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Abstract

Background: Oral disease modifying therapies (DMTSs) for multiple sclerosis (MS) differ in efficacy, tolerability, and safety.

Objective: We sought to understand how these attributes impact patient preference and predicted DMT non-adherence among
ora-naive MS patients.

Methods: Adult MS patients from the “ PatientsLikeM e’ Web-based health data-sharing platform completed a discrete choice
exercisewherethey were asked to expresstheir preference for one of three hypothetical oral DM Ts, each with acertain combination
of levels of tested attributes. Another Web-based exercise tested a number of possible drivers of non-adherence, mainly side
effects. Datafrom an M S clinic were used to adjust for sample bias. Respondents’ preferences were analyzed using Hierarchical
Bayesian estimation.

Results: A total of 319 patients completed all questions. Most respondents were female (77.7%, 248/319) with mean age 48
years (SD 10). Liver toxicity was the attribute that emerged as the most important driver of patient preference (25.8%, relative
importance out of 100%), followed by severe side effects (15.3%), delay to disability progression (10.7%), and common side
effects (10.4%). The most important drivers of predicted non-adherence were frequency of daily dosing (17.4% out of 100%),
hair thinning (14.8%), use during pregnancy (14.1%), severe side effects (13.8%), and diarrhea (13.0%).

Conclusions: Understanding the important concerns expressed by patients may help health care providers to understand and
educate their patients more completely about these concerns. This knowledge may therefore improve both choices of appropriate
therapy and adherence to therapy over time.

(Interact J Med Res 2015;4(1):€6) doi:10.2196/ijmr.3776
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injectable and intravenous DMTs [1]. Adherence to injectable
DMTs can be especially challenging for patients; although
patients can often be resourceful in using coping strategies for
injectable medications, reduced adherence remainsanissue[2].
Three new oral DM Ts have been approved for the treatment of

Introduction

Recent years have seen the introduction of a number of oral
disease modifying therapies (DMTSs) to the multiple sclerosis
(MS) armamentarium, which supplements the earlier range of
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MS: fingolimod (Gilenya, Novartis, FDA Orange Book approval
date September 21, 2010), teriflunomide (Aubagio,
Genzyme/Sanofi, FDA Orange Book approval date September
12, 2012), and dimethyl fumarate (Tecfidera, Biogen Idec, FDA
Orange book approval date March 27, 2013). These choices
change the landscape considerably. Each oral DMT occupies a
unique niche in terms of its quantified ability to delay M S rate
of progression, reduce frequency of relapses, alter lesion burden
visible on magnetic resonance imaging (MRI), and contribute
to side effects or serious adverse events. Physicians and patients
must become increasingly involved in tradeoffs between
efficacy, convenience, and safety in decisionsand, interestingly,
each approaches these factors from different perspectives [3].

Onetechniquethat helps examine the tradeoffs made by patients
is “consider jointly” analysis (“conjoint” analysis). In this
approach, participants are asked to indicate their preference
from one of several discrete choicesfor anumber of consecutive
hypothetical product profiles that differ by varying levels of
selected attributes. Such techniques have been used in studies
of other chronic illnesses with complex decisions and tradeoffs
to be made about treatments, with several studies in serious
illness [4]. Because conjoint analysis takes multiple attributes
into account simultaneously, conjoint studies allow researchers
to create more complex models of decision-making than
responses on simple rating scales. For example, in a sample of
men with prostate cancer, a conjoint analysis study found that
men were willing to trade off life expectancy to be relieved of
certain side effects of treatment, and that preferences differed
by age [5]. Similar work has also been applied to tradeoffs
between different treatment characteristics in acne vulgaris[6]
and pain control in osteoarthritis [7].

In MS, Johnson et al [8] used a Web-based conjoint analysisto
study risk tolerancein agroup of over 600 M S patientsincluding
those who had previously used natalizumab (which has been
associated with an increased risk of progressive multifocal
leukoencephalopathy/PML [9]). In showing patients different
levels of efficacy and risk for hypothetical treatments, they
found the most important attributes influencing patient
preference to be the effect of a treatment to slow disease
progression (27% out of apossible 100%), closely followed by
risk of PML (23%), liver failure (20%), leukemia (18%), and
reduction in the frequency of relapse (12%) [9]. The authors
concluded that patients were willing to make tradeoffs of risk
in exchange for improved DMT efficacy.

Given the recent availability of oral DMTs and the complex
factors underlying decisions about selecting one, we sought to
explore the relative preferences of a sample of ora-naive MS
patients (who have never taken any oral DMTSs) with regards
to salient oral DMT attributes. Our primary objective was to
quantify and rank these attributes. Given that injectable DMTs
have a variety of barriers to adherence that are rendered
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irrelevant by oral DMTs, we also sought to quantify and rank
attributes that might affect the likelihood of non-adherence to
theoral DMTSs.

Methods

Recruitment

Methods are reported in accordance with the Checklist for
Reporting Results of Internet Surveys (CHERRIES) [10]. Over
a10-day periodin July 2013, wefielded across-sectional survey
to a population of existing ora-naive members from the
“PetientsLikeMe” Web-based health-data sharing platform who
reported a diagnosis of multiple sclerosis, were aged 18 years
or over, and living in the United States. Patients reporting prior
use of oral DMTs were excluded to maintain oral naivety and
infrequently prescribed DMTs (such as Extavia) were excluded
from the study to avoid cells with small Ns for post-hoc
analyses.

Memberswho sign up to PatientsLikeMe do so under theterms
of use, which make clear they could be contacted for research;
additional informed consent was collected for this voluntary
study. Potential participants were selected on the basis of
previously submitted profile dataand were contacted viaemail.
Participants were informed of the study sponsor, the objectives
of the study, that it would take approximately 15 minutes to
complete, and that a US $25 cash card incentive would be
provided to those who completed the study. Consenting to the
study took patients to a Web-based survey tool hosted by GfK
Custom Research. To avoid missing or spurious data, all
guestions were mandatory to complete the survey, participants
could not revise earlier answers, and unique URLs were used
to avoid therisk of multiple completions or spurious dataentries.
Ingtitutional review board (IRB) approval was granted from
Western IRB.

Survey Development

Survey measures included basic demographics, MS DMT
history, patient-reported disease severity (MS Rating Scale
revised, MSRSR) [11], the MS Treatment Adherence
Questionnaire (MSTAQ) [2], and the Beliefs about Medicines
Questionnaire (BMQ) [12].

Treatment Char acteristics Preference Exercise (CA1)

We developed two conjoint analysis tasks in accordance with
International Society For Pharmacoeconomics and Outcomes
Research (ISPOR) guidance on use of conjoint analysis [11].
The first exercise (CA1l) asked oral-naive MS patients to
repeatedly choose one of three hypothetical oral DMTSs, each
with a certain combination of levels of tested attributes (shown
in Table 1). Example screenshots of the tasks are shown in
Figures 1 and 2.
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Table 1. Parameters and values for Conjoint Analysis Exercise 1 (CA1) ranked by order of importance to oral-naive M S patients (n=319).

Attribute Description VauelLevel 1 Vauelevel 2 Vauelevel 3 ValuelLevel 4 Relativeimpor-
tance (out of
100%)

Liver toxicity This medication has arisk of liver toxicity Yes No - - 25.8%

that may lead to death. Your risk of liver
problems may be higher if you take other
medicines that also affect your liver. Your
doctor will do blood tests to check your
liver before you start taking this medication,
and once a month for the first six months
of taking this medication.

Severe side effects Thereisa chancethat youwillbe 6% 10% 14% 18% 15.3%
hospitalized or severely disabled from aside
effect of this medication.

Delay the progression Compared to no treatment, thismedication 20% 30% 40% - 10.7%
of disability can reduce the chance of your symptoms
and disability worsening over the next 2
yearshy...
Common side effects  The most common side effects of thisdrug Headache, Flushing, diar- Hair thinning, - 10.4%
are... Your chancesof experiencing at least backache rhea nausea
one of these side effectsisabout 1 in 10.
Frequency of adminis- This medication is taken orally (by Onceperday Twiceperday Threetimes - 9.5%
tration mouth)... per day
Reduce frequency of  Compared to no treatment, this medication  30% 40% 50% 60% 8.7%
relapses can reduce your chance of having arelapse
over the next 2 yearsby...
Reduce changes on Compared to no treatment, this medication 65% 75% 85% - 6.7%
MRI can reduce the occurrence of new or larger

lesions (dark or light spots that don't look
like normal brain tissue) on your MRI scans
over the next 2 yearsby...

First dose monitoring  The first dose of this medication should be  Yes No - - 4.6%
taken in a doctor’s office or other medical
setting hospital so that patients can be
monitored for side effects for at least six

hours.

Tolerability On average, of peoplestoptaking 5% 10% 15% - 4.5%
this medication because of its side effects.

Birth defects This medication has a high risk for birth Yes No - - 3.8%

defects when taken by men or women. Pa-
tients (men or women) should not be preg-
nant or attempt to conceive while on treat-
ment or for up to 2 years after stopping
treatment. If necessary, a doctor can pre-
scribe a medication that can help remove
the medication from your body more
quickly.
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Figure 1. Example screenshot from Conjoint Analysis Exercise 1 (CA 1) — Participants were asked “ Of these three products, which would you be most
likely to ask your physician to prescribe to you if these were the only options available?".

Compared to NO treatment, this medication can
reduce the chance of your symptoms and disability 30%
worsening over the next 2 years by...

40% 20%

Compared to NO treatment, this medication can
reduce your chance of having a relapse over the next 50%
2 years by ...

40% 60%

Compared to NO treatment, this medication can
reduce the ecourrence of new or larger lesions (dark 75%
or light spots that don't loek like nermal brain tissue)

on your MRI scans over the next 2 years by ...

85% 65%

On awerage, the percentage of people that stop taking 15%
this medication because of its side effects is: "

10% 5%

The most common side effects of this drug are: (Your
chances of experiencing at least one of these side Headache & backache
effects is about 1 in 10)

Flushing & diarrhea Headache & backache

There is a chance that you will be hospitalized or
severely disabled from a side effect of this 10%
medication. This chance is:

18% 6%

This medication is taken erally (by mouth): Once per day

Twice per day Three times per day

least six hours

The first dose of this medication should
be taken in a doctor's office or cther
Monitering medical setting hespital so that patients
can be monitored for side effects for at

This medication has a high risk for birth
defects when taken by men or women.
Patients (men or women) should not be
pregnant or attempt to conceive while on

Birth defects treatment or for up to 2 years after
stopping treatment. If necessary, a doctor
can prescribe a medication that can help
remove the medication from your body
more quickly.
This medication has a risk of liver
toxicity that may lead to death. Your risk
of liver problems may be higher if you
take other medicines that also affect
Liver toxicity your liver. Your doctor will do blood tests

to check your liver before you start
taking this medication, and once a
menth for the first six menths of taking
this medication.

Please select one:

Figure 2. Example screenshot from Conjoint Analysis Exercise 2 (CA2) — Participants moved the yellow sliders between the two extreme values.

Assuming your experiences with your medication are as described below, please let us know how likely
you might be to skip or miss at least one dose of your medication over the course of 4 weeks (28 days)

When you take your medication, you experience bleeding

When you take your medication, you experience flushing

When you take your medication, you experience diarrhea

When you take your medication, you experience hair thinning

When you take your medication, you experience nausea

Because of this medication, you were hospitalized for a short period of time, with no
long-term effects

You have to take your medication three times a day

When you take your medication, you experience bleeding

When you take your medication, you experience flushing

| am not at all likely to skip or

] | am extremely likely to skip

miss any doses of my |

or miss at least one dose of

medication

— my medication

Non-Adherence Exercise (CA2)

The second exercise (CA2) showed patients just one
hypothetical oral DMT but with varying levels of the values
shown in Table 2 and aresponse task of avisual analogue scale
they used to indicate how likely they might be to miss at least
one dose of medication over the course of 4 weeks (28 days),

http://www.i-jmr.org/2015/1/e6/

with “1 am not at all likely to skip or miss any doses of my
medication” at one end and “1 am extremely likely to skip or
miss at |east one dose of my medication” on the other. Both sets
of attributes were identified through review of the clinical trial
literature by two independent raters and consultation with a
clinical expert (DB).
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Table 2. Parameters and values for Conjoint Analysis Exercise 2 (CA2) ranked by order of importance to oral-naive M S patients (n=319).

Attribute Value Level 1 ValueLevel 2 Value Level 3 Relative importance (out
of 100%)
Frequency of administration Once per day Twice per day Threetimesperday  17.4%
Side effects — hair thinning Yes No - 14.8%
Pregnancy — you or your partner become  Yes No - 14.1%
pregnant while taking your medication
Severe side effects — hospitalizedfora  Yes No - 13.8%
short period of time, with no long-term
effects
Side effects - diarrhea Yes No - 13.0%
Side effects — nausea Yes No - 10.7%
Side effects — backache Yes No - 8.8%
Side effects — headache Yes No - 4.5%
Side effects - flushing Yes No - 3.0%

Statistical Analysis

To help overcome the biases of a\Web-based sample of patients
from the PatientsLikeMe Web-based data platform, we used
sample weights to adjust the proportions of the sample for
groups using benchmarks from the Partners Northeast MS
Center in the United States [13]. A SAS iterative proportional
fitting macro created the weights by adjusting all target variables
simultaneously. Extreme weights were then trimmed to reduce
the influence of extreme outliers in the weighted results and
improve weighting efficiency. Trimmed weights are shown in
Table 3 (weighting was associated with adesign effect of 1.27,
or 79% weighting efficiency).

Datawere analyzed using hierarchical Bayesian estimation. We
estimated hierarchical Bayesian models in Sawtooth Software
(Orme, USA) that uses a specific Monte Carlo Markov Chain
Algorithm called the “Metropolis Hastings Algorithm”. At the
end of the estimation, each level of each attribute is assigned a
numeric value (“part worth” or “utility”) that reflects how much
this level is valued by the respondent. Relative importance of
the attributes derives from conjoint analysis and is based on the
utilities. The attribute importance values add up to 100% for
each conjoint analysis exercise. For each attribute, a difference
between the highest and the lowest utility is calculated, and the
relative importance is obtained by dividing that difference by
the sum of the differences for all attributes. The target sample
size (N=300) was determined using a power analysis assuming
three comparable products for each decision task, a6% margin
of error, and adesired 95% confidenceinterval. Most published
conjoint analysis studies have a sample size between 100 and
300 respondents, and our proposed sample size is consistent
with guidance in the methodology literature [4].

Results

From 1790 invited M S patients, 327 completed all questions.
During data cleaning, responses from 8 patients were not
analyzed (2 duplicates, 2 violated inclusion criteria, 4 for
“straight-lining” answers), leaving a total of 319 (17.8%
responserate, 319/1790). Most respondentswerefemale (77.7%,

http://www.i-jmr.org/2015/1/e6/

248/319) with mean age 48 years (SD 10) and a 10-year
self-reported history of MS with 70.8% (226/319) reporting a
diagnosis of relapsing remitting MS. Table 3 shows the raw
unweighted sample demographics as well as the transformed
sample following weighting to more closely resemble a
representative M S population. All conjoint analysis datareferred
to from this point comes from the weighted sample used for
analysis.

Themost frequently impaired aspect of function onthe MSRS-R
was walking, with 53.6% (171/319) of patients
moderately-severely impacted on thisitem, followed by 36.4%
(116/319) experiencing sensory issues, 26.0% (83/319) cognitive
issues, and 27.0% (87/319) bowel or bladder disturbance.

Most patients (61.0%, 195/319) weretaking aDMT at thetime
of survey, with the most frequent being glatiramer acetate
(29.5%, 94/319, Copaxone, subcutaneousdaily injection, TEVA)
followed by natalizumab (18.8%, 60/319, Tysabri, monthly
intravenous transfusion, Biogen I dec), interferon beta-1a(9.1%,
29/319, Avonex, weekly intramuscular injection, Biogen | dec),
and interferon beta-1b (8.8%, 28/319, Rebif, 3x weekly
subcutaneous injection, EMD  Serono). Approximately
two-thirds (61.1%, 195/319) were taking aDMT at the time of
survey, sightly higher than the Sonya Slifkalongitudina study,
which found that 50.0% of patients were “currently” (in
2000-2001) usingaDMT but similar to the reported 62.2% that
had taken aDMT at some point in their disease [14].

The BMQ showed that overall, most patients (67.1%, 214/319)
worried about long-term effects of their DMTs, with a higher
proportion endorsing this sentiment among the patients who
had missed at |east one dose in the past 28 days (77.6% agreed
or strongly agreed, 52/67, compared to thosethat hadn’t (57.8%,

741128, X105= 9.780, P=.04).

