaken their persuasive effects [32] and that the success
of cancer campaignsis largely contingent on the nature of the
campaigns [30]. Effectiveness of media campaigns varies by
the type of issuesincluded and the specific campaign strategies
employed, and existing media campaigns for organ donation
have, in general, yielded mixed results, despite afew successful
cases[2].

Therefore, careful selection of media contents is crucial for
organ donation campaigns, and identifying the most appropriate
mediacontentsisacritical step for thispurpose. Previous studies
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haveyielded informative findings; for example, gain rather than
loss frames [33] and presentation of identifying information of
organ recipients instead of donors [34] would induce more
favorable reactions to organ donation. However, media posts
in anatural environment are complex and nuanced, which are
beyond the scope of the frameworks of these existing studies.
To address this concern, media posts on organ donation on
social media could provide valuable resources. An analysis of
the media contents may help in profiling the existing media
themes, and thethemes' effects could be assessed by approaches
such as examining the repost frequencies[35]. Additionally, as
the media posts and users’ reactions occur naturally, they could
serve asasimulation of actual mediacampaigns. Spotting media
themes that are most motivating for organ donation among the
existing postsisaso beneficial, asit allowsfor effective media
campaigns while maintai ning the existing journalistic practices.

Research Questions
This study addressed two research questions:

1. What arethe themes of the media contents regarding organ
donation on social media?

2. What effects do different media themes have on people's
attitudes toward organ donation, and which themes are the
most effective in promoting organ donation?

Methods

Data Collection

A total of 16 million Weibo users posts were randomly
extracted from January 1 to December 31, 2017, through
Weibo's application programming interface. Weibo is the
Chinese equivalent of Twitter, with an enormous amount of
mediapostsand 37.6 million monthly active usersin 2017 [36].
As such, it is a good source for observing the diffusion and
effects of media posts on social media. From this dataset, 7046
posts were extracted via key word searches including
combinationsof “organ,” “donation,” and “ shortage,” (eg, organ
donation and organ shortage) and the names of particular types
of organs (eg, organ, liver, and liver donation). The posts were
further manually filtered to include only reposts that contain
both the content of the posts and a distinguishable media source.
Thisprocedureyielded 1507 reposts, which served asthe dataset
for further investigation.

Data Analysis

Primarily, we identified major themes in the media posts. The
1507 reposts were attributed to 141 distinct mediaposts. Inline
with previous research, adirect content-analysis approach was
adopted to analyze these posts [37]. One researcher screened
the posts and proposed a codebook for categorizing them based
on media themes. Another researcher subsequently evaluated
the categorizations and provided suggestions. Consensus
between the two researchers was reached for al themes.
Following the procedure used by aprevious study [37], thetwo
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researchers then coded the first 30 pieces of the media posts,
which constitutes approximately 20% of the total. Disparities
in coding were discussed and resolved. If one post pertained to
two themes, it was labeled according to the more salient one.
Lastly, one of the researchers coded the remining posts. Media
themes of the postswereidentified, and all the mediapostswere
classified according to their themes.

When browsing mediaposts, social mediausers can repost with
a click and sometimes add comments along with the reposts.
Adopting the methodology of a previous study [35], we used
the reposting frequency of a post and the number of comments
it received as proxy measures of issue awareness promoted by
the post. The numbers of posts and commentsreceived for each
media theme were counted for this purpose. To gauge a
particular theme's contribution to organ donation awareness,
the repost/post ratio and comment/post ratio were cal cul ated by
dividing the total number of reposts and comments pertaining
to each theme by the total number of posts. For example, if 58
posts regarding “organ donation behavior” gained 295 reposts
and 37 comments, the repost/post ratio would be 295/58,
indicating that every post evoked approximately 5 reposts on
an average, and the comment/post ratio would be 37/58,
suggesting that every post induced approximately 0.64
comments.

In addition, the extent to which amedia theme motivated organ
donation was assessed based on the number of its comments
that expressed prodonation attitudes and stated donation
intentions. Using a similar procedure for the media content
analysis, the comments that indicated support and intention for
organ donation were coded and counted for each theme. The
number of comments pertaining to a theme that showed
prodonation attitudes and intentions was divided by the total
number of comments pertaining to the theme, yielding a
prodonation/comment ratio and intention/comment ratio,
respectively. For instance, the media posts under the theme of
“organ donation behavior” received 37 comments, of which 7
contained prodonation attitudes and 3 showed donation
intentions, which makes the prodonation/comment ratio 7/37
and the donation/comment ratio 3/37. The results indicate that
18.92% comments pertaining to this theme expressed support
for organ donation and 8.11% showed donation intentions.
Finally, the media themes' effectiveness in promoting organ
donation was assessed and compared based on theseindicators.

Results

Media Contents

Five major themes were derived from the 141 media posts:
organ donation behaviors, issues and policies regarding organ
donation, meaningfulness of organ donation, statistical
descriptions of organ donation, and organ donation practice
(Table 1).
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Table 1. Coded themes or subthemes of media posts for organ donation.

Jang et d

Theme and subtheme

Number of posts

Definition

Example

Organ donation behaviors

58

M eaningfulness of organ donation 28
Meaningfulness for donors 10
Meaningfulness for recipients 4
Meaningfulness for society 14

Issuesand policiesregarding organ donation 28

Statistical descriptions of organ donation 21

Organ donation practice 6

The text pertains to individual donors’
or their families' behavior related to do-
nation or the donation process

The text pertains to the meaningfulness
generated by organ donation

The text pertains to the meaningful ness
of organ donations for the donors

The text pertains to the meaningfulness
of organ donations for the recipients

The text pertains to the meaningful ness
of organ donations for society

The text pertains to the state and the
problems facing organ donation or poli-
cies that address these problems

Thetext pertainsto the stetistics of regis-
tered organ donors

The text pertains to the implementation
and procedure of organ donation

A father donated hisbeloved son’sorgan
after the son’s death in a car accident

A mother heard her deceased son’'s
heartbeat when she met her son’s organ
recipient

A mother heard her deceased son’'s
heartbeat when she met her son’s organ
recipient

An organ recipient was grateful to the
donor’s families and called them “mom
and dad”

Organ donation extends our lives

The “organ donation coordinator” was
employed to help alleviate the organ do-
nation shortage

In 2016, the number of registered organ
donation volunteers reached 104,528 in
China

A well-known medical professional per-
formed an organ donation transplantation

for apatient while on avisit to Beijing
for amajor conference

Among them, the largest proportion of the posts addressed
“organ donation behaviors’ (58/141, 41.13%). Thisthemerefers
to an individual donor or his family’s engagement with organ
donation (eg, “The father donated his beloved son’s organ after
the son passed away in a car accident”). “lIssues and policies
regarding organ donation” and “meaningfulness of organ
donation,” each constituted 19.86% (28) of the posts. Upon
close analysis, we found that three subthemes of
“meaningfulness of organ donation” were observed, based on
the subjects involved in organ donation: the meaningful ness of
donation for the donors, recipients, and society. The remaining
two themes pertained to “statistical descriptions of organ
donation” (21, 14.89%) and “organ donation practice” (6,
4.26%).

Sources of the media posts were also identified and classified
according to three commonly recognized media source
categories in China: official media, which was responsible to
the government ingtitutions; market-oriented media, which is
largely influenced by market competition; and self-media, which
isinitiated by individual persons or organizations [38,39]. The
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analysisrevealed that the three types of media, in general, have
taken equally active roles in disseminating organ donation
information. Specifically, market-oriented media produced
34.75% of the posts, official media had a marginally lower
proportion of 34.04%, and self-media produced 31.20% of the
total.