Among the 195 patients using a DMT, most patients
self-injected their DM T (69.2%, 135/195), with 22.1% (43/195)
reporting that someone el se hel ped them with the injection most
or al of thetime, and 8.7% (17/195) only half of injections or
just a few times. Among the 156 patients who reported using
an injectable DMT, 59.6% (93/156) used an auto-injector

Interact JMed Res 2015 | vol. 4 |iss. 1| €6 | p.7
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

exclusively, 32.1% (50/156) injected manually, and 6.7%
(13/195) used a mixture of both. Overall, ease of use with
current treatment was relatively high, with 89.7% (175/195) of
DMT users saying their treatment was either “easy to use” or
only “alittlehard” to use. Similarly, satisfaction was quite high,
with most usersreporting “ moderately”, “very”, or “completely”
satisfied (88.7%, 173/195) and only 11.3% reporting they were

either “alittle satisfied” or “not satisfied at all” (11.3%, 22/195).

Table 3. Sample demographics before and after weighting (n=319).2

Wicks et al

About athird of DMT users (34.3%, 67/195) reported missing
at least one dosein the previous 28 days, with the most common
reasons being “did not feel like taking my medication” (35.8%,
24/67 reported as a “moderately” or “extremely” important
factor), “memory problems’ (26.9%, 18/67), and “tired of taking
my medication” (28.4%, 19/67). Patients who reported missing
a dose of their medication in the past 28 days were not
significantly different than those who did not on their MSRS-R
outcome (t;93=1.730, P=.09).

Unweighted samplefrequen- Benchmark (PartnersMS ~ Weighted sample frequen-
cies (%) Center) cies (%)
Gender
Female 248 (77.7%) 74.8% 238 (74.6%)
Male 71 (22.3%) 25.2% 82 (25.7%)
Age, years
18-38 36 (11.2%) 25.0% 76 (23.8%)
39-46 59 (18.5%) 25.0% 79 (24.7%)
47-62 186 (58.3%) 40.0% 132 (41.3%)
63+ 38 (11.9%) 10.0% 33(9.7%)
Race
White 283 (88.7%) 92.4% 292 (91.5%)
Black 18 (5.6%) 4.6% 17 (5.3%)
Other 18 (5.6%) 3.0% 10 (3.1%)
M S subtype
Relapsing-Remitting 240 (75.2%) 70.2% 225 (70.5%)
Primary Progressive 25 (7.8%) 6.2% 18 (5.6%)
Secondary Progressive 47 (14.7%) 22.6% 72 (22.6%)
Progressive Relapsing 7 (2.1%) 1.0% 4 (1.2%)
Highest education
High school graduate or less 45 (14.1%) 19.4% 62 (19.4%)
Some college 115 (36.1%) 54.8% 171 (53.6%)
College graduate or more 159 (49.8%) 25.8% 86 (26.9%)

3percentages may not add up to 100% due to rounding.

Treatment Characteristics Preference Exercise (CAL)

Resultsfrom the CA 1 preference exercise showed that potential
for liver toxicity wasthe most important factor (Table 1, 25.8%
asameasure of relativeimportance out of 100%) in hypothetical
DMT selection followed by severe side effects (15.3%), delay
to progression of disability (10.7%), common side effects
(10.4%), and mode of administration (9.5%). Reducing the
frequency of relapses (8.7%) and reducing changes on MRI
(6.7%) were less important in driving preferences, as were
requirement for a first-dose monitoring period (4.6%),
tolerability (4.5%), and risk of birth defects (3.8%).

Non-Adherence Exercise (CA2)

The CA2 non-adherence exercise (Table 2) found that the most
important determinant of self-reported non-adherence to a

http://www.i-jmr.org/2015/1/e6/

hypotheticdl DMT was frequency of daily administration
(17.4%), hair thinning (14.8%), becoming pregnant (14.1%),
severe side effects (13.8%), and diarrhea (13.0%). Nausea
(10.7%), backache (8.8%), headache (4.5%), and flushing
(3.0%) emerged as less important drivers of non-adherence. A
tradeoff simulator was built for CA2, which alows prediction
of non-adherence for any combination of the relevant values of
these parameters. For instance, in the worst-case scenario of a
thrice-daily dosing of an oral DMT that causes hair thinning,
has severe side effects, diarrhea, nausea, backache, headache,
and flushing, the model predicted a 78% likelihood of missing
at least one dose over the course of 4 weeks for an average
patient. I n the best-case scenario, aDMT with none of thetested
side effects and once-daily dosing, the model predicted 15%
likelihood of at least one missed dose. In simulations, the
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frequency of daily dosing had the largest incremental impact
on adherence.

Discussion

Principal Findings

In thisWeb-based survey of oral DMT naive patients, we found
that liver toxicity, severe side effects, and common side effects
were the most salient attributes driving DMT preference, with
efficacy, frequency of dosing, and first dose monitoring less
important. However, we a so found that the frequency of dosing
and specific side effects, such as hair thinning, might have an
influence on patients' predicted non-adherenceto taking an oral
DMT.

The landscape of MSis currently undergoing a transformation
from self-injectable and intravenous DM Ts to awider range of
delivery routesincluding oral agents[15]. Our findings suggest
the primacy of serious adverse eventslike liver toxicity may be
major drivers of patient preference. All three of the recently
approved oral DMTs have some kind of hepatotoxic profile
identified in their phase Il trials, such as elevated aanine
aminotransferase tests three times the normal rangein 6-7% of
patients taking dimethyl fumarate (with no reported hepatic
failure) [16,17], 7-19% for fingolimod [18,19], and 7-12% for
teriflunomide [20,21]. However, in this last case due to the
known properties of leflunomide (which metabolizes to
teriflunomide) in rheumatoid arthritis, the drug wasissued with
an FDA “black box” warning [22] for severe liver injury
including fatal liver failure, requiring liver monitoring at least
monthly for 6 months after treatment initiation. Patient concern
over a similar risk appeared to be the magjor driver of patient
preference in our hypothetical conjoint analysis and patients
actually prescribed the drug might benefit from extra assurance
that monitoring should identify any issues that arise.

Our results contrast with those of Johnson et al, who found a
stronger preference for slowing disability (27%) than avoiding
side effects, although the serious adverse event PML (23%) was
afrequently endorsed driver of preference, aswas the potential
for liver failure (20%) [8]. The different findings between our
two studies may reflect the different sample chosen, as at least
42% of Johnson et al’s sample had already taken natalizumab
(Tysabri) at some point, which may reflect a higher risk
tolerance. By contrast, only 21% of our sample were taking
Tysabri, and about a third were not taking any form of DMT.
Although speculative, it is aso possible that reports of PML in
the MS community have drawn attention to the fact that even
rare adverse events can occur with serious consequences [23].

In the current study, patients expressed greater preference for
product profiles with fewer serious side effects and fewer
common side effects relative to those with higher levels of
efficacy. Theclinical tria literature suggeststhat serious adverse
eventswerereported among 17-18% of patientstaking dimethyl
fumarate in trials [16,17], followed by 14-16% over 12 weeks
[20] taking teriflunomide (29-36% over long term use [21]),
with the fewest among patients taking fingolimod (7-10%)
[18,19]. However, it is worth nothing that oral medications do

http://www.i-jmr.org/2015/1/e6/

Wicks et al

not carry the injection-related profile of side effects such as
injection site pain or erythema[17].

In agreement with Johnson et al, we found a higher preference
for delaying the progression of disability over reducing the
frequency of relapses. Establishing theformer intypical clinical
trialsis much harder than the latter, requiring longer and larger
studies. It may be that patients better understand the concept of
progressive disability than they do of “relapses’, which are
highly unpredictable and may be complex to disentangle from
disability progression or pseudo-exacerbations.

As a complex condition involving many tradeoffs, there is
increasing interest in the use of conjoint analysistechniquesin
various aspects of decision-making in MS and supporting MS
patients to make better-informed decisions based on their
personal treatment preferences[24]. Shingler et a describe the
use of conjoint techniques to identify patient preferences for
characteristics of self-injection devices [25] and found that a
treatment’s efficacy mattered more to patients than ease of use
to administer it, with technological features like medication
reminders having relatively low importance. Over half of our
samplewere using an auto-injector for their DM T and reporting
a good level of satisfaction, begging the question of whether
patientswith arelatively high level of satisfaction will appreciate
as much of a difference between a self-injected DMT and an
oral as earlier cohorts of patients who did not have the benefit
of auto-injectors.

Medication non-adherenceisaknownissuein MSand avariety
of solutions has been proposed to study this important issue.
The largest (N=2648) and most rigorous study in this disease,
the Global Adherence Project (GAP), found that 25% of patients
were non-adherent to therapy, with memory beingamajor issue
[26]. Although studies of injectable DM Tshave found anumber
of issues related to route of administration or site injection
reactions, it isunlikely that memory issues or treatment fatigue
will be addressed solely by a move to ora DMT therapy.
Although greater convenience would be anticipated, it isworth
noting that many M S patients are already reporting ahigh level
of satisfaction particularly dueto the use of auto-injectors. One
possible downside to oral DMTs is the absence of
adherence-tracking technology that can be built into
auto-injector devices, although systems such as the Proteus
Raisin System might address such challenges in future [27].

Limitations

This study had several limitations, including the examination
of only hypothetical product profilesin across-sectional manner
and what patients said they would choosein an artificial setting
rather than the behavior they would actually exhibit. However,
conjoint analysis may be considered ecologically valid because
individuals are used to making decisions from among multiple
varying choices on adaily basis[28]. In terms of study design,
all conjoint studies suffer from a conceptua bias in that the
guestions they seek to address naturally constrain patient choice
in away that may not reflect the real world. For example, in
the current study we asked patients to select between one of
three ora MS DMTs, when they might have preferred
self-injectable DMTs or second-line DMTs such as
natalizumab—patients face a wide array of potential DMT
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options [1]. Another conjoint analysis limitation is accurately
conveying clinical endpoints and the concept of risk such as
percentage changes; we attempted to use endpoints that were
commonly used in the M S community (and vetted these with a
clinician) but it is certainly feasible that cognitive biases or
comprehension issues limited full understanding.

As an online community, PatientsLikeMe users exhibit biases
relative to other clinical samples such as MS patients a a
specialist MS center [ 13] including being younger or morelikely
to be female, we sought to address this through sample
weighting. While weighting reduces the bias in results, it does
increase the variance of the results, resulting in a decreased
statistical sensitivity to detect differences between groups. Our
sample contained a relatively high proportion of Copaxone
users, which might affect the results by including a larger set
of patients using alower-risk drug. However, inspection of the
conjoint analysis results suggest that there were no major
differences between the preferences of current Copaxone users
relative to those who have never used it, with differences in
CA1 importance levels of just 1% or less. The sample aso
included arelatively high proportion of patients not taking any
DMT. It is unclear why these participants were not taking a
DMT but we felt it was important to include the results as they
represent a proportion of the population that might one day
stand to benefit from a DMT if their expectations can be met.
Given the heterogeneity of experiences with medication
adherence, defining “non-adherence” as a single missed dose
in the past 28 days is overly simplistic, but as the number in
this group was relatively low, any further subdivision would
have lead to very low N’sfor statistical anaysis.

Given the self-reported nature of the site, we have no evidence
to confirm that members saying they have been diagnosed with
MS have actually done so, nor that this diagnosis was accurate.
Research is underway to more systematically address this
limitation, but we intentionally targeted for recruitment those
members who had been active on the site in the preceding 120
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days rather than recruiting a new sample through advertising,
so the likelihood that a given member would have signed up
more than three months previously and maintained an active
but fake account just on the chance of later gaining a survey
incentive seems low. We also cleaned the dataset for evidence
of straight-lining or duplicate entry. It is conceivable that a
subset of users might have gone on to have their diagnosis
changed to another condition; however, these limitations are
shared in common with many other studies that use mailing
lists or Web-based recruitment techniquesand held asacommon
caveat. In summary, we believe that al study methodologies
have their own set of limitations but that Web-based techniques
have the advantage of adapting to addressthesethrough iterative
software upgrades.

Future areas of research might include studying how patients
starting an oral DMT report making that decision and what their
medication adherence is like long-term. There is an inherent
assumption that moving from injectable to oral DM Ts should
produce improved adherence but this is yet to be tested
rigorously.

In attempting to select the best of these therapeutic options for
each patient, a balance must be struck of efficacy, safety,
tolerability, adherence, potential need for monitoring, and cost
effectiveness [29]. It is possible that the use of decision aids
that personally tailor anindividual patient’s attitudesto risk and
lifestyle preferences, supported by quantitative data abstracted
from the clinical literature, could prove a useful tool.

Conclusions

Oral-naive M S patientsidentified liver toxicity and seriousside
effects as the most significant determinants of DMT selection
while high frequency of daily dosing and certain side effects
appear to be the most important barriers to DMT adherence.
The use of conjoint analysis could be helpful in the development
of new decision aids to help patients and clinicians navigate
their many choices of DMT.

Acknowledgments

We are grateful to the members of PatientsLikeMe for volunteering to share their experiences, and to Kate Sulham and Darcy
Krzynowek for contributions to the project. No writing assistance was used in this study.

This study was funded by Novartis Pharmaceuticals Inc.

Conflictsof Interest

PW is an employee of PatientsLikeMe, owns stock/options in the company, and is a named inventor on patents filed by
PatientsLikeMe. The PatientsLikeMe R&D team has received research support from Abbvie, Acorda, Actelion, Amgen,
Astra-Zeneca, Avanir, Biogen, Genzyme, Johnson & Johnson, Merck, Novartis, Sanofi and UCB.

DB reportsthefollowing disclosures; Speakers Panel/Advisory Board: Acorda, Avanir, Biogenldec, Genzyme, Novartis, Questcor,

Serono, Teva; Research Support: Biogen Idec, Teva.
DL and TK are employees of GfK Custom Research.

JP and RS are employees of Novartis, and hold stock/options in the company.

References

1.  Castro-Borrero W, Graves D, Frohman TC, Flores AB, Hardeman P, Logan D, et al. Current and emerging therapiesin
multiple sclerosis: a systematic review. Ther Adv Neurol Disord 2012 Jul;5(4):205-220 [FREE Full text] [doi:

10.1177/1756285612450936] [Medline: 22783370]

http://www.i-jmr.org/2015/1/e6/

Interact JMed Res 2015 | vol. 4 | iss. 1| €6 | p.10
(page number not for citation purposes)


http://europepmc.org/abstract/MED/22783370
http://dx.doi.org/10.1177/1756285612450936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22783370&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Wicks et al

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Wicks P, Massagli M, Kulkarni A, Dastani H. Use of an online community to devel op patient-reported outcome instruments:
the Multiple Sclerosis Treatment Adherence Questionnaire (MS-TAQ). JMed Internet Res 2011;13(1):e12 [FREE Full
text] [doi: 10.2196/jmir.1687] [Medline: 21266318]

Heesen C, Kleiter |, Nguyen F, Schaffler N, Kasper J, Kopke S, et al. Risk perception in natalizumab-treated multiple
sclerosis patients and their neurologists. Mult Scler 2010 Dec;16(12):1507-1512. [doi: 10.1177/1352458510379819]
[Medline: 20826527]

Marshall D, Bridges JF, Hauber B, Cameron R, Donnalley L, Fyie K, et al. Conjoint analysis applicationsin health - How
are studies being designed and reported?: An update on current practice in the published literature between 2005 and 2008.
Patient 2010 Dec 1;3(4):249-256. [doi: 10.2165/11539650-000000000-00000] [Medline: 22273432]

Sculpher M, Bryan S, Fry P, de Winter P, Payne H, Emberton M. Patients preferencesfor the management of non-metastatic
prostate cancer: discrete choice experiment. BMJ 2004 Feb 14;328(7436):382 [FREE Full text] [doi:
10.1136/bmj.37972.497234.44] [Medline: 14751919]

Kellett N, West F, Finlay AY. Conjoint analysis: a novel, rigoroustool for determining patient preferences for topical
antibiotic treatment for acne. A randomised controlled trial. Br J Dermatol 2006 Mar;154(3):524-532. [doi:
10.1111/j.1365-2133.2005.07047.x] [Medline: 16445786]

Hauber AB, Arden NK, Mohamed AF, Johnson FR, Peloso PM, Watson DJ, et al. A discrete-choice experiment of United
Kingdom patients willingnessto risk adverse events for improved function and pain control in osteoarthritis. Osteoarthritis
Cartilage 2013 Feb;21(2):289-297 [FREE Full text] [doi: 10.1016/j.joca.2012.11.007] [Medline: 23182815]