Media Effects

Of the five themes, “ statistical descriptions of organ donation”
had the highest repost/post ratio of 37.24%, indicating that the
mediapostsin thisthemetriggered 37.24 reposts on an average,
followed by “meaningfulness of organ donation,” with a
repost/post ratio of 14.04%. It is also noteworthy that among
its three subthemes, “ meaningfulness for recipients’ induced a
high repost/post ratio of 27.75%. By contrast, the ratios for
“organ donation practice” and “issues and policies regarding
organ donation” ranked low at 1.33% and 1.04%, respectively.
Regarding the comment/post ratio, “statistical descriptions of
organ donation” had a value of 7.71%, which was the highest,
and “organ donation behaviors’ had the lowest ratio of 0.64%
(Table 2).
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Table 2. Posts, reposts, and comments across media themes.
Mediathemes and subthemes Number of posts ~ Number of reposts ~ Number of comments ~ Repost/post  Comment/post
ratio (%) ratio (%)
Organ donation behaviors 58 295 37 5.09 0.64
M eaningfulness of organ donation 28 393 42 14.04 15
Meaningfulness for donors 10 198 24 19.80 24
Meaningfulness for recipients 4 111 11 27.75 2.75
Meaningfulness for society 14 84 7 6.00 05
Issues and policies regarding organ donation 28 29 4 1.04 0.14
Statistical descriptions of organ donation 21 782 162 37.24 7.71
Organ donation practice 6 8 0 133 0

Table 3. Prodonation attitudes and donation intentions expressed across media themes.

Media themes and subthemes Number of prodonations

Prodonation/comment  Number of donation Donation/comment ratio

ratio (%) intentions (%)

Organ donation behaviors 7 18.92 3 8.11
M eaningfulness of organ donation 16 38.10 9 21.43

Meaningfulness for donors 7 29.17 4 16.67

Meaningfulness for recipients 4 36.36 1 9.10

Meaningfulness for society 5 71.43 4 57.14
Issues and policies regarding organ donation 1 25.00 0 0.00
Statistical descriptions of organ donation 85 52.47 50 30.86
Organ donation practice N/A2 N/A N/A N/A

8N/A: not applicable.

Among the 1507 reposts, 245 contained comments, of which
109 expressed prodonation attitudes and 62 comments contained
clear donation intentions. These social media users showed
positive attitudes toward organ donations with both
straightforward claims such as | support organ donation” and
more nuanced tones such as “1t shows the advancement of our
society” Thereweretypical commentsregarding organ donation
intentions, such as“If | meet the requirements, | would like to
donate my organs.” The media themes were compared based
on the two indicators for prodonation attitudes and donation
intentions. The analysis showed that “statistical descriptions of
organ donation” generated the highest prodonation/comment
ratio of 52.47% and intention/comment ratio of 30.86%,
suggesting that 52.47% of the comments under this theme
contained prodonation sentiments and 30.86% included donation
intentions. “ M eaningfulness of donation” had the second highest
prodonation/comment ratio of 38.10% and a donation/comment
ratio of 21.43%. In addition, one subtheme of *“meaningful ness
of donation”—"meaningfulness for society”—had a
prodonation/comment ratio of 71.43% and adonation/comment
ratio of 57.14%. In comparison, organ donation behaviors had
both the lowest prodonation/comment ratio of 18.92% and the
lowest donation/comment ratio of 8.11% (Table 3).

The effectiveness of campaigns would be further enhanced if
the target audience could be profiled. Specificaly, it would be
informative to acknowledge people with characteristicsthat are
more likely to transmit the organ donation posts and who are
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more inclined to develop prodonation attitudes after media
exposure. Therefore, we took a further step to characterize the
people who reposted, commenters, donation supporters, and
self-reported donor volunteers by retrieving and analyzing
information on their sex and age. The social media users
characteristics in our sample were compared with those of the
original 16 million social mediausersto ensure that the observed
difference in the dataset of organ donation (ie, more young
people supported organ donation than the old) was not derived
from overrepresentation or underrepresentation of certain
groups. The analysis showed that femal eindividual swere more
likely to comment about organ donation than male individuals
and that the sex distribution of commenters in the datasets of
organ donation and the dataset of 16 million users was

significantly different (x,=23.0; P<.001). Moreover, individuals
younger than 30 years of age were found to be more likely to
repost after controlling for the age distribution in the origina
dataset (x%,=54.0; P<.001). For donation intentions, 62 people's
sex wasidentifiable, and among them, morefemal e (n=45) than
male individuals (n=17) expressed willingness to become
donors. Subsequently, we examined the characteristics of
self-proclaimed donors via similar approaches. The analysis
suggested that young people (aged less than 30 years) were
more likely to donate. However, these differences were not
statistically significant after controlling for the sex and age
distributions in the original dataset.

JMed Internet Res 2019 | vol. 21 | iss. 3 | €13058 | p.110
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Discussion

Principal Results

With social media and media, in general, taking increasingly
active roles in the public hedth arena [2,6], this study
empirically analyzed the effects of media for organ donation
onasocial mediaplatform. The analysisidentified mediathemes
that were most effective in promoting organ donation and
revealed a discrepancy between the themes that received the
most media spotlight (ie, “organ donation behaviors’) and
themes that were most impactful for public awareness and
attitudes of organ donation (ie, “ statistical descriptions of organ
donation” and “meaningfulness of organ donation™”). As organ
donation is emerging as a concern in many countries such as
China[3], the United States[34], and India[25], these findings
provide practical guidance for promoting organ donation via
campaigns on socia media. Furthermore, this study highlighted
theimportance of strategic message design in promoting health
regimens via campaigns on socia media and explored
methodological approaches to quantify the media effects by
using the existing online behaviora data

With respect to evoking the public’'s donation intentions,
“statistical descriptions of organ donation” was found to have
adominant advantage: 3 of 10 commenters were motivated to
become donors. “Meaningfulness of organ donation” and one
of its subthemes, “meaningfulness for society,” aso generated
a significant amount of donation intentions. These two major
themes were observed in the other aspects as well (eg,
prodonation attitudes). Their particular effectiveness in
provoking donation intentions may stem from social norms,
which could be promoted by the media, and influence peopl€e’s
behavioral intentions [40,41]. The media posts of “statistical
description of organ donation” might have activated a
descriptive social norm, which pertains to commonly adopted
behaviors[41]. In addition, “meaningfulnessfor society” might
be connected to injunctive norms, which concerns behaviors
that people think they ought to exhibit [41,42]. The notable
effectiveness of “meaningfulness for society” could also be
explained: As potential organ donation supporters tend to be
prosocial [43], addressing socia meaningful ness would further
activate their motivations to donate.

In sharp contrast with these two themes impacts, “organ
donation behaviors” had the weakest effect on promoting organ
donation intentions. This result is consistent with previous
experimental findings: Ascompared to identifying information
regarding the organ recipient, presenting information of the
deceased donors hel ped lessin motivating peopleto register for
donations, asit may induce thoughts of death rather than saving
lives [34]. This study’s findings lent more empirical support to
this tendency and cautioned against media's overemphasis on
the group of organ donors, which is a disadvantage not only
when compared to media themes regarding organ recipients,
but also when evaluated across the other themes.

Combining the findings regarding the salience and effects of
themediathemes, agap was observed between the mediathemes
that received the most media attention and those that were the
most advantageous in promoting organ donation. This
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discrepancy indicates an unrealized potential for the mediato
increase organ donations; media campaigns might fulfill this
goa by emphasizing donation trends and meaningfulnesswhile
curtailing the number of reports on ordinary individuas
donation behaviors. Furthermore, the themes that are
advantageousin promoting organ donation awareness, attitudes,
and intentions also provide templates for message designs for
future media campaigns.

An exploratory analysis was also conducted to characterize
social media users who were actively involved in the issue of
organ donation after exposure to the relevant media contents.
Theanalysisof characteristics of commentersrevealed patterns
including one showing that female individuals more actively
commented on organ donation than male individuals. This
finding is consistent with previous insights that female
individuals had higher level of engagement with social media
[10]. No significant difference based on sex and age was
observed for the group of potential donors after considering sex
and age distributions in the original dataset. This might be due
to thelimited number of commenterswho expressed willingness
to donate. Future studies may further explore the characteristics
of such critical groups with larger datasets.