Johnson FR, Van Houtven G, Ozdemir S, Hass S, White J, Francis G, et al. Multiple sclerosis patients benefit-risk preferences:
serious adverse event risks versus treatment efficacy. JNeurol 2009 Apr;256(4):554-562. [doi: 10.1007/s00415-009-0084-2]
[Medline: 19444531]

Clifford DB, De Luca A, DeL.uca A, Simpson DM, Arendt G, Giovannoni G, et a. Natalizumab-associated progressive
multifocal leukoencephal opathy in patients with multiple sclerosis: lessons from 28 cases. Lancet Neurol 2010
Apr;9(4):438-446. [doi: 10.1016/S1474-4422(10)70028-4] [Medline: 20298967]

Eysenbach G. Improving the quality of Web surveys: the Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
JMed Internet Res 2004 Sep 29;6(3):e34 [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

Bridges J, Hauber A, Marshall D, Lloyd A, Prosser L, Regier D, et al. Conjoint analysis applicationsin health--a checklist:
areport of the ISPOR Good Research Practices for Conjoint Analysis Task Force. Value Health 2011 Jun;14(4):403-413.
[doi: 10.1016/j.jval.2010.11.013] [Medline: 21669364]

Horne R, Weinman J, Hankins M. The beliefs about medicines questionnaire: The development and evaluation of a new
method for assessing the cognitive representation of medication. Psychology & Health 1999 Jan;14(1):1-24. [doi:
10.1080/08870449908407311]

BoveR, Secor E, Healy BC, Musallam A, Vaughan T, Glanz Bl, et al. Evaluation of an online platform for multiple sclerosis
research: patient description, validation of severity scale, and exploration of BMI effects on disease course. PL0oS One
2013;8(3):e59707 [EREE Full text] [doi: 10.1371/journal .pone.0059707] [Medline: 23527256]

Minden S, Hoaglin D, Jureidini S, Hadden L, Frankel D, Komatsuzaki Y, et a. Disease-modifying agents in the Sonya
Slifka Longitudinal Multiple Sclerosis Study. Mult Scler 2008 Jun;14(5):640-655. [doi: 10.1177/1352458507086463]
[Medline: 18566028]

Perumal J, Khan O. Emerging disease-modifying therapiesin multiple sclerosis. Curr Treat Options Neurol 2012
Jun;14(3):256-263. [doi: 10.1007/s11940-012-0173-x] [Medline: 22426573]

Gold R, KapposL, Arnold DL, Bar-Or A, Giovannoni G, Selmaj K, DEFINE Study Investigators. Placebo-controlled phase
3 study of oral BG-12 for relapsing multiple sclerosis. N Engl JMed 2012 Sep 20;367(12):1098-1107. [doi:
10.1056/NEJM 0a1114287] [Medline: 22992073]

Fox RJ, Miller DH, Phillips JT, Hutchinson M, Havrdova E, KitaM, CONFIRM Study Investigators. Placebo-controlled
phase 3 study of oral BG-12 or glatiramer in multiple sclerosis. N Engl J Med 2012 Sep 20;367(12):1087-1097. [doi:
10.1056/NEJM 0a1206328] [Medline: 22992072]

Cohen JA, Barkhof F, Comi G, Hartung HP, Khatri BO, Montalban X, TRANSFORMS Study Group. Oral fingolimod or
intramuscular interferon for relapsing multiple sclerosis. N Engl J Med 2010 Feb 4;362(5):402-415. [doi:

10.1056/NEJM 0a0907839] [Medline: 20089954]

Kappos L, Radue EW, O'Connor P, Polman C, Hohlfeld R, Calabresi P, FREEDOMS Study Group. A placebo-controlled
trial of oral fingolimod in relapsing multiple sclerosis. N Engl JMed 2010 Feb 4;362(5):387-401. [doi:

10.1056/NEJM 0a0909494] [Medline: 20089952]

O'Connor P, Wolinsky JS, Confavreux C, Comi G, Kappos L, Olsson TP, TEM SO Trial Group. Randomized tria of oral
teriflunomidefor relapsing multiple sclerosis. N Engl JMed 2011 Oct 6;365(14):1293-1303. [doi: 10.1056/NEJM 0a1014656]
[Medline: 21991951]

Confavreux C, Li DK, Freedman M S, Truffinet P, Benzerdjeb H, Wang D, Teriflunomide Multiple Sclerosis Trial Group.
Long-term follow-up of a phase 2 study of oral teriflunomidein relapsing multiple sclerosis: safety and efficacy results up
t0 8.5 years. Mult Scler 2012 Sep;18(9):1278-1289 [ FREE Full text] [doi: 10.1177/1352458512436594] [Medline: 22307384]

http://www.i-jmr.org/2015/1/e6/ Interact JMed Res 2015 | vol. 4 | iss. 1| e6 | p.11

(page number not for citation purposes)


http://www.jmir.org/2011/1/e12/
http://www.jmir.org/2011/1/e12/
http://dx.doi.org/10.2196/jmir.1687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21266318&dopt=Abstract
http://dx.doi.org/10.1177/1352458510379819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20826527&dopt=Abstract
http://dx.doi.org/10.2165/11539650-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22273432&dopt=Abstract
http://europepmc.org/abstract/MED/14751919
http://dx.doi.org/10.1136/bmj.37972.497234.44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14751919&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2133.2005.07047.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16445786&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(12)01020-5
http://dx.doi.org/10.1016/j.joca.2012.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23182815&dopt=Abstract
http://dx.doi.org/10.1007/s00415-009-0084-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19444531&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(10)70028-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20298967&dopt=Abstract
http://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
http://dx.doi.org/10.1016/j.jval.2010.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21669364&dopt=Abstract
http://dx.doi.org/10.1080/08870449908407311
http://dx.plos.org/10.1371/journal.pone.0059707
http://dx.doi.org/10.1371/journal.pone.0059707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23527256&dopt=Abstract
http://dx.doi.org/10.1177/1352458507086463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18566028&dopt=Abstract
http://dx.doi.org/10.1007/s11940-012-0173-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22426573&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1114287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22992073&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1206328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22992072&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0907839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20089954&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0909494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20089952&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1014656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21991951&dopt=Abstract
http://europepmc.org/abstract/MED/22307384
http://dx.doi.org/10.1177/1352458512436594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22307384&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Wicks et al

22.

23.

24,

25.

26.

27.

28.

29.

Rukovets O. Neurology Today. 2012. FDA Approves Oral M S Drug Teriflunomide URL : http://www.fda.gov/NewsEvents/
Newsroom/PressA nnouncements/ucm319277.htm [WebCite Cache ID 6WQplnufl]

Fox RJ, Rudick RA. Risk stratification and patient counseling for natalizumab in multiple sclerosis. Neurology 2012 Feb
7,78(6):436-437. [doi: 10.1212/WNL .0b013e318245d2d0] [Medline: 22282644]

Wilson L, Loucks A, Bui C, Gipson G, Zhong L, Tang J, et a. Patient preferences for attributes of disease modifying
therapies: Results of a choice based conjoint analysis. Value in Health 2013 May;16(3):A107. [doi:

10.1016/j.jval .2013.03.505]

Shingler SL, Swinburn B, Ali S, Perard R, Lloyd AJ. A discrete choice experiment to determine patient preferences for
injection devices in multiple sclerosis. JMed Econ 2013 Aug;16(8):1036-1042. [doi: 10.3111/13696998.2013.811079]
[Medline: 23730944]

Devonshire V, Lapierre Y, Macdonell R, Ramo-Tello C, Patti F, Fontoura P, et al. The Global Adherence Project (GAP):
amulticenter observational study on adherence to disease-modifying therapiesin patientswith relapsing-remitting multiple
sclerosis. Eur JNeurol 2011 Jan;18(1):69-77. [doi: 10.1111/].1468-1331.2010.03110.x] [Medline: 20561039]

May M. Aiding adherence: five approaches to following prescriptions. Nat Med 2010 May;16(5):504. [doi:
10.1038/nm0510-504] [Medline: 20448562]

Ryan M. Using conjoint analysis to take account of patient preferences and go beyond health outcomes: an application to
in vitro fertilisation. Soc Sci Med 1999 Feb;48(4):535-546. [Medline: 10075178]

Gasperini C, Ruggieri S, Mancinelli CR, Pozzilli C. Advancesin the treatment of relapsing-remitting multiple sclerosis -
critical appraisal of fingolimod. Ther Clin Risk Manag 2013;9:73-85 [FREE Full text] [doi: 10.2147/TCRM.S17426]
[Medline: 23483794]

Abbreviations

BM Q: Bdliefs about Medicines Questionnaire

CA: conjoint analysis

DMT: disease-modifying therapy

FDA: Food and Drug Administration

MRI: magnetic resonance imaging

MS: multiple sclerosis

MSRS: MS Rating Scale revised

MSTAQ: MS Treatment Adherence Questionnaire
PML: progressive multifocal |eukoencephal opathy

Edited by G Eysenbach; submitted 12.08.14; peer-reviewed by G Mancardi; commentsto author 05.12.14; accepted 21.01.15; published
05.03.15.

Please cite as:

Wicks P, Brandes D, Park J, Liakhovitski D, Koudinova T, Sasane R

Preferred Features of Oral Treatments and Predictors of Non-Adherence: Two Web-Based Choice Experiments in Multiple Sclerosis
Patients

Interact J Med Res 2015;4(1):€6

URL: http://www.i-jmr.org/2015/1/e6/

doi:10.2196/ijmr.3776
PMID: 25749630

©Paul Wicks, David Brandes, Jinhee Park, Dimitri Liakhovitski, Tatiana Koudinova, Rahul Sasane. Originally published in the
Interactive Journal of Medical Research (http://www.i-jmr.org/), 05.03.2015. Thisis an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Interactive Journal of Medical
Research, is properly cited. The complete bibliographic information, alink to the original publication on http://www.i-jmr.org/,
aswell asthis copyright and license information must be included.

http://www.i-jmr.org/2015/1/e6/ Interact JMed Res 2015 | vol. 4 | iss. 1| e6 | p.12

RenderX

(page number not for citation purposes)


http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm319277.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm319277.htm
http://www.webcitation.org/6WQplnuf1
http://dx.doi.org/10.1212/WNL.0b013e318245d2d0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22282644&dopt=Abstract
http://dx.doi.org/10.1016/j.jval.2013.03.505
http://dx.doi.org/10.3111/13696998.2013.811079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23730944&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-1331.2010.03110.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20561039&dopt=Abstract
http://dx.doi.org/10.1038/nm0510-504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20448562&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10075178&dopt=Abstract
http://dx.doi.org/10.2147/TCRM.S17426
http://dx.doi.org/10.2147/TCRM.S17426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23483794&dopt=Abstract
http://www.i-jmr.org/2015/1/e6/
http://dx.doi.org/10.2196/ijmr.3776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25749630&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Didler et d

Original Paper

Patterns of Technology Use in Patients Attending a
Cardiopulmonary Outpatient Clinic: A Self-Report Survey

Rebecca T Disler”’, BN, BSc, PGDipAdvPractice, M Sc(Research); Sally C Inglis, BN, BHSc(Hons), PhD, FAHA;
Phillip J Newton™, BN(Hons), PhD; David C Currow”, BMed, PhD; Peter S Macdonad®, BMBS, PhD; Allan R
Glanville”, MBBS, MD; DorAnne Donesky® , ANP-BC, PhD; VirginiaCarrieri-Kohlman®, FAAN, RN, PhD; Patricia
M Davidson®, FAAN, RN, MEd, PhD

1centre for Cardiovascular and Chronic Care, Faculty of Health, University of Technology, Sydney, Broadway, Australia
2Disci pline Palliative and Supportive Services, Flinders University, Adelaide, Australia

3st Vincent's Hospital and Victor Chang Cardiac Research Institute, Sydney, Australia

45t Vincent's Hospital, Sydney, Australia

5Physiological Nursing, University of California, San Francisco, CA, United States

6Depa\rtment of Acute and Chronic Care, Johns Hopkins University, Baltimore, MD, United States

*all authors contributed equally

Corresponding Author:

Rebecca T Didler, BN, BSc, PGDipAdvPractice, M Sc(Research)
Centre for Cardiovascular and Chronic Care
Faculty of Health

University of Technology, Sydney

PO Box 123

Broadway, NSW 2040

Austraia

Phone: 61 427466732

Fax: 61 427466732

Email: rebecca.disler@uts.edu.au

Abstract

Background: Self-management education for cardiopulmonary diseasesis primarily provided through time-limited, face-to-face
programs, with access limited to a small percentage of patients. Telecommunication tools will increasingly be an important
component of future health care delivery.

Objective: The purpose of this study was to describe the patterns of technology use in patients attending a cardiopulmonary
clinic in an academic medical center.

Methods: A prevalence survey was developed to collect data on participant demographics (agein years, sex, and socioeconomic
status); access to computers, Internet, and mobile phones; and use of current online health support sites or programs. Surveys
were offered by reception staff to all patients attending the outpatient clinic.

Results: A total of 123 surveys were collected between March and April 2014. Technologica devices were a pervasive part of
everyday life with respondents engaged in regular computer (102/123, 82.9%), mobile telephone (115/117, 98.3%), and Internet
(104/121, 86.0%) use. Emailing (101/121, 83.4%), researching and reading news articles (93/121, 76.9%), social media (71/121,
58.7%), and day-to-day activities (65/121, 53.7%) were the most common tel ecommuni cation activities. The mgjority of respondents
reported that accessto health support programs and assi stance through the Internet (82/111, 73.9%) would be of use, with benefits
reported as better understanding of health information (16/111, 22.5%), avoidance of difficult travel regquirements and
time-consuming face-to-face appointments (13/111, 18.3%), convenient and easily accessible help and information (12/111,
16.9%), and access to peer support and sharing (9/111, 12.7%). The mgjority of patients did not have concerns over participating
in the online environment (87/111, 78.4%); the few concerns noted related to privacy and security (10/15), information accuracy
(2/15), and computer literacy and access (2/15).

Conclusions: Chronic disease burden and long-term self-management tasks provide a compelling argument for accessible and

convenient avenues to obtaining ongoing treatment and peer support. Online access to health support programs and assistance
was reported as useful and perceived as providing convenient, timely, and easily accessible health support and information.
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Distance from the health care facility and alack of information provision through traditional health sources were both barriers
and enablersto telehealth. Thisis particularly important in the context of a cardiopulmonary clinic that attracts patients from a
large geographical area, and in patients who are most likely to have high health care utilization needs in the future.
Telecommunication interfaces will be an increasingly important adjunct to traditional forms of health care delivery.

(Interact J Med Res 2015;4(1):€5) doi:10.2196/ijmr.3955
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Introduction

Theincreasing burden of non-communicable diseases, such as
heart and respiratory disease, is placing increasing pressure on
global health systems [1,2]. The incidence and cumulative
burden of these chronic progressive disorders is accentuated
through population aging [1]. The prevalence of chronic heart
failure (CHF) is23 million worldwidewith an overall prevalence
of 2-3% of the population in the United States and Europe[2-5].
Theglobal prevalence of chronic obstructive pulmonary disease
(COPD) isestimated at 65 million and COPD isnow responsible
for 5% of al deaths globaly [6,7]. Despite optimal
pharmacol ogical and medical treatments, individualswith COPD
and CHF continue to experience high symptom burden, most
commonly dyspnea and fatigue [8-12]. Both COPD and CHF
are frequent causes of hospitalization and require
self-management strategies[8-12]. The economic costs of COPD
are approximately US$ 40 billion annually and this financial
burden will only increase[8-12]. Daily symptoms, poor physical
functioning, progressive social isolation, and caregiver burden
contribute to this disease burden [6,7,13].

The burden of non-communicable diseases extends over time
and the life course [14,15]. Self-management education for
people with COPD and CHF, including symptom management
strategies, exercise, and reinforcement of activity and medication
adherence, are primarily provided through pulmonary and
cardiac rehabilitation and heart failure specific disease
management programs [16-20]. These interventions are
commonly episodic, of short duration, and available only to a
small percentage of individuals [16,17], with access limited by
functional debilitation associated with chronic illness [21,22].
Although discrete di sease management strategies are an integral
element of evidence-based care, it isincreasingly apparent that
there are some symptom management issues that are germane
across chronic conditions [23]. Self-management support should
be targeted through multiple modes of delivery with a
broad-based symptom focus[24]. Although chronic conditions
such as COPD and CHF have received greater attention from
the medical community over the past decades, the burden of
disease at anindividual level islesswell recognized [25].