Overall, this study examined the media effects of ahealth issue
on social media. Previous researchers pointed out that social
media has become an increasingly influential platform for
health-related campaigns and a rich mine for research on
health-related behaviors [6]. Echoing with these proposals,
studies have analyzed social media posts' rolein health-related
issues such as cancer awareness [7,30] and e-cigarette flavors
[35]. Building on previousinsights, this study further explored
social mediain the context of organ donation. Although many
existing studies addressed peer interactions and public discourses
regarding health issues on social media[10,35] or investigated
mediadiscourseswithout referring to specific platforms[44,45],
this study examined the mediarepresentation of organ donation
onasocia mediasite. Theanalysisrevealed major mediathemes
of an important health issue and yielded practical implications
for future mediacampaigns. Moreover, this study assessed social
media posts’ influence in additional aspects. Previous research
has model ed the information propagation of social media posts
based on the frequency of reposts [35], whereasthis study went
further by incorporating the posts’ influence on attitudes and
behavioral intentions. Admittedly, the operationalizations
employed are not necessarily perfect; nonetheless, thisapproach
was devel oped based on previous research frameworks [35]. In
addition, it serves as an initial step that may inspire further
methodological enhancement and suggests a route for creating
more comprehensive and informative indicators for the effects
on socia media. Lastly, this study undertook a step to
characterize the target audience for future campaigns, in
response to previous researchers suggestions for determining
the critical group [7,46]. Subsequent studies may profile the
target audience using a larger sample and additiona
perspectives. Besidesthe demographic characteristics, the socia
media users preferred topics and previously expressed
sentiments may also serve as aspects of their profile, and the
abundant data on social media alow for investigation on this
domain.
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Limitations

The quantity of the data for this analysis was not large, partly
due to general insufficient awareness about organ donation [3].
Future research may track the media contents and their effects
asthe organ donation issue gains more importance in the media
and public agenda. In addition, this study was conducted in the
context of China; future studies are needed to examine the
themes' effectsin other geographical and cultural contexts. This
study also found it difficult to establish a causal relationshipin
a natural environment, and it is possible that a social media
user’s expressed endorsement of organ donation originated from
sources other than media exposure. Neverthel ess, thisbias might
not be pronounced, asit islikely to exist for each of the media
themes, and the conclusions were based on the themes' relative
effects rather than absolute effects. Another limitation is that
not all people who reposted and devel oped donation intentions

Jang et d

after the media exposure would write commentsto expresstheir
thoughts; thus, the donation/comment ratio might be an
underestimated indicator. On the other hand, expressing intent
to donate might not be equal to the act of registering for
donation, which may produce overestimation in the observation.
Nevertheless, previous empirical studies have shown that
behavioral intention is associated with actual behaviors [47].
In addition, assessing people's organ donation attitudes via
comments have certain advantages, compared to other research
approaches like surveys, comments are helpful in avoiding
socially desirable answers. For example, in asurvey conducted
in 2015, 89.9% respondents expressed pro-organ donation
attitudes and 42.2% expressed donation intention [48]. Future
studies should devel op methodsthat allow for gauging donation
intentions more accurately or comparing and quantifying the
biases pertinent to different research approaches.
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Abstract

Background: Major depressive episodes (MDES) are prevalent in the workplace and affect workers' health and productivity.
Therefore, there is a pressing need for innovation in the prevention of MDEs in the workplace. Electronic mental (e-mental)
health programs are a cost-effective approach toward the sel f-management of stressand emotional issues. E-mental health dropout
rate, MDE prevalence, and symptoms greatly vary by sex and age. Thus, the development and implementation of e-mental health
programs for the prevention of MDEs need to be examined through a sex and age lens to enhance program use and effectiveness.

Objective: Thisstudy aimed to examine design feature preferences based on sex and age for an e-mental health program targeted
toward depression prevention.

Methods: Household residents across Canada were contacted using the random digit dialing method. 500 women and 511 men
who were 18 years and older and who were at high risk of having MDEs were interviewed. Internet use was assessed using
guestions from the 2012 Canadian Internet Use Survey conducted by Statistics Canada, and preferred design features of e-mental
health program questions were devel oped by the BroM atters team members. The proportions of likely use of specific features of
e-mental health programs in women were estimated and compared with those in men using chi-square tests. The comparisons
were made overall and by age groups.

Results:. Men (181/511, 35.4%) and women (211/500, 42.2%) differed significantly in their likelihood of using an e-mental
health program. Compared with men (307/489, 62.8%), women (408/479, 85.2%) were more likely to usethe internet for medical
or health-related information. Women were more likely to use thefollowing design features: practices and exercisesto help reduce
symptoms of stress and depression (350/500, 70.7%), a self-help interactive program that provides information about stress and
work problems (302/500, 61.8%), the ability to ask questions and receive answers from mental health professionals via email or
text message (294/500, 59.9%), and to receive printed materials by mail (215/500, 43.4%). Men preferred to receive information
in avideo game format (156/511, 30.7%). Younger men (46/73, 63%) and younger women (49/60, 81%) were more likely to
access a program through a mobile phone or an app, and younger men preferred having access to information in a video game
format.

Conclusions: Factors such as sex and ageinfluenced design feature preferencesfor an e-mental health program. Working women
who are at high risk for MDEs preferred interactive programs incorporating practice and exercise for reducing stress, quality
information about work stress, and some guidance from professionals. This suggeststhat sex and age should be taken into account
when designing e-mental health programs to meet the needs of individuals seeking help via Web-based mental health programs
and to enhance their use.

(J Med Internet Res 2019;21(3):€11224) doi:10.2196/11224
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Introduction

Major depressive episodes (MDEs) are prevalent in the
workplace and affect workers' health and productivity. In the
United States, workers with depression cost an estimated US
$44.01 billion per year in lost productivity [1]. One of the severe
consequences of having an MDE is suicide [2]. Given the
significant disease burden, there is a pressing need for
innovation in the prevention of MDEs in the workplace. A
number of approaches have been proposed and investigated to
help workers. Studies in the workplace have focused on
providing treatment servicesto employeeswith depression [3],
including cognitive behavioral therapy (CBT) conducted by
professionals, diagnosis of depression, enhanced primary care
delivery, treatment by medical doctors, integrated care
management, and worksite stress reduction [3-6]. At the
population level, despite the significant increase in
antidepressant use in the past two decades [7], there has been
no measurable change in the prevalence of MDEs in different
countries [8-11]. A recent systematic review concluded that
there is insufficient evidence to determine which
individual -based interventionsimprove depression management
intheworkplace[12]. In contrast, another recent meta-analysis
concluded that secondary interventions involving CBT-based
stress management and tertiary interventionswith specific focus
on work such as exposure therapy and CBT-based and
problem-focused return-to-work programs improved both
symptoms of common mental disorders and occupational
outcomes[13]. To date, most workplace responsesto the burden
of mental health problems have been reactive, with the
implementation of workplace interventions only being
considered once aworker is symptomatic or even on sick leave
[14]. Evidence suggests that various mental health problems
can be prevented [ 15]. Asaresult, policy makersand researchers
have begun to consider strategies aimed at early prevention
[15,16], for example, identifying and treating asymptomatic
persons who have already developed risk factors but in whom
the condition has not become clinically apparent (high-risk
individuals). From a public health perspective, universal
interventions are attractive for their ability to reach more
working adults and because they have the ability to reach
specified groups and individuals without screening them, an
exercise that has shown to be costly [17,18]. In terms of
depression prevention, one cost-effective strategy for helping
those who are at high risk of depression is an electronic mental
(e-mental) health program [19,20].

In the past decade, there has been considerable interest in the
delivery of e-mental health programs, that is, delivering mental
health services through theinternet or mobile apps. Web-based
interventions and mobile apps can be utilized for self-help or
for treatment purposes[21]. E-mental health programs are either
guided or unguided and draw on the internet and other media,
including video, phone, and apps for mobile phones and tablets
[22], and generally address 4 areas of mental health service
delivery: (1) information provision; (2) screening, assessment,
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and monitoring; (3) intervention; and (4) social support
(sometimes concurrently) [19]. The wide use of internet and
mobile devices has laid a strong foundation for eHealth
development. In 2011, 83% of Canadians reported using
Web-based services[23], and in 2014, 99% of young Canadians
reported having access to the internet outside of school [24].
The number of individuals using the internet to search for
medical or health-related information increased from 57.9%in
2005 to 69.9% in 2009 [25]. Over 60% of internet users use
wirelesshandheld devicesto accesstheinternet [23]. With such
a large portion of Canada’s population online and with many
young adults using the internet for health-seeking purposes,
e-mental health could be an effective approach toward the
self-management of stress and emotional issues and improving
service accessibility, geographic barriers, and anonymity [19].