The most effective and economically sustainable approachesto
support patientswith chronic ilinesses such as COPD and CHF,
beyond acute exacerbations, require future investigation
[13,18,24,26-28]. The disease burden and long-term tasks of
self-management that confront patients are a compelling
argument for accessible and convenient avenues to obtaining
ongoing treatment and peer support [29-31]. Access to
Web-based health information and support is well established

http://www.i-jmr.org/2015/1/e5/

in the United States with a recent report noting that over 50%
of adults aged over 65 years use the Internet [28,32-35];
however, internationally, use is not so widespread [28,30-36].
In the Australian context, studies have explored Web-based
health interventions, but there is limited information as to the
patterns of technology usein this particular patient group [37].

Although technology accessis challenging for some older adults
who are the most burdened with chronic conditions,
communication tools have become acritical component of health
care delivery [29-31]. Rapid advances in tools that provide
instant access to health information and rich resources for
self-care have already created paradigm shifts in health
consumer attitudes about their health and health care [28-31].
The evolution of eHealth (health care delivery through Internet
and telehealth communications for surveillance, health
promotion, and symptom or disease management) and the
introduction of mHealth (monitoring, personal digital assistants,
and other wireless devices) are markedly altering the
collaboration and interaction between consumers, health
providers, and institutions [38-40]. Asynchronous forms of
health interaction, such as through email or discussion boards,
allow individuals to receive self-management and condition
support by posing questionsto their provider without having to
establish a formal face-to-face consultation (synchronous
interaction) [36,41]. These converging factors will shape the
development and testing of future interventions aimed at
improving health outcomes and reducing costs across chronic
illnesses. The new generation of empowered health consumers
will expect that health care systems accommodate their changing
needs and preferences for how they receive care, including
access to evidence-based therapies [28-31].

In order to determine the future feasibility of Internet-based
health care delivery, the reported prevalence study was
undertaken to describe the patterns of technology usein patients
attending a cardiopulmonary clinic in an academic medical
center. The cardiopulmonary patients responding to this survey
have provided a sample of thoseindividuals most likely to have
high health care utilization needs in the future; it is important
totakethisinitia step in understanding whether these consumers
are technology ready [42-44].

Methods

Objective
The objective of the study was to describe the prevalence and

patterns of technology use in patients attending a
cardiopulmonary outpatient clinic through a self-report survey.
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Recruitment

Patients attending a cardiopulmonary outpatient clinic at an
academic medical center were invited to participate in this
anonymous survey. All patients attending the cardiopulmonary
outpatient clinic were eligible to participate.

The cardiopulmonary clinic is located within an academic
medical center and provides servicesfor patientswith avariety
of conditions including COPD, CHF, advanced lung disease,
heart transplantation, and pulmonary hypertension. This clinic
is a central referral setting for surrounding regiona areas,
consequently, individuals travel from all areas within the state
to access specialist treatment.

Instrument

A prevalence survey was devel oped in consultation with experts
in the field of chronic illness and Internet-based health care
delivery. The survey was presented in four sections with 11
guestions used to capture information on participant
demographics (agein years, sex, socioeconomic status); access
and use of computers, Internet, and mobile telephones; and
currently accessed health support sites. Socioeconomic status
was described using the Australian socioeconomic indexes for
areas (SEIFA) [45]. These indices summarize “the relative
socioeconomic advantage and disadvantage of areas using data
from the Census of Population and Housing” and are reported
through Australian area postcode (area zip code). Indices are
based on a number of variables including employment, private
and rented occupied housing, family makeup, and highest
qualification, to name afew [45]. Nominal tick boxes and free
text short answer questions were used to collect responses.
Respondents were able to give multiple answers to appropriate
nominal and free text questions, noted by “please tick all that

apply”.

The survey was piloted for 1 week in the cardiopulmonary clinic
and 10 surveys were checked for completion and coherence
with the questions asked prior to continuing with data collection.
There was limited missing data in this initial phase, however,
“Pleaseturn over” was added to the bottom of the pagefor ease.
No other adjustmentswere required. Thefinal survey contained
four sections with 11 questions and took approximately 5-10
minutes to complete (see Multimedia Appendix 1).

http://www.i-jmr.org/2015/1/e5/
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Data Collection

Surveyswere offered by reception staff to all patients attending
the outpatient clinic at appointment registration. Surveys on
clipboards were aso placed on tables within the waiting area
for patients to complete as they wished. Participation was
voluntary with hard copy surveys completed and placed
anonymously in a sealed submission box within the waiting
area.

Data Analysis

Descriptive statistics were used to analyze all aspects of the
survey data.

Ethical Issues

Ethical approval was provided by the collaborating academic
institution and clinical site; approval numbers LHR/13/SVH/5
and 2012-149A. Participation was voluntary and anonymous.

Results

Respondents

A total of 123 surveyswere collected between March and April
2014. Approximately 543 patients attended appointments at the
cardiopulmonary clinic during the study period, resultingin an
overall response rate of 22.7%. The overwhelming majority of
respondents completed the survey questions in full. This took
into consideration respondents who answered “no” to regular
computer or Internet who were precluded from completing
particular subsequent questions; all previous responses from
these respondents were included in the descriptive statistics.
All 123 respondents answered questions in regards to gender,
with more females (72/123, 58.5%) noted to have completed
the surveys than males (51/123, 41.5%). Age was reported in
118 of 123 (95.9%) surveys with median respondent age of 56
years (range 18-77), and 52.5% (62/118) of respondents aged
between 50 and 64 years. All respondents noted their area zip
code and from this just under half (55/123, 44.7%) of the
respondents were considered to live in middle socioeconomic
areas with under one-third coming from low socioeconomic
areas (32/123, 26.0%) and under one-third living in high
socioeconomic areas (36/123, 29.3%) (Table 1).
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Table 1. Respondent demographic characteristics.
Descriptive characteristics n (%)
Gender (n=123)
Male 51 (41.5)
Female 72 (58.5)
Age, years (n=118)
Median (range) 56 (18-77)
Under 50 42 (35.6)
50-64 62 (52.5)
Over 65 14 (11.9)
Socioeconomic indexes for areas based on postcode (SEIFA), Australia, 2011 @ (n=123)
Low income (Deciles 1 and 2) 32(26.0)
Middle income (Deciles 3 to 8) 55 (44.7)
High income (Deciles 9 and 10) 36 (29.3)

3Australian Bureau of Statistics. Socioeconomicindexesfor areas: robustness, diversity within larger areas, and the new geography standard Commonwealth

of Australia2012; ABS Catalogue no. 1351.0.55.038.

Computer Use

All 123 respondents answered questions related to computer
use with the majority of respondents engaged in regular
computer use (102/123, 82.9%), defined as more than four times
per week. The overwhelming majority had access to a device
a home (118/123, 95.9%) mainly in the form of a laptop
(91/123, 77.1%); however, over half additionally had accessto
adesktop (60/123, 50.8%) and atablet (60/123, 50.8%). Fewer

http://www.i-jmr.org/2015/1/e5/

RenderX

than half the respondents had access to a computer at work for
personal use (58/123, 47.2%) and in most casesthis accesswas
a desktop computer (44/58, 75.9%). There was no marked
difference in computer use across age groups or gender;
however, respondents who came from lower socioeconomic
areas (32/123, 26.0%) noted less regular computer use (24/32,
75%) compared with other groups (47/55, 85% in middle and
31/36, 86% in high socioeconomic groups) (Table 2).
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Table 2. Questions relating to access and use of technology.

Access to technology n (%)2

Regular computer use (n=123)
Yes 102 (82.9)
No 21 (17.1)
Regular computer use, “yes’, by age group, years (n=118)

Under 50 (n=42) 33(78.6)
50 — 65 (n=62) 53(85.5)
65 and over (n=14) 11 (78.6)

Regular computer use, “yes’, by socioeconomic area b (n=123)

Low socioeconomic area (n=32) 24 (75.0)
Middle socioeconomic area (n=55) 47 (85.5)
High socioeconomic area (n=36) 36 (86.1)

Accessto a computer device at home (n=118)

Desktop 60 (50.8)

Laptop 91 (77.1)

Tablet 60 (50.8)
Accessto a computer device through work (n=58)

Desktop 44 (75.9)

Laptop 31(53.4)

Tablet 17 (29.3)

Regular Internet use (n=121)

Yes 104 (86.0)

No 17 (14.0)
Regular Internet use, “yes’, by age group, years (n=116)

Under 50 (n=41) 37(90.2)

50 — 65 (n=62) 52 (83.9)

65 and over (n=13) 11 (84.6)

Regular Internet use, “yes’, by socioeconomic area b (n=121)

Low socioeconomic area (n=32) 25(78.1)
Middle socioeconomic area (n=54) 48 (88.9)
High socioeconomic area (n=35) 31(88.6)

M ode of Internet access at home (n=120)

Yes 113 (94.2)
No 7(5.8)
If yesto home Internet access, (n=110)

Wireless 61 (55.5)
Broadband 34(30.9)
Cable/DSL /fiber 9(8.2)
Dial-up 2(1.8)
Unsure 4(3.6)

Mode of Internet access outside the home (n=120)
Yes 81 (67.5)
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Access to technology n (%)2
No 39 (32.5)
If yesto Internet access outside the home (n=93)
At work 62 (66.7)
Viapublic wireless 58 (62.4)
Via smartphone 31(33.3)
Viafriend's place 24 (25.8)
Vialnternet café 10(10.8)
Key Internet activities (n=121)
Emailing 101 (83.4)
Browsing, researching, reading news articles 93 (76.9)
Socia media 71 (58.7)
Day to day activities (shopping, banking, and browsing) 65 (53.7)
Browsing for health information 56 (46.3)
Skype or video calls 36 (29.8)
Access to a mobile phone (n=117)
Yes 115 (98.3)
No 2(L7)
K ey mobile phone activities (n=115)
Phone calls 111 (96.5)
Sending texts 100 (86.9)
Internet browsing 62 (53.9)
Checking and sending emails 57 (49.5)
Other (playing games, social media, apps) 6(5.3)

3V ultiple responsesto questions were accepted in free text questions and respondentswereinstructed to “ tick all that apply” when responding to nominal

guestions. In this context, the sum of percentages will be more than 100%.

baustralian Bureau of Statistics. Socioeconomicindexesfor areas: robustness, diversity within larger areas, and the new geography standard Commonwesalth

of Australia2012; ABS Catalogue no. 1351.0.55.038

M obile Phone Use and Activities

The majority (117/123, 95.1%) of respondents answered
questions related to mobile phone use and activities, with all
but two respondents reporting that they used a mobile phone
(115/117, 98.3%). Phone calls (111/115, 96.5%) and sending
texts (100/115, 86.9%) were the two main activities carried out
using amobile phone. Over half of the respondents additionally
used their phonefor Internet browsing (62/117, 53.0%) and half
for checking and sending emails (57/115, 49.5%) (Table 2).

Internet Use and Activities

The majority (121/123, 98.4%) of respondents answered
guestionsrelated to Internet use and activities, with the mgjority
reporting regular Internet use (104/121, 86.0%). Internet use
did not differ across age or gender; however, similar to computer
use, those from lower socioeconomic areas had areduced regular
Internet use (25/32, 78%). Internet in the home setting was
accessed by 94.2% (113/120) of respondents and in the main
thiswasthrough wireless (61/110, 55.5%) or through broadband
access (34/110, 30.9%). The majority of respondents also
reported accessto the Internet outside the home (81/120, 67.5%)

http://www.i-jmr.org/2015/1/e5/

and thiswas accessed either at work in linewith computer access
above (62/93, 67%) or through public wireless (58/93, 62%).
A further third of individuals additionally had access to the
Internet through smartphones (31/93, 33%) and others had
accessthrough afriend’s home (24/93, 26%) and Internet cafes
(10/93, 11%) (Table 2).

The main activities undertaken through an Internet platform
were reported in 121 of 123 (98.4%) of respondents with
emailing (101/121, 83.4%), browsing, researching, and reading
news articles (93/121, 76.9%), accessing social media (71/121,
58.7%), and day-to-day activities including online shopping,
banking, and general browsing (65/121, 53.7%), as the most
common. Just under half of respondents (56/121, 46.3%) used
the Internet to browse health information and under a third
(36/121, 29.8%) for Skype and video calling (Table 2). More
female respondents noted that they used the Internet for both
social media (female 50/69, 72% vs male 21/47, 45%,) and
daily activitiesincluding online shopping banking and browsing
(female 42/69, 61%, vs male 23/47, 49%) compared with their
male counterparts. In regard to socioeconomic status, those
from higher income areas showed a higher rate of email (32/34,
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94% vs 43/51, 84% and 26/31, 84% in middle and lower
socioeconomic groups respectively), research and reading the
news (30/34, 88% vs 39/51, 76% in middle and 39/51, 77%in
lower socioeconomic groups), and accessing health information
through the Internet (21/34, 62% vs 23/51, 45% in middle and
12/31, 39% in lower socioeconomic groups). Those respondents
from middle socioeconomic areas were more likely to access
social media (37/51, 73%) compared with the other groups
(17/34, 50% in higher and 17/31, 55% in lower socioeconomic
groups). Respondents from lower socioeconomic areas were
additionally less likely to Skype (6/31, 19% vs 12/34, 35% in
higher and 18/51, 35% in lower socioeconomic groups) or
engage in daily online activities, such as shopping, banking,
and browsing (11/31, 35% vs 23/34, 86% in higher and 31/51,
61% in lower socioeconomic groups) (Table 2).

ThePotential for Web-Based Support and I nformation

The majority of respondents (111/123, 90.2%) answered
guestions in relation to access, concerns, and use of
technology-based health websites. The majority answered that
they would find it useful to have access to support programs
and assistance with health problems through the Internet
(82/111, 73.9%). Respondents between the ages of 50 to 65

http://www.i-jmr.org/2015/1/e5/
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yearshad adlightly higher positive responseto this (45/54, 83%)
compared with those in the under 50 years group (25/40, 63%)
and the over 65 years group (8/12, 67%). Interestingly, those
from higher socioeconomic areas were less likely to respond
positively to finding benefit from online support and
information, with only 67% (22/33) responding “yes’, compared
with 75% (21/28) in lower socioeconomic areas and 78% (39/50)
in middle socioeconomic areas. The majority of respondents
gave reasons as to why they would access online support
(71/111, 63.9%) with the main reasons being: better able to
understand health information and condition management
(16/71, 23%), avoid difficult travel requirements and
time-consuming face-to-face appointments (13/71, 18%), and
have convenient and easily accessible help and information
(12/71, 17%). Nine (13%) of 71 reported “the more help the
better” or words to that effect, and nine (13%) of 71 noted the
benefit of peer support and sharing. It is also important to note
that six (8%) of 17 respondents wrote that online information
would address the difficulty they experienced in accessing
information from their health providers and a further six (8%)
of 71 noted that they would be able to get up-to-date advice on
management and treatments (Table 3).
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Table 3. Questions regarding online access, concerns, and currently used sites.

Online access, concerns and currently accessed sites n (%)2

Would you find it useful to be able to access support programsusing the Internet to assist you with your health problems? (n=111)
Yes 82 (73.9)
No 29 (26.1)
Would you find access through Internet useful, “yes’, by age group, years (n=106)

Under 50 (n=40) 25 (62.5)
50 — 65 (n=54) 45(83.3)
65 and over (n=12) 8 (66.7)

Would you find accessthrough Internet useful, “yes’, by socioeconomic area b (n=111)

Low socioeconomic area (n=28) 21 (75.0)
Middle socioeconomic area (n=50) 39 (78.0)
High socioeconomic area (n=33) 22 (66.7)

Reported reasons (n=71)

Better understanding of health information and condition management 16 (22.5)
Avoid difficult travel requirements and |ess time consuming 13 (18.3)
Convenient and accessible help and information 12 (16.9)
“The more help the better” 9(12.7)
Peer support and sharing 9(12.7)
Address difficulty in accessing disease information from health providers 6 (8.5)
Up-to-date advice on management and treatments 6(8.5)

Arethere health education or social group sites on the Internet that you have found helpful ? (n=112)
Yes 60 (53.6)
No 52 (46.4)
Health education or social group sites helpful, “yes’, by age group, years (n=107)

Under 50 (n=38) 20 (52.6)
50 — 65 (n=57) 29 (50.9)
65 and over (n=12) 7 (58.3)

Health education or social group sites helpful, “yes’, by socioeconomic area b (n=112)

Low socioeconomic area (n=30) 14 (46.7)
Middle socioeconomic area (n=48) 27 (56.3)
High socioeconomic area (n=34) 19 (55.9)

Reported health education or social group sites (n=52)
Health organization or research sites 16 (31)
Australian Heart/Lung Transplant Association 7 (43.8)

Diabetes 3(18.8)
Heart Lung Transplant Network 1(6.3)
Arthritis Australia 1(6.3)
Cystic Fibrosis 1(6.3)
Hemochromatosis organization 1(6.3)
Heart and lung sites 1(6.3)
Heart foundation 1(6.3)
General browsing for health information and education 13 (25.0)
http://www.i-jmr.org/2015/1/e5/ Interact JMed Res 2015 | vol. 4 |iss. 1| €5 | p.20
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Online access, concerns and currently accessed sites n (%)2
Medication and treatment information and side effects 9(17.9)
Facebook for disease-specific support groups 8(15.4)
Donate Life 1(1.9
Health rebate and concession information 1(1.9
Online mental health programs (Sadness and Depression program) 1(1.9

Would you have any concerns about participating in support programsviathe Internet? (n=111)

Yes 24(21.6)
No 87 (78.4)

Concern about participating, “yes’, by age group, years (n=106)

Under 50 (n=41) 8(19.5)
50 — 65 (n=53) 12 (22.6)
65 and over (n=12) 3(25.0)

Would you find access through Internet useful, “yes’, by socioeconomic area b (n=111)

Low socioeconomic area (n=28) 5(17.9)
Middle socioeconomic area (n=50) 13 (26.0)
High socioeconomic area (n=33) 6(18.2)

Reported concerns (n=15)

Privacy and security 10 (66.7)
Accuracy of information 2(133)
Computer literacy and access 2(133)
Limited Australian-based sites 1(6.7)
Misinterpretation of information 1(6.7)
No support group for my condition 1(6.7)

@M ultiple responses to questionswere accepted in freetext questionsand respondents wereinstructed to “tick all that apply” when responding to nominal

guestions. In this context, the sum of percentages will be more than 100%.

bAustralian Bureau of Statistics. Socioeconomicindexesfor areas: robustness, diversity within larger areas, and the new geography standard Commonwesalth

of Australia2012; ABS Catalogue no. 1351.0.55.038.