The development and implementation of e-mental health
programs for the prevention of MDESs need to be examined
through asex and age lens. The prevalence of MDEsin women
is about two times higher than that in men [26]; however, the
Canadian national data show that in 2009, 76% of the total
number of suicides were committed by men [27]. Due to the
existence of gender norms and the desirability of perceived
masculinity, men are less likely than women to seek help and
to disclose depressive symptoms and often delay seeking help
until symptoms become severe [28,29]. Men are socialized to
be emotionally stoic and exemplify traditional masculine
characteristics such as independence, self-reliance, and
dominance[30]. Men are concerned over the perceived negative
judgments from family and friends if they access treatment for
depression. Furthermore, it has been found that being male
significantly increases the risk of treatment dropout for
self-guided Web-based interventionsfor depression, highlighting
differencesin treatment compliance and willingnessto complete
Web-based interventions [31]. These sex-related help-seeking
behaviors and social norms may influence men’s and women'’s
preferencefor the content and design features of e-mental health
programs and the likely use of the program to deal with
work-related stress. The use of eHealth programs may also be
related to age. For instance, some studies have demonstrated
that young adults are more likely to use eHealth programs than
the elderly [32], and other studies have shown that younger age
is related to low treatment adherence [31]. Given the lack of
consensus and knowledge regarding the sex and age differences
related to preferred design features and the likely use of e-mental
health programs, and treatment adherence, it is imperative to
explore design features that may increase their use and thereby,
their effectiveness.

In 2015, weinitiated aresearch project called BroMatters, which
aimed to develop and evaluate an e-mental health program to
be used by working men who are at high risk of having an MDE.
To guide the development of the e-mental health program, we
conducted a national survey in 2015 among working men who
wereat high risk of having an MDE, regarding their acceptance
and preferred design features of e-mental health programs[33].
In 2016, as a separate study, we repeated this survey in working
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women who were at high risk of having an MDE. The objective
of this analysis was to examine the sex and age differencesin
the acceptance and preferred design features of the e-mental
health program in male and femal e workerswho are at high risk
of having an MDE.

Methods

Participants

The 2 surveys employed the same methodology as described
in a previous publication [33]. The target population for the 2
surveys were individuals who (1) were working at the time of
the survey, (2) were aged 18 years or older, (3) did not have an
MDE in the past 12 months, (4) had no language barrier to either
English or French, and (5) were at high risk of having an MDE
based on sex-specific risk prediction algorithms [34]. The
random digit dialing method was used to contact household
residents across the country. Interviews were conducted by the
Bureau d'intervieweurs professionels (BIP) located in Montreal.
BIP has accessto household tel ephone and validated cell phone
numbers. The household contact was asked to retrieve or provide
contact information (eg, the first name) of the household
residents who were currently working. If there was more than
one potentially eligible individua in the same household, one
wasrandomly selected. Once the participant wasfully informed
about the objectives and procedures of the study, oral consent
and continuation of telephone interview were deemed as
adequate consent for participation. Data were collected using
computer-assisted tel ephone interviews, which were compl eted
by trained telephone interviewers in participants' language of
preference (English or French). Data collection occurred over
a period of 9 months between March and December 2015. A
minimum of 9 callback attempts were spaced over weekdays
for the duration of the data collection period. Participants
received a Can $20 incentive for each completed interview as
atoken of appreciation. Detailed call composition for themen's
survey can be found in our previous publication [33]. In the
women'’s survey, 47,555 phone numberswere called. A majority
of the calls (46,300/47,555, 97.36%) were not valid (not in
service, fax or modem, answering machine, language barriers,
ineligibility, duplications, and refusal before eligibility was
assessed). Among 1255 eligible women, 755 (60.1%) were
excluded from the study (prolonged absence, incomplete
guestionnaires, scheduled callbacks not within data collection
period, and refusal after eligibility was verified). The data
collection for women occurred between January and April 2016.
For the 2 surveys, 500 eligible women and 511 eligible men
were interviewed. The studies were approved by the Conjoint
Hedlth Research Ethics Review Board of the University of
Cagary.

M easur ement

The sex-specific multivariable risk prediction algorithms for
major depression were administered to estimate the risk
(probability) of having an MDE in the next 4 years for each
participant [34]. The risk prediction models were designed to
be used by individuals who did not have an MDE in the past
12 months. On the basis of participant’s exposure to a key set
of risk factors (predictors) in the model, the algorithm can
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generate the absolute risk and probability of having an MDE in
the next 4 years, analogous to the Framingham risk prediction
algorithm for coronary heart disease[35,36]. Therisk prediction
algorithms for MDEs were devel oped and validated using data
from 4737 Canadian men and 5864 Canadian women who were
aged 18 years or older and who did not have an MDE in the
past 12 months[34]. Therisk prediction algorithmsinclude age,
personal and family history of an MDE, childhood trauma, and
ongoing stress and life events. There are also sex-specific
predictors in the models (details regarding sex-specific
predictors in the models may be found in our previous
publication [34]). The predictive power of the risk prediction
algorithmswas measured by C statistics. The algorithm for men
had a C statistic of 0.7953 and the C statistic of the algorithm
for women was 0.7667 [34]. The models had excellent
calibration with data, as indicated by the Hosmer-L emeshow
test and visual comparison between the predicted and observed
risks by decile risk groups [34]. In our study, >6.51% and
>11.19% were defined as high risk for men and women,
respectively, which represents the top 2 decile risk groups in
the Canadian male and femal e popul ations.

Internet use was assessed using questions from the 2012
Canadian Internet Use Survey conducted by Statistics Canada,
including use of the internet in the past 12 months, number of
hours spent on the internet in the past week, use of the internet
to search for medical- and health-related information, and
perceived importance of the health information on the internet
for decision making.

Preferred design features of e-mental health program questions
were devel oped by the BroM atters team members. Participants
were asked “Wewant to hear your opinion about e-mental health
programs for dealing with work and stress issues. Electronic
health (eHealth) isdefined as...For the following features, please
indicate how likely it isthat you would usethem.” For 17 design
features, participants were asked how likely they wereto use a
feature and answered on a 5-point Likert scale ranging from
very likely to very unlikely. Open-ended questions were asked
about any other features they may want in an e-mental health
program, whether the participant and hisor her coworkerswould
use an e-mental health program to deal with work stress, and
what makes it difficult to use an e-mental health program. At
the end of this set of questions, the participants were asked
“would you or your co-workers use an eHealth program to deal
with work stress?’ The participants answered yes, maybe, or
no. For eligible participants, administering the questions and
instruments took an average of 22 min to complete.

Data Analysis

A total of 500 men and 511 women were included in the data
analysis. Responsesincluding do not know and refuse to answer
were excluded from the data analysis. There were no missing
data for demographic characteristics or genera and
health-related internet usage. The percentage of missing data
(ie, do not know and refuse to answer) for items regarding
preferred design features of an e-mental health program ranged
from 0% to 2%. Demographic and socioeconomic characteristics
of participants were tabulated. The proportions of general and
health-related internet usage were compared between women
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and men using a chi-square test. The proportions of likely use
of specific features of e-mental health programsin women were
estimated and compared with those in men using chi-square
tests. The comparisons were made overall and by age groups.
As men and women were compared in 17 specific design
features, the Bonferroni correction was used, and the
significance level was set at .003.

Results

Demographic Characteristics

Table 1 presents the demographic characteristics of the
participantsincluded in this study. Compared with men, women
were slightly older; were morelikely to be divorced, separated,
or widowed; and were more likely to have a lower personal
annual income, to have a part-time job, and to be from small-
or mid-sized organizations. Finaly, a higher proportion of
women obtained a higher level of education (partial or
completed university), as compared with men.

General and Health-Related Internet Usage

Table 2 presents the general and health-related internet usage
for men and women. Men and women did not differ significantly
in terms of the time they spent online or the means by which
they accessed the internet. For instance, 35.8% (175/489) of
men and 38.0% (182/479) of women indicated that within the
past 12 months, they had spent less than 5 hours per week
online. Similarly, the majority of men (408/489, 83.4%) and
women (413/ 479, 86.2%) accessed the internet using various
devices (mobile phone, tablet, etc). Both men (256/307, 83.4%)
and women (334/408, 81.9%) believed that being ableto access
health resources on theinternet wasimportant or very important.
Women (408/479, 85.2%) compared with men (307/489, 62.8%)
were significantly more likely to use the internet for medical
or health-rel ated information. Conversely, men (231/307, 75.2%)
were significantly more likely to state that the internet was
useful in helping them make decisions compared with women
(277/408, 67.9%).

When participants were asked “would you or your co-workers
use an eHealth program to deal with work stress?, women were
more likely to report yes than men (P=.04). Among 511 men,
35.4% (181) reported yes, 37.2% (190) reported maybe, and
21.9% (112) reported no, whereas among 500 women, 42.2%
(211) reported yes, 34.0% (170) reported maybe, and 16.4%
(82) reported no.

Preferred Design Features

Table 3 contains the preferred design features in an e-mental
health program for men and women. Men and women differed
significantly in terms of their emental health design feature
preferences. Compared with men, ahigher proportion of women

http://www.jmir.org/2019/3/e11224/

Smail-Crevier et a

stated that they were likely to use design features such as
practices and exercises to help reduce symptoms of stress and
depression (350/495, 70.7%), a self-help interactive program
that provides information about stress and work problems
(302/489, 61.8%), the ability to ask questions and receive
answers from mental health professionals via email or text
message (294/491, 59.9%), and to receive printed materials by
mail (215/495, 43.4%). Compared with women (104/496,
21.0%), ahigher proportion of men (156/509, 30.7%) preferred
having some of the program information about ways of dealing
with stress and work-related issues to be delivered in a video
game format. There were no significant differences between
men and women for the remaining design features.

Table 4 presents the preferred design features of an e-mental
health program for men and women by age group. Age
differenceswerefound in 3 design featuresin men and women.
Compared with older men, men in the youngest age group
(36/73, 49%) preferred to receive information on how to deal
with work and stress issues in video game format. Men aged
between 50 and 64 years (61/140, 43.6%) preferred to receive
printed materials by mail rather than having to print online
materials oneself, compared with younger men and men over
the age of 65 years. Younger men also preferred accessing a
program through a smartphone or as an app, with 63% (46/73)
of 18- to 29-year olds stating that they would likely use this
feature. Younger women also preferred accessing a program
through a smartphone or as an app (P<.001), considering that
of 489 women, 81% (49/60) of 18 to 29 year olds, 64.2%
(163/254) of 30 to 49 year olds, 36% (59/162) of 50 to 64 year
olds, and 15% (2/13) of women aged 65 years and older said
that they were likely to access a program in this manner. There
were no other significant age differences in men or women
regarding e-mental health design feature preferences.

Sensitivity analyseswere conducted in participantswho reported
likely use of an e-mental health program to deal with work stress
and in those with a history of an MDE. In participants who
reported likely use of an e-mental health program, information
delivered in avideo game format and receiving printed materials
by mail were still preferred among men (69/179, 38.0%) and
women (115/210, 54.8%), respectively. In addition, men
preferred to receive information about anger management
(98/180, 55%) and women preferred to chart and track mood
(133/209, 63.6%). There were no significant differences between
men and women for the remaining design features. In
participantswith a history of an MDE, women were morelikely
to use a self-help interactive program (139/218, 63.8%), to
receive information about improving sleep hygiene (153/216,
70.8%), and to receive printed materials by mail (91/216,
42.1%), and men were more likely to receive information in a
video game format (43/130, 33.1%).
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Table 1. Demographic and socioeconomic characteristics of the participants who were at high risk of major depression classified by sex.

Variable Men (n=511) Women (n=500) P value
Age (years), mean (SD) 42.0 (12.2) 44.3 (15.0) .002
Marital status, n (%) <.001
Married or common-law 389 (76.1) 342 (69.0)
Divorced, separated, or widowed 22 (4.3 68 (13.7)
Single 100 (19.6) 86 (17.3)
Personal income, n (%) <.001
<Can $30,000 60 (12.1) 130 (27.3)
Can $30,000-<$60,000 152 (30.6) 216 (45.4)
Can $60,000-<$80,000 98 (19.7) 69 (14.5)
Can $80,000+ 187 (37.6) 61 (12.8)
Education level, n (%) <.001
<High school 43 (8.4) 12 (2.4)
High school 107 (20.9) 81(16.3)
College 167 (32.7) 188 (37.7)
University or higher 194 (38.0) 217 (43.6)
Employment, n (%) .98
Employee 413 (81.5) 396 (81.0)
Self-employed 92(18.2) 91 (18.6)
Family business no pay 2(0.4) 2(0.4)
Job type, n (%) <.001
Full time 434 (84.9) 340 (68.0)
Part time 37(7.2) 130 (26.0)
Seasonal 18 (3.5) 10 (2.0)
Contract 19(3.7) 18(3.6)
Other 3(0.6) 2(0.4)
Size of company or worksite, n (%) .01
<50 276 (54.2) 290 (59.7)
50-499 149 (29.3) 148 (30.4)
>500 84 (16.5) 48 (9.9)
Provinces, n (%) .16
British Columbia 33(7.0) 58 (13.2)
Alberta 52 (11.2) 51 (11.6)
Saskatchewan 18(3.9) 15 (3.4)
Manitoba 20 (4.3 15(3.49)
Ontario 170 (36.6) 161 (36.7)
Quebec 141 (30.4) 109 (24.8)
New Brunswick 12 (2.6) 8(1.8)
Nova Scotia 12 (2.6) 13(2.9)
Newfoundland 4(0.9) 7(1.6)
Prince Edward Island 2(0.49) 2(0.5)
Language, n (%) 31
English 374(73.2) 380 (76.0)
http://www.jmir.org/2019/3/e11224/ JMed Internet Res 2019 | vol. 21 | iss. 3| e11224 | p.119

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Smail-Crevier et a

Variable Men (n=511) Women (n=500) P value
French 137 (26.8) 120 (24.0)

Work function impairment, n (%) 91
None 314 (62.9) 296 (61.4)
Mild 146 (29.3) 150 (31.1)
Moderate 36(7.2) 34(7.1)
Severe 3(0.6) 2(0.4)

Table 2. General and health-related internet usage during the past 12 months in men and women who were at high risk of major depression.

Internet use Men Women P vaue
n (%) 95% Cl n (%) 95% Cl
Useinternet for personal use (n=1011) 489 (95.7) 93.5-97.2 479 (95.8) 93.6-97.2 .93
Hours of internet use each week (n=968) .35
<5 hours 175 (35.8) 31.6-40.2 182 (38.0) 33.7-42.4
5-9 hours 137 (28.0) 24.2-32.2 144 (30.1) 26.1-34.3
10-19 hours 113(23.1) 19.6-27.1 102 (21.3) 17.8-25.2
20-29 hours 39(8.0) 5.9-10.7 35(7.3) 5.3-10.1
30-39 hours 11(2.3) 1.2-4.0 8(L7) 0.8-3.3
>40 hours 14 (2.9) 17-4.8 6(1.3) 0.6-2.8
Do not know 0(0) 0-0 2(0.42) 0.1-1.7
Accessinternet with asmart phone, tablet, 408 (83.4) 79.9-86.5 413 8(6.2) 82.8-89.0 .23
or other device (n=968)
Used internet for medical or health-related 307 (62.8) 58.4-67.0 408 (85.2) 82.1-88.4 <.001
information (n=968)
How useful wastheinternet in helping you make a decision (n=715) .04
Not useful 32(10.4) 7.5-14.4 41(10.1) 75134
Unsure 41 (13.4) 10.0-17.7 88 (21.6) 17.8-25.8
Useful 231 (75.2) 70.1-79.8 277 (67.9) 63.2-72.3
How important isit for you to be able to access health resources on theinternet (n=715) 22
Not important 31(10.1) 7.2-14.0 32(7.8) 5.6-10.9
Unsure 20 (6.5) 4.2-9.9 41 (10.1) 7.5-134
Important 256 (83.4) 78.8-87.2 334(81.9) 78.0-85.3
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Table 3. Proportions of preferred design features of e-mental health program in men and women who were at high risk of major depression.