Health Infor mation and Education WebsitesCurrently
Accessed

The magjority of respondents answered questions relating to
health information and education sites currently accessed
through the Internet (112/123, 91.1%). Over haf of the
respondentswere aready accessing websitesthat they felt were
useful (60/112, 53.6%) and thiswas marginally higher in those
aged 65 years and above (7/12, 58%) than those from middle
(29/57, 51%) and low socioeconomic areas (20/38, 53%). A
total of 52 (46.4%) of the 112 respondents reported commonly
accessed sites, with hedlth organizations and research sites
(16/52, 31%), including Australian Heart/Lung Transplant
Association, most common. One-third (16/52, 31%) of
respondents stated that they did not access a particular website,
but that they generaly browsed the Internet for health
information and education, with a further nine (17%) of 52
respondents accessing sites for medication and treatment
information specifically. Eight (15%) of 52 responded that they
accessed disease-specific Facebook support groups, and single
individual s noted they accessed Donate Life, health rebate and

http://www.i-jmr.org/2015/1/e5/

concession sites, and an online mental health support program
run by the academic medical center itself (1/52, 2%,
respectively) (Table 3).

Concerns Over Accessing I nformation and Support
Online

When asked if respondents had concerns over accessing and
participating in online support programs, the overwhelming
majority of respondents answered the question (111/123, 90.2%)
and did not have concerns (87/111, 78.4% answered “no”). This
did not differ across gender, age, or socioeconomic groups.
Reasons for concern were given by a small number of
respondents (15/111, 13.5%), with privacy and security most
common (10/15). Other reasonsfor individual concernincluded
accuracy of information (2/15), computer literacy and access
(2/15), limited Australian-based sites (1/15), the opportunity
for misinterpretation of information (1/15), and the lack of a
support group for that individual’s particular condition (1/15)
(Table 3).
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Discussion

Principal Findings

Web-based health information and support are available in the
United States [28, 32-35]; however, internationally, the use is
not aswidespread [28,30-36]. In the Australian context, studies
have explored Web-based health interventions, but there is
limited information as to the patterns of technology use in
cardiopulmonary patients [37]. The reported study sought to
describe patterns of technology use in patients attending a
cardiopulmonary clinic. The patients responding to this survey
provide a sample of those individuals likely to have increasing
health care utilization needs. It is important to take this initial
step in understanding whether these consumers have technol ogy
capabilities and receptivity to these modalities [42-44)].

Study results indicated that computer, mobile phone, and
Internet use are a pervasive part of everyday lifewithindividuas
using their technological devices for a variety of reasons,
including accessing and browsing health information websites.
The majority of respondents additionally answered that access
to support programs through a telecommunication platform
would provide assistance with their health problems; this was
most common in individuals aged 50-65 years. The most
commonly accessed websites were disease-specific sites,
organizations, and research sites, as well as sites that provided
information on specific medications and treatments. In
agreement with previous literature, peer support and sharing of
experiences were also noted as benefits of access through an
online platform, and was noted as providing support and
information that they may not otherwise be able to access in
their everyday life [29-31,46,47].

Patterns of technology use did differ between patients from
different socioeconomic groups, as measured using
advantage/disadvantage index based on area [45]. Although
overal technology use was pervasive in al groups, patients
who lived in higher socioeconomic areas used the Internet most
regularly and those patients from middle socioeconomic areas
weremost likely to access social mediacompared with the other
groups. Although still high users of technol ogy, those from low
socioeconomic areas had less access to computers and used
computers and the Internet less frequently, a situation evident
ininternational literature; technological accessand literacy are
a consideration for future technology-based health delivery
interventions [48,49]. Interestingly, while those who lived in
higher socioeconomic areas were most likely to be aready
accessing Web-based health information sites, when asked if
they would benefit from delivery of health information and
support through an online interface, those from higher
socioeconomic areas were least likely to respond positively;
this may reflect higher health literacy [27,50], better health
access [2,45], and therefore less need for additional support,
but this would need further investigation.

Respondents indicated clear issues with current health care
delivery through face-to-face interaction, with several noting
the long distance they had to travel to access care and the lack
of information provision through traditional sources; Web-based
health information delivery may go some way to alleviating the
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limitations of current health care provision. As similarly noted
in previous literature, respondents viewed online health care
delivery as providing convenient, timely, and easily accessible
information, currently difficult to obtain through traditional
face-to-face sources [29-31,51]. Thisis particularly important
in the context of this cardiopulmonary clinic, which acts as a
quaternary referral clinic attracting patients from a large
geographical area across the state. Several studies have
highlighted the relationship between patient satisfaction and
Web-based health information seeking behavior [51-53].
Consumer-health provider interfaces need to be improved to
providetimely and accessible health careinteraction that reduces
the geographical burden of current headth care delivery
[28-31,51-53].

While the majority of respondents stated that they did not have
concerns over accessing information or support online, issues
of privacy and security, the accuracy of information, and the
potential for misinterpretation of information were raised by a
smaller number of patients. Consumers' ability to distinguish
accurate, trustworthy, and personally applicable information,
when faced with the sheer volume of health information sites
available, is a commonly reported challenge in the literature
[42-44]. Development and validation of websites is essential;
health professionals have an opportunity to ensure that patients
and their families have guidance to accurate and trustworthy
Web-based health information sources [42-44].

Web-based health care delivery has particular potential to
provide convenient and accessible access for individuals and
their families living with chronic, complex, and progressive
conditions[28-31]. Providing ongoing care through technol ogy
platforms may address the issues associated with short-term
episodic programs, such as pulmonary and cardiac rehabilitation,
in providing ongoing education, social support, and exercise
maintenance to larger patient cohorts [16,17,21,22,28].
Self-management programs that are provided through a
Web-based interface may |everage computer-based and mobile
technology to facilitate continued care and support [28-31].
Thismay be of particular value to aging “baby boomers’, who
have already incorporated these technologies into their daily
lives [28-31]. Web-based health care delivery additionally has
the potential to help those at end of life who need increasingly
complex strategiesto cope with dyspneaand fatigue, especially
as they become homebound [28-31].

Implications for Practice

This study sought to describe patterns of technology use in
patients attending a cardiopulmonary clinic. Technology useis
a pervasive part of everyday life regardless of age or
socioeconomic group with patients already heavily engaged in
health-seeking behaviors through Web-based sources. Thereis
anecessity to devel op and validate websites, and an opportunity
to ensure that patients and their families have guidance to
accurate and credible health information sources. Web-based
delivery of heath information and support is of particular
importance in patients with cardiopulmonary disease, who are
most likely to have high symptom burden and health care
utilization needsin the future. Current consumer-health provider
interfaces need to be improved to accommodate the changing
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needs and preferences of an empowered generation of health
consumers, and to provide timely and accessible health care
interaction that addresses the geographical burden of current
health care delivery. Telecommunication interfacesmay alleviate
some of the difficulties with current health care access and
provide an increasingly important adjunct to traditional forms
of health care delivery. We are at a turning point within the
evolution of health care delivery and have the opportunity to
shape how future interventions deliver health information and
promote self-management. Future research must explore the
feasibility of delivering health care through Web-based
platforms across larger cohorts and explore the socia and
economic impact of this approach on health care delivery.

Limitations

This prevalence study was undertaken in a small cohort of
patientsfrom asingleclinical site. While survey responseswere
completedin full in most cases, thereisapossibility that patients
who do not engage with technology may have self-excluded
from participating. Further, large cohort, multi-site research
would be required to describe overall population technology
use. Additionally, this study only sought to describe the patterns
of technology use and further research isrequired to understand
the attitudes and specific barriers faced by cardiopulmonary
pulmonary patients in regard to the delivery of health
information and education through telecommunication
interfaces. Whilethisinitial study does have itslimitations, the
results do provide important information regarding patients
access to technological devices, their use of Web-based
information and support for their health conditions, and the
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perceived potential benefits of health care delivery through
Web-based platforms. This is particularly important in the
context of patients attending a cardiopulmonary clinic, who are
most likely to have high symptom burden and associated health
care utilization needs in the future.

Conclusions

Chronic disease burden and the long-term self-management
tasks that challenge patients with cardiopulmonary disease are
a compelling argument for accessible and convenient avenues
to obtaining ongoing treatment and peer support. Technology
use was aready a pervasive part of everyday life for study
participants, and a central platform for health care interactions
including common access of health information and education.
Patterns of use and access differed marginally across age and
socioeconomic groups, however, accessing Web-based health
information was prevalent for al groups. Clear issues were
raised over long distance travel and a lack of information
provision through traditional health delivery sources. Web-based
access to health support programs are perceived as providing
convenient, timely, and easily accessible
information—particularly important in the context of a
quaternary referral clinic attracting patients from a large
geographical area, and in cardiopulmonary patients most likely
to have high heath care utilization needs in the future.
Telecommunication interfaceswill be anincreasingly important
adjunct to traditional forms of health care delivery. These will
need to be assessed for the validity of content and access to
target populations.
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Abstract

Background: Informal caregiversof personswith dementiaexperience higher levels of chronic stressin the caregiving trajectory.
The Internet provides diverse types of caregiver resources that may help ameliorate their stress and relevant negative outcomes.
However, there is limited information about the prevalence and factors of using Internet-based resources for health- and
caregiving-related purposesin informal caregivers of persons with dementia.

Objective: Specific aims of this study were (1) to determine the prevalence and factors of caregiver’s health-related Internet
use and (2) to compare sociodemographic and caregiving-related characteristics between health-related Internet users and
non-health-related Internet users among informal caregivers of persons with dementia.

Methods: This quantitative investigation was a descriptive correlational design using a secondary data analysis. Primary data
were collected viaa survey conducted in 2009 by the National Alliance for Caregiving and the American Association of Retired
Persons. Telephone interviews utilizing standardized questionnaires were used to collect self-reported information about
sociodemographics and caregiving-related history (N=450). Descriptive statistics and a hierarchical binary logistic regression
analysis were completed based on the stress process model.

Results: Approximately 59% (265/450) of dementia caregivers were identified as health-related Internet users. Caregivers
sociodemographics and their subjective responses of caregiving stress were the most significant factors to identify health-related
Internet users followed by workload assisting in instrumental activities of daily living of persons with dementia. There were
significant differencesfor caregiver's age, levels of education and income, hours spent caregiving, and the rel ationship to persons
with dementia between health-related Internet users and non—health-related Internet users (P<.05 for all). After controlling for
confounding effects, younger age of personswith dementia (OR 0.278, 95% CI 0.085-0.906), higher education levels of caregivers
(OR 3.348, 95% CIl 2.019-5.552), shorter caregiving time spent per week (OR 0.452, 95% CI 0.243-0.840), higher levels of
caregiver's emotiona stress (OR 1.249, 95% CI 1.004-1.555), and financial hardship (OR 4.61, 95% Cl 1.416-14.978) were
identified as newly emerging factors of health-related Internet use.

Conclusions:  Although the Internet provided useful resources for caregivers of persons with dementia, dementia caregivers
reported lower levels of health-related Internet use compared to the general public. Our findings confirmed the impact of age,
education levels, and/or income on Internet use reported in previous studies. However, the predictive val ue of subjective responses
of caregiving stressfor health-related I nternet use was anew addition. Thesefindingswill assist health care providers, researchers,
and policy makersin identifying who is the least likely to access Internet-based resources and how Internet-based strategies can
best be designed, implemented, and distributed to meet the needs of this group of users.

(Interact I Med Res 2015;4(1):e1) doi:10.2196/ijmr.3127
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Introduction

Dementia, including Alzheimer disease, refers to cognitive
disorders presenting memory impairment, difficulty inlanguage,
organizational ability, abstract thinking, object recognition, and
disturbance of executivefunction [1]. Adults caring for persons
living with dementia (hereafter dementia caregivers) are the
second-largest informal caregiver group in the United States
because most people with dementia are older adults aged 65 or
older [1,2]. Dementia caregivers are more likely to experience
a wide range of negative behaviors or health problems than
persons with nondementia health problems[2,3]. For example,
dementia caregivers frequently exhibit maladaptive coping
strategies, express concern about their poor quality of life,
experience lower self-rated health, and report a higher level of
caregiver burden [4-6]. In addition, dementia caregivers report
severe sleep disturbances, clinical depression, and higher
mortality compared to other caregivers [4,6-8]. Interestingly,
these negative effects of dementia caregiving project to their
care recipients because dyads of caregivers and persons with
dementia are interdependent in the family unit [9]. Caregiver
stress and burden have been shown to increase caregiver's
harmful or abusive behaviors toward their care recipients [10],
accelerate the early placement of persons with dementia into
institutional care[11], and decrease the life expectancy of care
recipients [12]. Thus, timely reduction of caregiver stress and
related problems are critical for both caregivers and care
recipients.

To discontinue this vicious cycle between caregivers and care
recipients, the stress process model emphasizes the proper use
of resourcesto mediate the rel ationship between caregiver stress
and relevant consequences [13]. Caregivers will experience
higher levels of stress if they perceive their demands to be
beyond the capacity of their coping resources [13]. Dementia
caregiversarelikely to seek out external resourcesthat will help
them resolve their stress, manage their health problems, and
provide ongoing care for persons with dementia [2,3,12].
However, previous studies of resource use have generaly
focused on traditional face-to-face resources, such as
professional health care services and support [6];
community-based services, such asrespite servicesor caregiving
assistance from professionals or nonprofessionals [14]; or
agency-provided health and human resources [15]. However,
there are no investigations examining Internet-based resources
for health-related purposes in dementia caregivers.

Internet-based health resources include health information on
websitesand activities viacommunication technol ogies, whereas
it excludes specific health interventions based on information
and communication technology (ICT) specifically designed by
clinical researchers [16,17]. Internet-based resources are now
widely used and well integrated into the daily lives of the
caregiving population [18]. The Internet modality assists in
overcoming the limitations of aface-to-face approach; namely,
time constraints, geographic limitations, and transportation
issues [19,20]. Surveys of family caregivers report that 80% to
95% request technol ogy-based interventions and Internet-based
information or resources for enhancing better caregiving on
behalf of their carerecipients[21,22]. Clinicians have suggested
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various online information to caregivers as practical adjuncts
or aternativesto traditional approacheswithout proven evidence
[23]. However, it has rarely been evaluated in terms of how
much dementia caregivers use the Internet for health-related
purposes (hereafter health-related I nternet use) and what factors
affect their use. Thus, evidence-based practice requires more
datato support current clinical practice.

This study used a modified stress process model by adding
health-related Internet use as new subcomponent of resources.
Theoriginal framework, developed by Pearlin et al [13] in 1990,
has been used to understand how caring for a person with
dementia affects both the health and well-being of both persons
with dementia and their informal caregivers. In the
multidimensional caregiving stress process, appropriate use of
external resources mediates their coping within stressful
situations. The addition of health-related Internet use to this
original model can reflect the current need for virtual care
resources for dementia caregiversliving in the high-tech society
of the 21st century [21,22]. The modified model was used for
this study regarding (1) defining study constructs, (2) selecting
and operationalizing study variables, (3) guiding data analysis,
and (4) interpreting findings for clinical inferences.