Feature Men Women P value
n (%) 95% Cl n (%) 95% Cl
Practice and exercise to reduce stress 303 (59.5) 55.2-63.7 350 (70.7) 66.5-74.6 <.001
Information about improving sleep hygiene 313 (61.3) 56.9-65.4 329 (66.9) 62.6-70.9 .09
Educational materials 295 (57.8) 53.5-62.1 313(63.8) 59.4-67.9 .002
Self-help interactive program 244 (47.8) 43.5-52.2 302 (61.8) 57.4-66.0 <.001
Setting personal goals and tracking them 277 (54.6) 50.3-58.9 296 (59.9) 55.5-64.2 .02
Ask questions and receive answers from 253 (49.7) 45.4-54.1 294 (59.9) 55.5-64.1 .005
mental health professionals
Direct referral to health professional todeal 263 (51.7) 47.3-56.0 292 (59.5) 55.0-63.7 .004
with work and stressissues in person
Being able to access aprogram viaa 264 (52.0) 47.6-56.3 273 (55.8) 51.4-60.2 .39
smartphone or as an app
Watching videosonline on how to deal with 272 (53.3) 49.0-57.6 271 (54.5) 50.1-58.9 .58
work and stressissues
Receiving printed materials by mail 167 (32.7) 28.7-36.9 215 (43.4) 39.1-47.9 <.001
Chart and track mood 217 (42.6) 38.4-47.0 237 (48.1) 43.7-52.5 15
Access by phoneto atrained coachto help 211 (41.3) 37.1-45.6 235 (48.1) 43.6-52.5 .02
with work stress
Information about anger management 211 (41.5) 37.2-45.8 190 (38.3) 34.1-42.7 17
A risk calculator predicting futurerisk of 215 (42.6) 38.3-46.9 184 (38.1) 33.9-425 A3
having major depression
Online chat room 129 (25.3) 21.7-29.3 124 (25.0) 21.3-29.0 .25
Online peer connection 140 (27.5) 23.7-31.5 136 (27.8) 24.0-31.9 .02
Information delivered in avideo gamefor- 156 (30.7) 26.8-34.8 104 (21.0) 17.6-24.8 .002
mat
Table 4. Proportions of preferred design features of e-mental health program in high-risk men by age groups.
Feature 18-29 years 30-49 years 50-64 years >65 years P value
n (%) 95% Cl n (%) 95% Cl n (%) 95% Cl n (%) 95% Cl
Information delivered 250 (49.3) 37.8-60.9 151 (29.7) 24.6-35.3 120 (23.7) 17.3-316 108 (21.4) 6.0-54.0 .001
in video game format
(n=509)
Print materials by 105 (20.6) 12.6-31.6 159 (31.3) 26.2-37.0 222 (436) 355-52.0 73(143) 29480 .001
mail (n=511)
Accessprogramvia  320(63.0) 51.2-735 281(55.3) 49.4-61.1 211 (41.7) 33.7-50.2 145(28.6) 9.6-60.1 .003

smartphone or app
(n=508)

Discussion

Principal Findings

The datafrom the 2 national surveys demonstrate that men and
women who were at high risk of devel oping depression did not
differ intermsof their general internet usage. However, women
were more likely to use the internet for health- and mental
health—related information and demonstrated greater
acceptability of the use of e-mental health programs for work
stress. Although there were similarities among men and women
intermsof preferred e-mental health design features, important

http://www.jmir.org/2019/3/e11224/

sex differences emerged. Women preferred design featuresthat
were interactive. The only design feature that was preferred by
men, as compared with women, was receiving information in
a video game format. Age differences in preferred e-mental
health design features were minimal, irrespective of sex.

There were some broad similarities anong men and women
with respect to design feature preference. Men and women
differed significantly in their preference for only 5 of the 17
design features. Information regarding sleep hygiene,
information about work stress, and practice and exercise to
reduce stress were the top 3 features endorsed by men and
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women. It is unsurprising that design features, which function
to provide health information, were preferred among men and
women. Previous research demonstratesthat seeking Web-based
health informationis highly prevalent among internet users[37]
and obtaining information is a primary motive for internet use
[38].

Notabledifferencesin e-mental health design feature preference
were found between men and women. Compared with men,
women preferred 5 design features for an e-mental health
program including practice and exerciseto reduce stress, quality
information about work stress, self-help interactive programs,
being able to ask questions and receive answers, and receiving
printed materials. Men preferred only 1 feature as compared
with women—being able to receive information in a game
format. These results were replicated in sensitivity analyses
among men and women with ahistory of MDE; men weremore
likely to use afeaturethat delivered information in avideo game
format, whereas women preferred to use a self-help interactive
program.

Our findings are in accordance with previous studies, which
demonstrate that men and women do not differ in their
self-reported general internet usage [39], although women are
more likely to use the internet for health-related information
[40,41], as compared with men. Previous studies have
demonstrated greater acceptability, attitudes, hel p-seeking, and
use of e-mental heath programs [30,42] as well as more
favorable attitudes toward seeking psychological professional
help through face-face, email interaction, and Web-based
counseling [43] among women. This study likewise found that
women demonstrated greater acceptability of the use of e-mental
health programs for work stress.

Comparison and I nterpretation

To our knowledge, no studies have examined sex or age
differencesin specific e-mental health design feature preference.
Thus, direct comparisons with previous studies on sex and age
differences in preferred design features are not possible.
However, previous research examining health-related internet
use has demonstrated that women are more likely to be
interactive Web-based health users [40], which is consistent
with the results of this study. In comparison with women, men
preferred to receive information in a video game format, a
finding that is consistent with general video game use across
genders, as studies show that men play twice as many video
games per week as women [44].

These differences may be useful to consider when designing
effective eHealth interventions for mental health. For example,
low adherence is a significant problem for most eHealth
programs, and thisissue may be exacerbated among population
groups who are at risk for MDEs but are not currently
experiencing an episode [1]. The incorporation of interactive
features or gamification strategies to increase adherence may
be a useful method of increasing adherence among the overall
target audience. Gamification may be especially useful for
increasing adherence in men, who are receptive to receiving
information in a video game format but also face substantial
barriers to seeking mental health treatment [45,46].

http://www.jmir.org/2019/3/e11224/
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A number of factors likely contribute to the observed sex
differences in patterns of health information seeking, eHealth
acceptability, and design feature preference for an e-mental
health program. Compared with men, women may be more
likely to search for Web-based mental health information
becausethey have stronger positive beliefsregarding the benefits
of Web-based health searches[47] and becauseit isan efficient
method of searching [48]. According to some authors, this can
be explained from a social role perspective [49-51]. Aswomen
often have a multitasking agenda, especialy in middle age,
efficiency and convenience may be more highly regarded. Fewer
men reported that they would use an eHealth program to manage
work-related stress. This reflects the tendency for men to be
less likely than women to seek either formal or informal help
for mental healthissues[30]. Assome authors have noted, study
participants with a history of seeking Web-based health
information have overcome some practical and stigma-related
barriersin seeking Web-based psychological help [52]. Assuch,
greater acceptability of e-mental health programs among women
may be partidly attributed to their greater use of the internet
for health and mental health information. Women also tend to
have greater psychological openness, which describesthe ability
to acknowledge a psychological problem and a need for help.
Conversely, men have more difficulty identifying feelings of
distress as emotional problems [53]. In addition, a number of
perceived barriers, such as internalized and treatment stigma
[45], masculine norms, communication barriers, the role of
self-help strategies, and perceptions of mental health, have been
shown to prevent men from accessing Web-based health
resources [46]. Other barriers, such as privacy; ease of
navigation; personal relevance; and lack of personal interaction,
time, and knowledge, may prevent men from using eHealth
programsfor depression [33]. Thus, there are probable barriers
other than attitudes toward help seeking that inhibit men from
seeking Web-based help.

The majority of design features preferred among women were
interactive in nature. Furthermore, women were more likely to
use a guided feature in which they could ask questions and
receive answersfrom amental health professional. Thisreflects
women's use of eHealth programs for social motives and
enjoyment, in addition to information seeking [48], and their
willingness to speak to a mental health professiona [43]. Men
preferred to receive information in a video game format,
compared with women. Men enjoy gaming and seek out
game-play for socia situations more so than women [54];
consequently, they may find eHealth information more
interesting and engaging in this format.

Among men and women who were likely to use an e-mental
health program for work stress, few differencesin design feature
preference were evident. Most notably, women no longer
preferred interactive features as compared with men. Men who
are likely to use an e-mental health program may have greater
acceptability of eHealth programs, resulting in a greater
likelihood of using avariety of e-mental health features. Factors
such as perceived internet skill and perceived credibility of
Web-based information predict the use of Web-based interactive
features and may also differ among men who are likely to use
an e-mental health program for work stress [55].
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To our knowledge, there are no studies that have examined
specific design feature preferences of e-mental health programs
across age; however, the general use of mobile phonesand apps
is consistent with our findings: younger individuals are more
likely to own a mobile phone [56] and to download and use
health-related apps [57] than older individuals. Accordingly,
tailoring eHealth interventionsto participants age may improve
the efficacy of eHealth interventions.