Thisstudy evaluated how dementia caregivers use Internet-based
resources for health- and caregiving-related purposes.
Specifically, this study examined the prevalence and factors of
health-related Internet use in dementia caregivers as well as
differences between Internet users and non-Internet users. Three
research questions were proposed:

1. What percentage of dementia caregiversuse | nternet-based
resources for health- and caregiving-related purposes?

2. Are there any differences in sociodemographic and
caregiving-related characteristics between health-related
Internet users and non-health-related Internet users?

3. Which sociodemographic and caregiving-related factors
are associated with health-related Internet use in dementia
caregivers?

Methods

Design

The study was a cross-sectional and descriptive correlational
design using asecondary dataanalysis. The primary datasource
was from the National Alliance for Caregiving (NAC) and the
American Association of Retired Persons (AARP). Thisdataset
was selected for this study because of (1) its up-to-date
information on Internet use by dementia caregivers and (2)
continuous refinement of sampling and data collection over the
past decade [24,25].

Description of the Primary Data Sour ce

The NAC and AARP survey collected sociodemographic and
caregiving-related data about persons with dementia and
caregivers as well as their Internet and technology use.
Interviews using astandardized questionnaire were programmed
into acomputerized telephone system and were conducted from
March to June 2009. Interviewees were 6806 adults living in
communities in California, Delaware, 1llinois, Kansas, Ohio,
Virginia, and the state of Washington in the United States.
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Random digit dialing based on surnames produced a set of
telephone numbers stratified by geographic population density.
Oversampling wasdoneinracial and ethnic minorities (African
American, Asian, and Hispanic groups) and older adults (age
50 yearsor older). One respondent was randomly selected from
each household. If there were multiple care recipients (2 or
more) for 1 caregiver, interviewers focused on the information
for 1 primary care recipient who was receiving the most
assistance from the caregiver [24,25].

Figure 1. Flowchart of study samples.

Survey interviewee
(n=6806 )

Kim

Sample

This study used a subset of the data belonging to persons with
dementiaand their caregivers. Dementiacaregiverswere defined
as persons who provided unpaid care or assistance to a family,
relative, friend, or anyone living with Alzheimer dementia, any
other type of dementia, or dementia-related conditions
(confusion or forgetfulness). Among the 1768 informal
caregiversin the dataset, 450 eligible caregivers were included
in this study after excluding those caring for persons younger
than 18 years (n=173), anyone with incompl ete data regarding
their carerecipients’ dementiacondition (n=7), and nondementia
caregivers (n=1138) (See Figure 1).

———————>

Excluded (n=5038)
. Being identified as noncaregivers

Assessed for eligibility
(n=1768)

m———————>

Y

Total informal adult

Excluded

- Having missing data about care-
recipients’ dementia condition (n=7)
- Being those caring for child care
recipients(n=73)

caregivers

(n=1588)

——————>

Excluded (n=1138)

: Being those caring for adult care
recipients with nondementia
conditions

M easures

Baseline I nformation on Dementia Care Recipientsand
Their Caregivers

Both persons with dementia and their caregiver's
sociodemographic information were collected: age, gender,
race/ethnicity, education level, residence area, and income, as
well as the relationship between persons with dementia and
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their caregivers. Ages were a continuous variable, whereas all
otherswere categorical variables. References (coded as0) were
those who were male, non-Hispanic white, had less than
college-level education, rural residents, nonfamily or
nonrelatives, and a household income of less than US $30,000
per year.
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Caregiving-Related | nformation

Dementia caregivers self-reported the number of hours of
caregiving per week, the duration of caregiving in years, and
subjective responses of caregiving stress. The number of hours
spent on caregiving tasks indicated how many hours they
devoted to caregiving per week (range 1-168): 1 indicated they
spent 1 hour or less per week and 168 indicated they engaged
in full-time caregiving work. The duration of the caregiving
indicated how long they had been performing the caregiver role.
Here, 1 indicated that at the time of the survey they had either
spent 1 year or lessasacaregiver or that they only occasionally
provided caregiving on an on-and-off basis. Higher values
represented the approximate number of years they had been
providing care.

Objective caregiving stressors were primarily based on a
functional dependency of persons with dementia in terms of
activities of daily living (ADLSs) and instrumental activities of
daily living (IADLS). Here, the ADLs consisted of 6 activities:
transferring, dressing, toileting, bathing, feeding, and handling
incontinence or diapers (range 0-6) [26]. The IADLs were
selected based on Lawton and Brody's scale (range 0-6) [27]
and included 6 activities: managing medications, managing
finances, shopping, doing housework including laundry,
preparing meals, and transportation. Higher scores indicated
that persons with dementia were more dependent on caregivers
intheir daily living and for instrumental functions. In this study
sample, Cronbach alpha of ADLswas .82 and the IADLs was
.70. Subjective responses of caregiving stress were evaluated
in terms of physical strain, emotional stress, and financial
hardship. Each item was scored on a 5-point Likert scale, with
higher scoresindicating more physical strain, emotional stress,
and financial hardship experienced. Moderate correl ationswere
observed across the 3 items.

Health-Related | nternet Use

The main focus of interest for this study was health-related
Internet use, measured by self-reports of the frequency of
Internet use for hedth-related purposes. Frequency of
health-related I nternet use was measured by asking the question,
“How often, if at al, have you gone to Internet websites in the
past year to find information and resources in any way related
to being a caregiver for your care recipient? Often, sometimes,
rarely, or never?’ [16] This study used a consistent definition
of health-related Internet use, which has been used in previous
studies to compare prevalence [16,17]. Non-health-related
Internet users were defined as those who never used
Internet-based resources for health and caregiving purposes.
All others were defined as health-related Internet users.

Procedures

The data acquisition and use was approved by the NAC and
AARP. All data provided were deidentified to follow Health
I nsurance Portability and Accountability Act privacy rules. The
University of Virginia's Institutional Review Board for Social
and Behavioral Sciences reviewed this project and confirmed
the exempt status. Data analyses included both preliminary
analyses (reliability tests, intercorrelation analyses, an
exploratory factor analyses, and rel evant statistical assumptions
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checks) and main analyses (descriptive analyses and a
hierarchical binary logistic regression analysis). A total of 13
cases were dropped from the main analysis based on listwise
deletion across all independent and dependent variables. This
represented only 2.9% of the sample; thus, no data imputation
was conducted [28].

Before the descriptive and regression analysis, all statistical
assumptions were checked including univariate/multivariate
normality, linearity, and multicollinearity. To correct for
univariate normality, the variable of age of persons with
dementia, number of hoursfor caregiving, and financial hardship
was transformed using a log;o function. For multivariate
normality, 2 outliers were identified based on the Mahalanobis
distance function. When comparing results from a model with
2 outliers to those from the model without the outliers, there

were no differencesin R?, coefficients, F statistics, or P values,
although the values of the M ahalanobi s distance were corrected.
To glean the maximum information from the available samples,
the final results were reported from the model that did not
exclude those 2 outliers. The final sample size (N=437) in the
main analysiswas sufficient for conducting multipleregression
with 16 independent variables because the suggested sample
size was 160-320 [28-30].

Statistical Analysis

To answer the first and second research questions, percentage
responding weighted frequency and means (SD) were reported
aswell asresultsof univariate descriptive statistics (independent
t tests, Mann-Whitney U tests, or chi-square tests) to compare
health-related I nternet usersto non-health-related Internet users
in the dementia caregivers. To answer the third research
question, a hierarchical binary logistic regression analysis was
completed to identify factors of the health-related Internet user
group (O=non-hedth-related Internet users; 1=heath-related
Internet users). Based on the stress process model [13], 16
independent variables were entered into the regression model.
Block 1 included age and gender of persons with dementia,
whereas Block 2 included sociodemographics of caregivers,
including age, gender, education level, income, race and
ethnicity, resident care, and relationship to persons with
dementia. Separately, functional dependency intermsof ADLs
and IADLswasincluded in Block 3 and caregiving history was
included in Block 4. Subjective responses of caregiving stress
wereincluded in Block 5. SPSS 20.0 (IBM Corp, Armonk, NY,
USA) was used for data analyses. The significance-level
criterion for all statistical testswas apha=.05, 2-tailed. Toinfer
generalizable findings, the study applied a composite score for
the population weight, which was calculated based on age,
gender, and race/ethnicity, and the results compared to the 2008
population estimates rel eased by the Popul ation Division of the
US Census Bureau on May 14, 2009 [24].

Results

Sample Characteristicsof PersonsWith Dementiaand
Their Caregivers

The mean age of persons with dementia was 78.37 years (SD
14.13) and the magjority were women (69.1%, 309/447). They
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had moderate levels of functional impairments of ADLs and
IADLs (mean 2.21, SD 2.01 and mean 4.21, SD 1.71,
respectively). The mean age of their caregiverswas 50.30 years
(SD 14.98). The majority of them were women (62.0%,
277/447), non-Hispanic whites (71.6%, 320/450), and children
or grandchildren of persons with dementia (74.9%, 335/447).
Caregivers were educated at the level of high school or less
(53.5%, 240/449) and had overall household incomes greater
than US $30,000 per year (70.3%, 314/447). Theresidence areas
of the caregivers were evenly distributed (urban: 29.3%,
131/447; suburban: 37.8%, 169/447; rural: 30.7%, 137/447).
Caregivers spent amean 29.96 (SD 46.93) hours per week for
amean of 5.22 (SD 7.96) years performing therole of caregiver
for the person with dementia.

Comparison of Health-Related and
Non—Health-Related Internet Users

Approximately 59% (265/450, 58.9%) of dementia caregivers
were identified as health-related Internet users. Several of the
caregiver’'s characteristics were statistically different between
health-related Internet users and non-heath-related Internet
users. Health-related Internet userswere younger (P=.01), were
more educated (P<.001), had ahigher level of household income
(P<.001), and spent fewer hours per week caregiving (P=.004).
Health-related Internet users were more likely to be a child or
grandchild of persons with dementia (78.4%, 207/265) rather
than their spouse (3.4%, 9/265) compared to non—health-related
Internet users (child or grandchild: 70.0%, 128/185; spouses:
10.9%, 20/185; P=.02). However, the sociodemographic
characteristics of persons with dementia were not statistically
different whether their caregivers were health-related Internet
users or not (Table 1).

Overall Model of aHierarchical Binary Logistic
Regression

Theresultsof the hierarchical binary logistic regression analysis
are shown in Table 2. The overall model explained 23.9% of
the variance to predict who health-related Internet users were.
The group classifications predicted 80.3% of the health-related
Internet user group and 55.4% of the non-health-related I nternet
user group (Tables 2 and 3).

In Block 1, the age and gender of persons with dementia

explained 1.3% of the variance (Nagelkerke R?=.013; x%=3.7;

P=.15). Both the age and gender of personswith dementiawere
not sSignificant factors. After adding caregiver's
sociodemographic factors into Block 2, the overall model
became significant because Block 2 added 16.9% of the

explained variance (Nagelkerke R°=.182; x%,5=54.4; P<.001).
Caregiver's age (Wald x%,=4.5; P=.03; OR 0.980, 95% ClI
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0.963-0.998) and education levels (Wald x%,=25.8; P<.001; OR
3.523, 95% CI 2.168-5.726) were significant factors. Block 3
including ADLs and IADLs did not significantly increase
explained variance (Nagelkerke RP=.003; Xx?,=0.8; P=.67).
However, overall model and predictive values of caregiver's
age and education levels still remained significant (P<.05 for
all). Block 4 included the number of hours and duration of
caregiving yearswhich did not significantly increase explained
variance (Nagelkerke R?=.016; X%,=5.1; P=.08). However, the
overall model including Blocks 1 to 4 till remained significant
(Nagelkerke R?=.201; x?,45=60.3; P<.001). Therewere noticesble
changes in individual factors. Caregiver's age became an
insignificant factor (Wald x?,=2.5; P=.11). After controlling
for sociodemographics of persons with dementia and their
caregivers, IADLs became a significant factor (Wald x21=4.0;
P=.045; OR 1.201, 95% CI 1.004-1.436). After controlling for
functional dependency of persons with dementia and all
sociodemographics, the number of hours for caregiving was a
significant factor (Wald x2,=4.8; P=.03; OR 0.519, 95% Cl
0.288-0.933). However, caregiver’'s education levels remained
afactor with similar predictive strength (Wald x%,=25.1; P<.001;
OR 3.536, 95% Cl 2.158-5.794).

Thefina model including Blocks 1 to 5 significantly explained
23.9% of the variance (Nagelkerke R?=.239; x%,=73.0; P<.001)
with Block 5'ssignificant increase of 2.0% of explained variance
(x%=12.7; P=.01). Caregiver's age dtll remained an
insignificant factor (Wald x%,=3.4; P=.07). However, caregiver's
education levels remained a factor with similar predictive
strength (Wald x?,=21.9; P<.001; OR 3.348, 95% Cl 2.0-5.552).

After controlling for sociodemographics of persons with
dementia and their caregivers, IADLs became an insignificant

factor (Wald x?,=3.2; P=.07; OR 1.183, 95% CI 0.985-1.420).
After controlling for functional dependency of persons with
dementiaand all sociodemographic factors, the number of hours
for caregiving remained a significant factor, but decreasing in
strength of prediction (Wald x,=6.3; P=.01; OR 0.452, 95%
Cl 0.243-0.840). Newly emerging significant factors were
identified. Age of persons with dementia was shown as a
significant factor (Wald x2,=4.5; P=.03; OR 0.278, 95% Cl
0.085-0.906). Caregiver's emotional stress (Wald x%=4.0;
P=.046; OR 1.249, 95% Cl 1.004-1.555) and caregiver's
financial hardship (Wald x?,=6.4; P=.01; OR 4.606, 95% Cl
1.416-14.978) were significant factors after controlling for
sociodemographics, caregiving history, and functional
dependency of persons with dementia.
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Table 1. Sociodemographic and caregiving-related characteristics of persons with dementia and their caregivers.

Variables All Hedlth-related Inter- Non-health-related P
N=450 net users Internet users
(n=265) (n=185)

Description of personswith dementia 2

Age (years), mean (SD)b 78.37 (14.1) 79.38 (12.8) 76.90 (15.8) .07
Impairment of ADLs, mean (SD)° 2.21(2.0) 214 (2.1) 2.32(1.9) .36
Impairment of IADLs, mean (SD)¢ 4.21(1.7) 4.22(1.7) 4.18 (1.8) .80
Gender (female), n (%)% 309 (69.1) 180 (68.2) 129 (70.5) .60

Description of their caregivers

Age (years), mean (SD)° 50.30 (15.0) 48.67 (13.3) 52.62 (16.8) .009
Number of hours for caregiving (per week), mean (SD)° 29.96 (46.9) 26.10 (44.3) 35.57 (50.1) .004
Duration of caregiving (years), mean (SD)b 5.22 (8.0) 4.65 (6.6) 6.05 (9.6) .35
Gender (female), n (%)d 277 (62.0) 156 (58.9) 121 (66.1) A2
Race, n (%) d .28
Non-Hispanic white 320 (71.6) 195 (73.9) 125 (68.3)
Non-Hispanic African American 49 (11.0) 24 (9.1) 25(13.7)
Hispanic 53 (11.9) 27(10.2) 26 (14.2)
Non-Hispanic Asian 12 (2.7) 7(2.7) 5(2.7)
Missing data 16 (2.8) 12 (4.1) 4(11)
Education levels, n (%) d <.001
High school or less 240 (53.5) 109 (40.9) 131 (71.6)
Some college or higher 208 (46.5) 156 (59.1) 52 (28.4)
Residence area, n (%) d .05
Urban 131 (29.3) 82 (31.1) 49 (26.8)
Suburban 169 (37.8) 108 (40.9) 61 (33.3)
Rural 137 (30.7) 70 (26.5) 67 (36.6)
Missing data 13(2.2) 5(15) 8(3.3)
Income (US $), n (%) d <.001
<$30,000/year 94 (21.0) 39(14.8) 55 (30.1)
>$30,000/year 314 (70.3) 201 (76.1) 113 (61.8)
Missing data 42 (8.7) 25(9.1) 17 (8.1)
Relationship to person with dementia, n (%) d .02
Spouse 29 (6.5) 9(3.4) 20 (10.9)
Parent 15 (3.4) 727 8(4.3)
Child or grandchild 335(74.9) 207 (78.4) 128 (70.0)
Other type of relative 38(8.5) 22 (8.3) 16 (8.6)
Friend/nonrel ative/neighbor 29 (6.5) 18(6.8) 11 (6.0)
Missing data 4(0.2) 2(0.4) 2(0.2)

Subj ective responses of caregiving stress

Physical strain, mean (SD)° 242 (1.4) 236 (1.3) 2.51(1.5) 27
Emotional stress, mean (SD)° 3.13(1.3) 3.20(1.3) 3.03(1.3) 19
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Variables All Hedlth-related Inter- Non-heath-related P
N=450 net users Internet users
(n=265) (n=185)
Financial hardship, mean (SD)b 2.05(1.3) 2.08 (1.3) 2.01(1.3) 51

8 ADL =activities of daily living; IADL=instrumental activities of daily living.
b Tested by Mann-Whitney U tests.

€ Tested by independent t test.

9 Tested by chi-square test.

Table 2. Final model of ahierarchical binary logistic regression analysis to predict health-related Internet users.

Factors B (SE) wady?(df) P OR (95% CI)
Block 1: Demographics of personswith dementia
Constant 1.461 (1.320) 12(1) 27 4.309
Age? -1.279 (0.602) 45 (1) .03 0.278 (0.085-0.906)
Female gender” 0.102 (0.276) 0.1 (1) 71 1.108 (0.646-1.901)
Block 2: Sociodemographics of caregivers
Age -0.019 (0.010) 37(1) 07 0.981 (0.962-1.001)
Female gender” -0.365 (0.250) 2.1(1) 15 0.694 (0.425-1.134)
Education levels® 1.208 (0.258) 21.9(1) <001  3.348(2.019-5.552)
Household income® 0.593 (0.318) 35(1) .06 1.809 (0.969-3.377)
Race and ethnicity 0.6 (3) .89
Resident area 172 A2
Relationship to dementia persons 28(4) .59

Block 3: Functional dependency
ADLs -0.010 (0.070) 0.02 (1) .88 0.990 (0.862-1.136)
IADLs 0.168 (0.093) 32(1) 07 1.183 (0.985-1.420)
Block 4: Caregiving history
Number of hours for caregiving® —0.795 (0.317) 6.3(1) .01 0.452 (0.243-0.840)
Duration of caregiving —0.023 (0.020) 1.2(1) .27 0.978 (0.939-1.017)

Block 5: Subjective responses of caregiving stress

Physical strain -0.100 (0.117) 0.7 (1) 39 0.905 (0.719-1.138)
Emotional stress 0.222 (0.112) 4.0 (1) .05 1.249 (1.004-1.555)
Financial hardship® 1.527 (0.602) 6.4 (1) 01 4,606 (1.416-14.978)

aTransformed using alog function.

b Reference: male.

¢ Reference: those educated at the level of high school or less.

9 Reference: those who had household incomes less than US $30,000 per year.
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Table 3. Odds ratio changes of significant factors.

Kim

Block 1
OR P

Factors
OR

Block 1 and 2

Block 1to 5
OR P

Block 1to 3
P OR P

Block 1to 4
OR P

Constant 4.84 A3 477

Block 1: Demographicsof per sonswith demen-
tia
Age?
Female genderb
Block 2: Sociodemographics of caregivers
Age — 0.98
Female genderb —

Education levels® — 352

Household incomed —

Race and ethnicity —
Resident area —
Relationship with dementia persons —
Block 3: Functional dependency
ADLs — —
IADLs — —
Block 4: Caregiving history
Number of hours for caregiving® — —
Duration of caregiving — —

Block 5: Subjective responses of caregiving
stress

Physical strain — —
Emotional stress — —

Financia hardship? — —

.20 4.80 21 3.07 .38 431 27

028 .03

A7 098 .02 0.99 A3 098 .07

<.001 354 <001 354 <001 335 <.001

1.20 .04 118 .07

— 0.52 .03 0.45 .01

1.25 .04

4.61 .01

8Transformed using alogsg function.
b Reference: male.
€ Reference: those educated at the level of high school or less.

9 Reference: those who had household incomes less than US $30,000 per year.

Discussion

Principal Results

This study examined the sociodemographic and caregiving
characteristics of health-related Internet users among dementia
caregivers. In this study, using 2009 NAC and AARP survey
data, 59.1% of dementia caregivers were identified as
health-related Internet users. Caregiver’'sage, levelsof education
and income, hours spent caregiving each week, and relationship
to personswith dementiawere univariate factors discriminating
the health-related Internet use group from non-health-related
users. After controlling for confounding effects, age and
dependency of IADLs of persons with dementia, caregiver's
emotional stress, and caregiver’sfinancial hardship were newly
emerging factors of health-related Internet use. Caregiver's
sociodemographics and their subjective responses of caregiving

http://www.i-jmr.org/2015/1/el/

stresswere the most significant factorsto identify health-related
Internet users followed by workload assisting in IADLs of
persons with dementia [31].

Comparison With Prior Work

In al, 59% of the prevalence of health-related Internet use is
lower than that of the general public (80% in the 2010 Pew
Internet & American Life Project) [21], but similar to those
found in other types of caregivers (eg, 42%-60% for cancer
caregivers) [17]. Compared to findings reported in the recent
Pew Internet Health Tracking Survey (2012), our dementia
caregiving participants reported amuch higher rate (59%) than
39% reported by general caregivers of an adult or child with
significant health issues [32]. This finding suggests that using
the Internet has become more prevalent and significant behavior
seeking for health-related resources among caregivers in the
United States. This intensity seems to result from (1) the huge
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growth in availability and the widespread adoption of the
Internet and relevant technologies [33], (2) health care
consumers strong motivation, (3) their positive perceptions
regarding I nternet-based resources [34], and (4) the promising
benefits of Internet-based approaches (ie, convenience and
confidentiality) [34]. Thus, the Internet has been acknowledged
as a promising modality for implementing interventions or
distributing caregiving resources.

Caregiver’'s sociodemographic characteristics are strong factors
in determining their behavior regarding health-related Internet
use, including age, education levels, income, and their
relationship to personswith dementia. Similar to previous study
findings, the predictive values of age and education levelswere
confirmed in this study. Younger and more highly educated
caregiversreported they used | nternet-based resourcesfor better
health and caregiving purposes similar to the same findingsin
the general population or of cancer caregivers [17,33-36].
Interestingly, those who had a minimum of college-level
education were 3.35 times more likely to be health-related
Internet users than those who were educated at the level of high
school or less. Age and educationa attainment were the most
significant factors for eHealth literacy [37,38]. In addition,
younger generations were generally considered to be more
technology-friendly and more prepared to use Internet-based
resources compared to their older counterparts. Additionally, a
higher education level may be associated with either a higher
level of knowledge of health-related resources or better
computer skills[15,38].

Higher levels of both household income and self-reported
financial hardship were associated with a greater likelihood of
being health-related Internet users. Initialy, those 2 findings
may appear to conflict with one other because a basic
assumption is that a person with higher income would
experience a lower level of self-reported financial hardship.
However, this inconsistency has been reported in previous
research; as with the study findings, individuals with higher
levelsof income usethe Internet more [33,35]. Individualswith
higher household incomes are more likely to own computers
and handheld mobile devices and spend more time using the
Internet in their daily life than their lower-income counterparts
[33,37]. However, another study has described the opposite
association between income and health-related Internet use. A
study of national surveysreported that those with lower incomes
were also more likely to participate in online support groups
than those with higher incomes [36]. Interestingly, this study
found the unique impact of the subjective response of financial
hardship after controlling for income levels. One possible
explanation is that individuals with higher incomes may have
diverse meansto reducetheir stresslevels. However, those who
are experiencing financia hardship have limited use of
traditional face-to-face resources for stress reduction and they
try to find alternatives through the Internet [33].

Spousal caregiverswere significantly lesslikely to use available
services, which is consistent with previous reports [14]. This
reluctance by spousal caregivers seems to originate from
emotional barriers: spouses tend to perform the caregiving role
without external help because using resources may be considered
as betraying the spousal relationship [14]. However, the
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significant impact of their relationship seemsto result from the
confounding effect of their age. After controlling for their age,
the predictive valueis no longer significant in this study sample.
Additionally, children of personswith dementiawould naturally
be considerably younger than their parent and, thus, likely to
be more technol ogy-prepared [39].

One of the salient findings of this study was that the higher the
emotional stress experienced by dementia caregivers, the more
health-related Internet use they reported. When they reported
very much emotional stress (score 5) on a 5-point Likert-type
scale, they were 3.05 times more likely to be health-related
Internet users than those who reported no emotional stress (score
1). This tendency was found in a previous study that applied
gualitative methods to the online postings of dementia
caregivers. The emotional concern and seeking psychosocial
support represents the second-commonest theme for dementia
caregiversafter behavior of seeking information [20]. Caregiver
stress has been shown as a need variable that facilitates their
use of resources [40], especidly in dementia caregivers
[6,15,40]. Dementia caregivers with higher levels of emotional
and psychological stress are more likely to use the traditional
face-to-face resources of health and human services [15]. The
stress-appraisal theory [41] and the stress process model [13]
explain that there is a positive relationship between recognized
stresslevelsand effortsto alleviate stress. In addition, asystemic
review of networked technologies in dementia caregiver stated
apotential impact of ITC intervention on caregiver stress [42].
Thus, health-related Internet use may be considered a coping
strategy for caregiversto relieve their subjective stress or burden
[41] and amediator to modul ate the impact of caregiving stress
on negative outcomes [13].

The predictive value of functional dependency of IADLsappears
after controlling for sociodemographic impact. When caregivers
are taking care of totally dependent persons with dementia
(IADLs score=6), they were 2.99 times less likely to be
health-related Internet users than those taking care of totally
independent personswith dementia (1AL Ds score=0). However,
when adding the number of hoursfor caregiving, the predictive
value of IADLSs dependency became insignificant. The fewer
hours caregivers spent caregiving, the more likely they wereto
be health-related Internet users. For those caring for cancer
survivors, having fewer direct caring responsihbilities increases
the likelihood of health-related Internet use [17]. When
caregivers spent longer times providing direct caregiving tasks,
they did not have the time or energy to search for information
and seek support viathe Internet. Respite care may be especially
beneficial to caregivers because it may free up the time they
need to access the Internet for health-related purposes. Thus,
this finding may suggest more appropriate ways to apply
interventions designed for providing physical assistance and,
thereby, reducing the workload of dementia caregivers.

Study Limitationsand Directionsfor FutureResearch

This study had severa limitations: (1) limited inference of
causality due to the cross-sectional design, (2) limited
generalizability due to the use of a convenience sampling
method, (3) possible responder bias in the self-reported data,
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and (4) difficulties in controlling data quality as a secondary
data analysis.

Conceptually, dichotomous grouping (health-related Internet
users vs non-health-related Internet users) has limitations in
explaining their complex behavior of seeking resources for
caregiving. Using current data, the multiple grouping depending
on intensity of use (eg, high vs moderate vs nonuser groups)
and multinomial logistic regression may show a more detailed
description in this sample. Moreover, data collected in 2009
limitedly reflect current trends in the scientific community or
daily practice because Internet research is 1 of the most rapidly
changing in the field.

Future up-to-date studies would greatly benefit from the use of
alongitudinal design that utilizes other multiple measurements
of health-related Internet use or caregiver stress. Because the
variablestested in this study are predisposing and need variables
tofacilitate health care service use[14], theinclusion of enabling
variables related to health service utilization should provide a
contextually better in-depth understanding to shed new light on
the complex picture of health-related Internet use in this
population. To define the medical condition of dementia using

Kim

International Classification of Diseases codes will be more
accurate than caregiver-reported condition.

Conclusions

The Internet has become a significant resource for dementia
caregivers for health-related purposes. This research adds to
our knowledge of the prevalence and factors of health-related
Internet use by dementia caregivers. Subjective responses of
caregiving stress are a need factor leading to increased I nternet
usefor health and caregiving purposes. Significant demographic
factors provide helpful information to identify those who are
lesslikely to use Internet-based resources. The lowest utilization
is detected in those who were older, a spouse, less educated,
with lower incomes, and devoting longer times to caregiving.
Thus, thisstudy helps usidentify underserved groupsregarding
virtual health care resources. Clinica researchers should
consider our findings to develop tailored interventions and
effective care delivery approaches targeting the virtualy
underserved caregiving population. Additionally, the study
findings may assist policy makers seeking to distribute
information, resources, and services via the Internet to help
dementia caregivers and their care recipients with dementia.
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Abstract

Background: An easily accessible real-time Web-based utility to assess patient risks of future emergency department (ED)
visits can help the health care provider guide the alocation of resources to better manage higher-risk patient populations and
thereby reduce unnecessary use of EDs.

Objective: Our main objective was to devel op a Health Information Exchange-based, next 6-month ED risk surveillance system
in the state of Maine.

Methods: Dataon electronic medical record (EMR) encountersintegrated by HealthinfoNet (HIN), Maine’'s Health Information
Exchange, were used to develop the Web-based surveillance system for a population ED future 6-month risk prediction. To
model, a retrospective cohort of 829,641 patients with comprehensive clinical histories from January 1 to December 31, 2012
was used for training and then tested with a prospective cohort of 875,979 patients from July 1, 2012, to June 30, 2013.

Results: The multivariate statistical analysis identified 101 variables predictive of future defined 6-month risk of ED visit: 4
age groups, history of 8 different encounter types, history of 17 primary and 8 secondary diagnoses, 8 specific chronic diseases,
28 laboratory test results, history of 3 radiographic tests, and history of 25 outpatient prescription medications. The c-statistics
for the retrospective and prospective cohorts were 0.739 and 0.732 respectively. Integration of our method into the HIN secure
statewide data system in real time prospectively validated its performance. Cluster analysisin both the retrospective and prospective
analyses revealed discrete subpopulations of high-risk patients, grouped around multiple “anchoring” demographics and chronic
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conditions. With the Web-based population risk-monitoring enterprise dashboards, the effectiveness of the active case finding
algorithm has been validated by clinicians and caregiversin Maine.

Conclusions: The active case finding model and associated real-time Web-based app were designed to track the evolving nature
of total population risk, in a longitudinal manner, for ED visits across all payers, all diseases, and al age groups. Therefore,
providers can implement targeted care management strategies to the patient subgroups with similar patterns of clinical histories,
driving the delivery of more efficient and effective health care interventions. To the best of our knowledge, this prospectively
validated EM R-based, Web-based tool isthefirst oneto allow real-time total population risk assessment for statewide ED visits.

(Interact J Med Res 2015;4(1):€2) doi:10.2196/ijmr.4022

KEYWORDS
ED; machine learning; HIE; EMR; modeling

Introduction

The use of emergency department (ED) servicesin the United
Statesis growing at an alarming rate [1-3]. Between 2001 and
2008, the annua number of ED visitsin the United States grew
at roughly twice the rate of population growth [4]. Recent
experience from Oregon’s Health Insurance Experiment suggests
that increasing patient access to Medicaid without an
accompanying strategy to manage the overall insured population
may result in asubstantial surgein ED utilization [5], including
visits for conditions that may be most readily treatable in
primary care settings. Presuming alarge proportion of ED visits
are preventable, attention has turned toward strategies to treat
patients in less expensive outpatient care settings, and payers
are beginning to deny payment for non-urgent ED visits[6].

Improving appropriate use of emergency servicesisan important
strategy for improving health outcomes and controlling health
careexpenditures[7]. With theincreased adoption of electronic
medical record (EMR) systems and the devel opment of health
information exchanges (HIE) in the United States, health care
organizations have better and more comprehensive access to
patients comprehensive medical histories. Greater use of
advanced anal ytic computing methodson EMR datasetshasled
to the devel opment of several active case finding algorithms to
assess patient risk. Early effortsincluded risk prediction models
for hospital readmission [8] and repeated ED visitsfor patients
with distinct patterns [9-11]. Most risk development studies
focused on patients within specific payer groups, for example,
Medicare, within specific age, and/or within specific disease
groups [12,13].

We previously developed predictive analytics of patient risk of
a 30-day return to the emergency department [14]. The 30-day
ED revisit risk is intended for hospital emergency room and
quality management staff toimmediately plan for post-discharge

http://www.i-jmr.org/2015/1/e2/

care while the patient is in the emergency room, or shortly
thereafter. This particular risk is triggered by the event of an
emergency room visit, and therefore is a very small subset of
the whole population, that is, only those patients with at |east
one emergency room visit are covered. Second, emergency
room revisit rates are a quality measure used to assess hospital
performance.

In this paper, we describe our findings for the ED visit risk
modeling for the statewide population at large, whether or not
they have had a previous emergency room visit. Thisisthefirst
effort to model total population ED risk across al payers, all
diseases, and all age groups. Our efforts include the statistical
learnings from all Maine HIE patient data contained in the
statewide HIE of longitudinal patterns to identify risk factors
that strongly influence the probability of afuture 6-month ED
visit.