Limitations

First, the findings from this study are limited by the survey
data's reliance on salf-reporting. As such, reporting and recall
biases are possible and causal inferences cannot be drawn.
Second, the surveysin men and in women were not conducted
during the same time. The impact of timing of the survey on
the results is not clear. Third, both surveys were conducted in
Canada; thus, precautions need to be taken when extrapolating
theresultsto other regions. Fourth, the response rate for women
wasrelatively low, as compared with men. Among 1255 ligible
women, 755 (60.1%) were excluded from the study because of
prolonged absence, incomplete questionnaires, scheduled
callbacks not within data collection period, and refusal after
digibility wasverified. Thismay havereflected systematic bias,
wherein females with negative attitudes toward psychological
treatment or e-mental health have declined to respond to the
survey. Furthermore, income level was used to calculate the
risk of depression in women; thus, women with alower income
level may be overrepresented in this sample. Fifth, women
showed greater acceptability toward the use of e-mental health
programs, which could influence design feature preference.
Likewise, previous treatment experience was not examined in
this study and may have an effect on e-menta hedth
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acceptability [58] as well as design feature preference. Sixth,
design feature preference was measured by the use of asingle
item. The use of more items may have generated a scorethat is
more reliable. Finaly, athough studies have found that
treatment acceptability is important to consider as it may
improve both treatment adherence [59] and overall outcome
[60Q], and although intention is believed to be the best proximal
predictor of actual behavior, it may not trandlate directly to the
actual use of internet technology use [61].

Conclusions

E-mental health programs can play an important role in the
prevention of workplace depression. To enhance the program’s
acceptance, adherence, and effectiveness, researchers and
program developers should account for patients preferences
and needsin the design process, including any sex- or age-based
differences. This research found that both men and women
highly endorsed an intervention containing quality information
about stress reduction, work-related stress, and sleep hygiene.
However, sex differences emerged. Most notably, women
preferred interactive programs that incorporated exercises to
reduce stress and Web-based guidance, whereas men preferred
receiving information in a video game format. Tailored
programs, such as those that involve interactive exercises and
guidance or are presented in a video game format, could be
beneficial in enhancing e-mental health usein women and men,
respectively. Future studies should evaluate the effectiveness
of emental health programs from sex and age perspectivesand
identify innovative ways for enhancing the use of e-mental
health programs in working men and women at high risk of
developing depression.
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Abstract

Background: Search engines display helpline notices when people query for suicide-related information.

Objective: In this study, we aimed to examine if these notices and other information displayed in response to suicide-related
gueries are correlated with subsequent searches for suicide prevention rather than harmful information.

Methods: Anonymous suicide-related searches made on Bing and Google in the United States, the United Kingdom, Hong
Kong, and Taiwan in a span of 10 months were extracted. Descriptive analyses and regression models were fit to the data to
assess the correlation with observed behaviors.

Results: Display of helpline notices was not associated with an observed change in the likelihood of or future suicide searches
(P=.42). No statistically significant differences were observed in the likelihood of people making future suicide queries (both
generally and specific types of suicide queries) when comparing search engines in locations that display helpline notices versus
ones that do not. Pages with higher rank, being neutral to suicide, and those shown among more antisuicide pages were more
likely to be clicked on. Having more antisuicide Web pages displayed was the only factor associated with further searches for
suicide prevention information (hazard=1.18, P=.002).

Conclusions: Helpline notices are not associated with harm. If they cause positive change in search behavior, it is small. This
is possibly because of the variability in intent of users seeking suicide-related information. Nonetheless, helpline notice should
be displayed, but more efforts should be made to improve the visibility and ranking of suicide prevention Web pages.

(J Med Internet Res 2019;21(3):€12235) doi:10.2196/12235
KEYWORDS

search engines; suicide

engines can aso facilitate people to find helping resources or

Introduction access to Web-based support [7-9].

Suicide prevention has been recognized as aglobal imperative  Since 2010, search engine providers have been gradually adding

by the World Health Organization [1]. Systematic reviews of
suicide prevention strategies found that restricting access,
physically and cognitively, to means of suicide is crucia for
suicide prevention [2,3]. With the rapid increase in internet
usage globally, Web-based search engines have becomeacrucia
gateway for people to access information on suicide methods
or placesto accessthe meansfor suicide [4-6]. However, search

http://www.jmir.org/2019/3/e12235/

RenderX

abox with information of the contact details of asuicide helpline
when suicide-related queries are made [10]. Hereafter, we will
refer thisintervention as helpline notice or the notice. It ishoped
that the prominent placement of helpline notices can attract
suicidal individualsto utilize intervention resources rather than
to further look for harmful information. However, other than
the special placement of helpline notices, search engine
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providers use an automated algorithm to rank search resultsto
satisfy the user’sinformation need by matching a document to
auser’s search query and preference [11]. In other words, even
though ahelpline noticeisdisplayed at thetop of asearch result
page, information about suicide methods might also be shown
on the search results page when a person queries for, for
example, howto kill myself. In asituation like this, will the user
read the helpline notice, harmful information about suicide
methods, or both?

Although examination of the information returned by search
engines when searching suicide-related queries has been
conducted in multiple countries [5,7,8,12-18] to the best of our
knowledge, no research exists on whether helpline notices
successfully and sufficiently direct people to read information
on prevention rather than harmful information, such as
information about suicide methods or encouragement to suicidal
behavior.

In view of the research gap and social significance, this study
was conducted with an aim to answer the following research
guestions:

1. Towhat extent isthe display of helpline notices associated
with search engine user’s clicks on different types of
suicide-related information?

2. Beside the presence of helpline notices, what other search
characteristics, such as search queries, search timing (ie,
when a search was made), and display availability of
different types of information predict whether or not users
would click through different types of suicide-related
information?

3. Would the presence of helpline notices and the presence of
antisuicide information in the search results prevent people
from further searching for prosuicide information? Would
such presence facilitate further searching for suicide
prevention information?

Methods

Study Regions

The United States (US), the United Kingdom (UK), Hong Kong
(HK), and Taiwan (TW) were chosen as the study regions for
2 magjor reasons. First, both Google and Bing search engines
are freely accessible in the 4 regions. At the time of data
collection, Google provided helpline notices in al 4 regions,
whereas Bing provided such notices only in the US and UK.
Therefore, acomparative analysis can be performed stratifying
regions and search engines. Second, US and UK can beviewed
as representatives of the English-speaking cultures, whereas
HK and TW are viewed as representatives of the
Chinese-speaking cultures, which allows for a cross-cultural
comparison. Mainland China, although population wiseismore
comparable with UK and US, was not chosen because it
implements rather strict censorship on theinternet, and Google
search is blocked there.

Aside from the abovementioned differences, the 4 jurisdictions
share commonalitiesthat allow for a comparison: they al have
very high internet penetration rates (87% to 95%) and rel atively
high freedom of speech, where suicide isnot criminalized, and
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no specific legal statute regulates suicide-related information.
The 4 jurisdictions report different patterns regarding suicide:
the age-standardized suicide rate in the UK (6.2 per 100,000)
is lower than the other 3, followed by HK (8.8 per 100,000),
US (12.1 per 100,000), and TW (13.1 per 100,000). The latter
3 had comparable rates [1] of suicide. All the 4 jurisdictions
have suicide prevention hotlines available 24/7 for free for
nation-wide callers. The types of suicide-related information
which can be accessed by search engines have been examined
individually in each of the 4 regions [7,8,12,14] (see detailsin
the Multimedia Appendix 1). Aninitial comparison found that
people in HK might be exposed to less prosuicide information
through Web-based search than the other 3 regions. We noted,
however, that those studies did not use consistent assessment
protocols.

Informed consent was waived by the IRB. This study was
approved by the IRBs of The University of Hong Kong (for
labeling of data) and by the Technion (for the offline analysis
of archival data).

Data Coallection
We used data from 2 primary sources:

Dataset 1—All searches made on the Bing search engine by
people in the 4 regions between November 2016 and August
2017 (a total of 10 months). For each user we collected an
anonymous user identifier, the region from where the user made
the search, time and date, the text of the query, and the pages
shown to peoplein response to the query and which pages they
clicked on.

Dataset 2—A sampl e of anonymized logsfrom consenting users
of awidely distributed Web browser add-on toolbar associated
with the Microsoft Internet Explorer Web browser. Only visits
to search engines were logged from these data. For each user
in these data, we collected an anonymous user identifier, the
region from where the user made the search, time and date, and
the text of the query. These data allow cross-search engine
comparisons.

The data were filtered to include only suicide-related queries.
These queries were identified in 2 ways. English-language
gueries were those that triggered a helpline notice by Bing
during June 2017 and Chinese-language queries were those
queries that triggered helpline notices by Google in HK and
TW. We noted that, to the best of our knowledge, helpline
notices are triggered for a predefined list of query terms.

Owing to the different population sizes and to obtain a large
enough sample from all 4 regions from dataset 1, we focused
on those users who made suicide queries from US and UK in
June 2017, and between January and June 2017 for HK and
TW. Data from outside these dates were used for anaysis of
searches by users before and after they made suicide searches.
In dataset 2, we focused on users who made suicide queries
during June 2017 and tested for prior and post searches using
datafrom May 1, 2017, to August 31, 2017.

Suicide-related queries in this study can be grouped into 2
categories: (1) queries which are associated with suicide
prevention resources (referred as suicide prevention queries
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hereafter, eg, helpline, lifeline, national suicide, crisis, hotline,
chat, Samaritans, or the telephone numbers of well-known local
suicide prevention hotlines) and (2) queries associated with
suicidal thoughts, behaviors, or suicide methods (referred as
suicide method queries hereafter, eg, poison, pills, hanging, or
pesticide but excluding the irrelevant phrases such as poison
ivy). For both these query types, the Chinese-language
equivalents were also included.

During data collection, we noted that the number of
suicide-related searches and the number of frequently displayed
Web pages varied in the 4 regions. To make a balanced
comparison, in each country we selected 100 Web pages most
often displayed to peoplein responseto suicide-related queries.
As there were only 91 Web pages displayed 10 or more times
in HK, all of the 91 pages were assessed.

Content Coding

Following previous examinations on Web pages' bias toward
suicide [13-14], we classified the Web pages into 6 types:
antisuicide (ie, about suicide prevention or discouraging suicide),
prosuicide (ie, the main content is encouraging suicide,
romanticizing suicide, or introducing detailed suicide methods),
neutral (ie, factua information about suicide incidents or
statistics without notabl e bias), mixed (ie, mixed prosuicide and
antisuicide information in the same Web page), not a suicide
site (using suicide as ametaphor or joke, eg, animal suicideand
political suicide), or error (ie, the Web page or major content
of the page cannot be found). One modification on the previous
commonly used coding frame is that we split the code
Neutral/Mixed to 2 codes Neutral and Mixed because we suspect
the 2 types of contents may have different impacts on vulnerable
individuals. Examples of the 6 types of Web pages can befound
in the Multimedia Appendix 1.

The assessment was performed by 6 trained coders. Thetraining
was provided by the first author and included guided reading
of a booklet of recommendations on how to responsibly
represent suicide-related information in mass media and
Web-based media [19], and group exercise with coding 20
sample Web pagestogether. After training, each region’s dataset
was assigned to 2 coders to conduct the classification
independently. The codes agreed by the both coders were
assigned asthefinal classification results. In total, 87% to 95%
of each region’s data received agreed coding in the first round.
For the remaining disagreed items, a third coder (ie, the first
author) joined in the 2 codersto discusstheitemsuntil arriving
at a consensus.

Data Analysis

Descriptive analysis was first conducted to summarize the
proportion of different types of Web pages being displayed in
the search results in each study region. To answer Q1 & Q2,
we used both descriptive statistics of dataset 2 and a logistic
regression model fit to the data from dataset 1, with whether a
Web page was clicked as the dependent variable (DV). The
independent variables (1Vs) included 3 types: (1) characteristics
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of a specific search, including when and where the search was
made, whether or not hel pline notice was displayed in the search
results, and fractions of displayed Web pages in each type
(calculated as the number of a certain type of pages being
displayed divided by the number of total displayed pages) in
the search results; (2) characteristics of a specific Web pagein
the search results, including ranking of the Web page, and what
biastoward suicide the Web page shows; and (3) characteristics
of the same user’s previous search within 7 days, including the
total number of search queries madein 7 days, and the average
number of search queries made every day. The latter was
included to represent the level of Web-based activity of
individual users. A total of 20,077,272 observations were
included in this analysis.

To answer Q3, a hazard model was fit to the data from dataset
1, with 2 DV's: whether in the next 7 daysthe same user searched
for (1) suicide method queriesor (2) suicide prevention queries.
ThelVsincluded fractions of each type of page being displayed,
fractions of each type of page being clicked, whether or not the
helpline notice is being displayed, and the terms used in initial
search queries. As only people who were active for at least 7
consecutive days were eligible for this analysis, a total of
154,286 observations were included in this analysis.

Results

Figure 1 shows the distribution of displayed pages in the 4
regions of Bing search in terms of their biastoward suicide. As
the figure shows, the vast majority of pages frequently shown
to users are antisuicide pages across the 4 regions. However, in
TW the frequency of displayed Web pages contained a higher
proportion of prosuicide (13.8%) but lower proportion of
antisuicide information (15.0%) compared with the other 3.

Figure 1 aso shows the click-to-display ratio by region and
type of pages. The ratio is calculated as follows: (%
clickg/%displays—1)x100. Despite a smaller proportion in
frequently displayed pages, prosuicide and mixed pages were
much more likely to be clicked in all but the UK. Conversely,
although antisuicide pages were more likely to be displayed,
their click-to-display ratio appeared to be low across the 4
regions and were even negative in TW. In addition, neutral
pages were more likely to be clicked in HK and TW but not so
in UK and US when being displayed. Keywords from queries
associated with the highest probability of clicking on a specific
page type are shown in the Multimedia Appendix 1.

An analysisof the association between clicks on helpline notices
and other behaviors on the search page shows that 83.7% of
people who clicked on the notice also clicked on other links
compared with 91.5% of those who did not click onthe helpline

notice (x?=59.3, n=49,950, P<.001). Clicks on helpline notices
are not associated with a change in the likelihood of future
suicide searches (40.1% when not clicked, 38.6% when they

are, X°=0.7, P=.42).
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Figure 1. Characteristics of displayed and clicked Web pages in response to suicide-related search queriesin the 4 study regions. Unlabeled pages are
pages displayed fewer than 10 timesin the study period. HK: Hong Kong; TW: Taiwan; UK: United Kingdom; US: United States of America.
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Table 1 shows the logistic regression model parameters for
predicting whether a user would click on a page given its
parameters and those of the user and their past search behaviors.
Asthetable shows, helpline notice displays are not statistically
significantly associated with achangein click behavior. A page
with higher rank being neutral to suicide and having more
antisuicide pages displayed in the same results list were more
likely to be clicked on. That page’s probability to be clicked
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Not a
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Prosuicide Error Unlabeled
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would be even higher when a search was made in later time of
a day (as the slope is positive) and an early day of a week
(negative slope, where days of the week are coded from Sunday
(2) to Saturday (7)). In terms of regions, the click behavior in
UK differed from that of the other regions. Previous levels of
search activity did not show significant influence on one’sclick
behavior in the model.
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Table 1. Parametersof thelogistic regression model to predict clicks on apage. The United States has been used asthe baselineregion in the cross-region

model, and neutral pages as the baseline for webpage types.

Parameters Estimation (SE) P value
Sear ch results characteristics

Is helpline displayed 9.333 (34) >.99

Fraction of antisuicide displayed 0.817 (0.037) <.001

Fraction of neutral displayed 0.664 (0.109) <.001

Fraction of mixed displayed -0.851 (0.072) <.001

Fraction of prosuicide displayed -0.766 (0.053) <.001
Page characteristics

Rank 0.205 (0.002) <.001

Antisuicide -1.034 (0.033) <.001

Prosuicide -1.073 (0.039) <.001

Mixed -1.32(0.038) <.001
Time

Hour of the day -0.006 (0.001) <.001

Day of the week 0.008 (0.003) .003
Region

United Kingdom -0.882 (0.015) <.001

Hong Kong -10.026 (34) >.99

Taiwan -10.1(34) >.99
Previous search characteristics

Number of previous queries 0.000 (0.000) 46

Previous qu