Although thetwo metrics (i€, risks of the 30-day ED revisit [14]
and the future 6-month ED visit), have similaritiesin regard to
ED visit risk, these are two distinct risks for two distinct
purposes (Figure 1). We studied both to understand differences
and similarities between them. The population 6-month ED visit
risk is intended for the care team responsible for population
health management in accountable care organizations (ACOs)
and providers with capitated risk contracts.

We hypothesized that real-time assessment of population ED
risk to track and trend risk over time can allow health managers
to continuously assess and intervene on both high-risk and
rising-risk patients. To empower the visualization and
exploration of the total population risks of over one million
patients in the state of Maine, Web-based apps were designed,
aiming to connect in real-time, aggregate, and centrally integrate
data, and to compute future 6-month ED risks for population
health management.

Interact JMed Res 2015 | vol. 4 | iss. 1| €2 | p.40
(page number not for citation purposes)


http://dx.doi.org/10.2196/ijmr.4022
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Huetd

Figure 1. Integrating predictive analytics into workflows of proactive population health management and hospital quality improvement; emergency
department (ED) visit risk determination and proactive interventions guided by ED visit risk or ED readmission risk measures.
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Ethics Statements

This work was done under a business/product devel opment
arrangement between HealthinfoNet (HIN) and HBI Solutions,
Inc., and the data use was governed by a business agreement
between HIN and HBI. No patient heath information was
released for the purpose of research and no patient consent was
required. We completed the system development that was the
foundation for our agreement and then reported on the findings
resulting from applying this model to the real-time Web-based
services that HIN is now deploying in the field. Because this
study analyzed de-identified datato develop the ED risk model,
the Stanford University Institutional Board considered it exempt
(October 16, 2014).

Population

The objective was to study total population risk for ED visits
across al payers, al diseases, and all age groups. Patients
visiting any HIN-connected facility from January 1, 2012
through December 31, 2013 were eligible for study. Patients
who died, asidentified through an encounter disposition code,
were excluded during the study time frame of 2012 and 2013.
ED visits transferred from another ED were excluded as these
were treated as one ED visit, and not multiple.

Data Acquisition and Mar shalling

We constructed an enterprise data warehouse consisting of all
of Maine’'s HIE aggregated patient histories. Incorporated data
elements from EMR encounters included patient demographic
information, laboratory tests and results, radiographic
procedures, medication prescriptions, diagnosis, and procedures,
which were coded according to the International Classification
of Diseases, 9th Revision, Clinical Madification (ICD-9-CM).
Census data from the US Department of Commerce Census
Bureau were integrated into our data warehouse. Therefore, in
addition to the HIN features, we categorized patients by
socioeconomic status using residence zip codes as an
approximation to the average household mean and median
family income and average degree of educational attainment.

http://www.i-jmr.org/2015/1/e2/

episode level relational database tables. We processed the
database at patient level based on medical record number for
population analysis within 36 facilitiesin Maine. A pivot table
was developed from our enterprise data warehouse, which
aggregated and integrated normalized clinical features
(n=33,403) of different data categories, for example, primary
diagnosis/procedure, secondary diagnosi §/procedure, laboratory
test result, radiology result, and outpatient prescription, from
different relational EMR databases. For qualitative and
categorical parameters, dummy variables were created serving
as numerical representations of the categories of nomina or
ordinal variables. To efficiently eliminate the least representative
features, we exploited the data variance asthe simplest criterion
[15], which essentially projected the data points along the
dimensions of maximum variances. One potential limitation
was that variance alone does not account for parameters that
had a small dynamic range. However, as an initia filter, this
method effectively eliminated “low information content”
features to deliver a manageable feature set, alowing the
subsequent machine learning step to identify discriminant
features. Asaresult, a set of patient clinical historical features
inthe prior 12 monthswas compiled (Multimedia Appendix 1).
One of the key features was whether the patient had a chronic
medical condition. This feature was defined using the Agency
for Hedthcare Research and Quality Chronic Condition
Indicator [16], which provides an effective way to categorize
|CD-9-CM diagnosis codes into one of two categories: chronic
and non-chronic.

Outcome Time Framefor Risk Analysis

A “time-to-event” curve of ED visits (Multimedia Appendix 2)
was developed to determine whether 6-month ED visit
assessment was clinically reasonable. Morethan 80% of patients
with more than one ED visit history would seek ED services
within the future 6-month time frame. Therefore, future
6-months was a clinically appropriate cutoff. This wasin line
with clinical and field caregiver judgments.
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DataMining Overview: Retrospective and Prospective
Analyses

The basic principle of our model was using information of 1
patient in the prior 1 year to predict if this patient would have
any ED visit in the next 6 months. The statistical learning to
forecast future 6-month ED visit risk consisted of two phases:
retrospective modeling and prospective validation (Figure 2).
A retrospective cohort of 829,641 patients (Multimedia
Appendix 3) who had historical encounter records from January
1 to December 31, 2012, was assembled for the development
of the ED risk model to predict if those patients would have ED
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visits in the next 6 months (January 1 to June 30, 2013). This
model was later validated with a prospective cohort of 875,979
patients (Multimedia A ppendix 3) who had historical encounter
records from July 1, 2012, to June 30, 2013 to predict if these
patients would have ED visits in the next 6 months (July 1 to
December 31, 2013). Both cohorts of patients had
comprehensive clinical histories allowing the determination of
future 6-month ED visit risk. Patients in the retrospective and
prospective cohorts were similar in age, gender, income, and
education, as well as incidence of future 6-month ED visits
(retrospective: 11.48%, 95,241/829,641; prospective: 11.37%,
99,558/875,979) (see Multimedia Appendix 4).

Figure 2. Study design to develop the active case finding algorithm to predict future 6-month emergency department visit risks.
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Retrospective Analysis Summary

The goa of this study was to develop an active case finding
algorithm with astatewide future 6-month ED visit risk measure.
The measure comprised a single summary score, derived from
theresultsof a“forest” of the most discriminative decision trees
upon 1 year of the encounter history. The measure calculated
each subject’s probability of a future 6-month ED visit. The
retrospective modeling phase consisted of three steps: (1)
training, (2) calibrating, and (3) blind testing. We applied a
selective cohort division process while trying to result in a
random cohort. The samples in the retrospective cohort were
divided into six subgroups based on histories of chronic diseases,
historical ED visits, and current primary diagnoses (Multimedia
Appendix 3). Then, in each subgroup, the case (future 6-month
ED visit counts > 0) and control (future 6-month ED visit
count=0) sampleswere randomly partitioned into three cohorts
(Cohort I: training cohort, Cohort 11: calibrating cohort, Cohort
[11: blind testing cohort), with the consideration that the past
12-month ED histories of encounters and principle clinical
features (chronic diseases and current primary diagnoses)
achieved a balance between the cohorts. Therefore, it was hard
to achieve acomplete balance such that total samplesin training,
calibrating, and blind testing cohorts had the exact same number.
Within each subgroup sharing balanced numbers of chronic

http://www.i-jmr.org/2015/1/e2/
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histories, ED visits, and current primary diagnoses, the patient
numbersin training, calibrating, and blind testing cohorts were
close.

Decision Tree-Based Modeling

A “survival forest” of forecasting decision treeswas devel oped
using the prior year clinical history and was ranked according
to the corresponding posterior probability. To introduce the
prior knowledge, we grouped the clinical features into two
groups: empirical features found by exploratory data analysis
and the learned features discovered during the model training.
Our exploratory analysis (Multimedia Appendix 5) of the
retrospective cohort showed that the percentage of patientswith
future 6-month ED visits increased as a function of either
historic ED visit counts or the presence of chronic disease
diagnoses; therefore, these two featureswere strongly associated
with patients’ risk for future 6-month ED visits. Using empirical
features of whether patients had historic ED visit or a chronic
diseasediagnosisintheprior year, webuilt adecision tree. This
deterministic tree partitioned the Cohort | samples into four
subgroups. Within each subgroup, learned features were
discovered through the feature selection processto develop the
correspondent learning model for the targeted subgroup.
Survival tree analysis was applied to learning model processto
predict ED visit day after predicted time. Technical details of
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the model training process [14,17,18] are presented in
Multimedia Appendix 6.

Risk Scoring Metric Development

Cohort 11 was used to calibrate the predictive scoring threshold
to create a risk measure for each individual sample. Applying
the model developed with Cohort | to each sample in Cohort
I1, the derived predictive scores were ranked. After this, we
applied a mathematic function mapping predictive values
(PPVs).

Our active case finding algorithm was set to segregate the
population into subgroupswith different level s of future 6-month
ED risks. The risk measure was defined as an index between 0
and 100 so that the people with measures larger than or equal
to arisk index L had a probability of L% to have an ED visitin
the next 6 months. Here, the mapped PPV was defined as the
individual’s risk measure for the future 6-month ED visit.

We obtained two thresholds, T, T, from this mapping. The
intent of the model wasto stratify the patients from low to high
risk allowing the clinicians to target different risk levels for
personalized intervention. Field care providers can target
different risk groups with different threshold settings as a
continuous variable for active case finding. Two thresholds of
0.3 and 0.7 were chosen and applied to the ranked outputs of
the model to divide the population into low (score<30%),
medium (score=30% and score<70%), and high (score=70%)
risk groups[7].

Identification of the Discriminant Features

In our implementation, the objective was to sdlect the least
number of representative features predictive of future 6-month
ED risk and to achieve optimal case finding sensitivity while
maintai ning the targeted PPV (>70%) based on selected features
(Multimedia Appendix 7, left panel). The active case finding
algorithm identified 101 variables (Multimedia Appendix 7,
right panel) predictive of future 6-month ED risk, which fell
into the following general categories: age groups (n=4), history
of different encounter types (n=8), history of primary (n=17)
and secondary (n=8) diagnosis, specific chronic diseases (n=8),
laboratory test results (n=28), history of radiographic tests (n=3),
and history of outpatient prescription medications (n=25). The
predictive power of the selected features was examined by
shrunken difference [19] (Retrospective: Multimedia Appendix
7, right panel; Prospective: Multimedia Appendix 7), which
was the scaled distance between the mean val ues of each feature
variable in a specific risk class (low, medium, or high) and
acrossall cohort samples. Shrunken differencesamong the low-,
medium-, and high-risk outcomes differed more than the case
(with future ED) and control (without future ED) outcomes,
demonstrating the effectiveness of these features in the risk
stratification.

Blind Testing

Cohort 11 was an independent naive sample set, which was
compiled to blind test the active case finding method's
performance. The aim of this step was to critically assess the
utility of the risk measure before statewide prospective
validation in Maine. Again the model developed with Cohort |
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was applied to every sample in Cohort |11 to derive and rank
the predictive scores and calculated the receiver operating
characteristic (ROC) area under the curve (AUC) score.

Prospective Validation

Theclinical application of the future 6-month risk measure was
deployed for prospective validation on the HIE datain Maine.
The cohort of 875,979 patients from July 1, 2012 to June 30,
2013 was prospectively profiled to cal culate future 6-month ED
visit risk measures using the clinical applications deployed at
HIN. The ROC [20] and time-to-event analyses were performed
to gauge the model performance (Multimedia Appendix 8) and
effectiveness of the risk stratification.

Unsupervised Clustering: Subgroup Analysis of
High-Risk Patients

We used principle component analysis [21] to reduce high
dimensional EMR features and identify clinically relevant
groups of patientsof high risk for 6-month ED visit with similar
patterns of demographics, primary diagnosis and procedure,
and chronic disease conditions. The features for high-risk
patients were projected to a lower dimensional subspace with
largest variances. The K-means algorithm was applied to find
potential patient patterns for future 6-month ED visit [22]. We
used K=6to generatethefinal six clusters. Thetechnical details
are described in Multimedia Appendix 9. Clustering patterns
between retrospective and prospective cohorts were compared
to further validate our high-risk case finding algorithm. As part
of the health care management platform, our predictive model
was integrated onto a Web-based dashboard to provide a
real-time visualization of the population profile with ED
6-month visits.

Population Explorer Service: Statewide Real-Time
Surveillance of Population ED Risks

The active case finding model and associated real-time
Web-based app were designed to track the evolving nature of
total population risk, in a longitudina manner, for ED visits
across all payers, al diseases, and all age groups. Patient
historical datasets are linked and stored in a patient-level
database in our system. ED predictive algorithm is applied to
the individual’s ED discriminating feature data to risk-stratify
the patients with our prospectively validated model. Individual
dataare then aggregated for popul ation exploration of ED risks,
which are stored in the popul ation-level database. Our dashboard
allows the visuaization of the population ED risks at high
geographical resolution for a defined population, for example,
the population of Maine.

Results

DataMining Overview: Retrospective and Prospective
Analyses

The active case finding algorithm produced a risk score (from
0 to 100) for each patient at the time of risk assessment of the
future ED visit. In general, our algorithm achieved high
performance that ROC AUCs of the risk score for a
determination of risk of patient future 6-month ED utilization
were 0.739 and 0.696 in retrospective blind testing and
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prospective validating respectively (Multimedia Appendix 8).
Specifically, at a risk score threshold of 50, the active case
finding algorithm identified 56.55% (9459/16,727) of
retrospective and 49.35% (10,810/21,904) of prospective
patients who had an ED visit in the next 6 months; 43.45%
(7268/16,727) of retrospective or 50.65% (11,094/21,904) of
prospective patients were identified incorrectly (who did not
have an ED visit) (Figure 3). At risk score threshold levels of
70 and 80, the rate of incorrectly “flagged” patients dropped to

Huetd

22.20% (839/3780) and 14.48% (286/1975) in retrospective,
and 32.31% (1764/5460) and 23.69% (626/2642) in prospective
analysisrespectively, but the algorithm found alower percentage
of patients. The ROC analyses showed that there was a 0.739
(retrospective) or 0.732 (prospective) probability that arandomly
selected patient with a future 6-month ED visit would receive
a higher-risk score than a randomly selected patient who did
not have a future 6-month ED visit.

Figure 3. Active casefinding algorithm effectively identified different risk group patients for future 6-month emergency (ED) utilization (upper panel
shows X axis: different ED risk groups; Y axis: active case finding positive predictive value (PPV); and lower panel summarizes average ED uses at
different ED risksin the future 6 months in both retrospective and prospective analyses).
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Prospective Validation

In developing the algorithm, we aimed to help potentia care
providers assess the “ opportunity case” (high-cost, high degree
of utilization of services, multiple chronic conditions) for various
risk score thresholds and for different assumptions about the
impact of the intervention. The active case finding algorithm

http://www.i-jmr.org/2015/1/e2/

was capabl e of stratifying patients across a wide range of risks
(Figure 3, upper panel) and demonstrated that patients in
higher-risk categories visited the ED earlier (prospective
timeto-event analysis. P<.001) both on retrospective
(Multimedia Appendix 10) and prospective (Figure 4) cohorts,
and more frequently (Figure 3, lower panel) over the future
6-month period.
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Figure 4. Active case finding algorithm effectively risk-stratified the prospective patient cohort for future 6-month emergency department (ED) visit
(graphic representation of low, medium, and high risk patients’ time to next impending ED visit).
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Unsupervised Clustering: Subgroup Analysis of
High-Risk Patients

Our principle component analysis retrospectively identified
(Multimedia Appendix 11, left panel) and prospectively
confirmed (Multimedia Appendix 11, right panel) a pattern of
six distinct subgroups among the high-risk patients with risk
scores greater than 70. These six clinically relevant clusters
(retrospective:  Multimedia Appendix 12, prospective:
MultimediaAppendix 12) grouped around multiple“anchoring”
demographic and chronic disease conditions. The chronic
conditions co-occurred in many instances and included
endocrine, nutritional, and metabolic diseases aswell asimmune
disorders (ranging from 23.83%, 245/1028 to 74.21%, 590/795),
diseases of the circulatory system (ranging from 13.7%, 99/722
to 68.4%, 544/795), diseases of the nervous system and sense
organs (ranging from 26.0%, 188/722 to 66.5%, 529/795),
diseases of the respiratory system (ranging from 23.44%,
241/1028 to 50.6%, 402/795), and diseases of the digestive
system (ranging from 17.41%, 179/1028 to 55.0%, 437/795).
These conditions were prevalent in al clusters, indicating that
endocrine, immune, cardiac, nervous, respiratory, and digestive
system dysfunctions co-occur. The largest cluster (#1) was
characterized by predominantly adult femal e patients (between
the ages of 19 and 49) characterized by chronic conditions
including endocrine, nutritional, metabolic, and immune
disorders, diseases of the sense organs, nervous, digestive, and
respiratory systems. Cluster #6 was revedled as a high
resource-consuming subgroup with the largest number of distinct
chronic disease diagnoses accompanied by the largest number
of laboratory and radiographic tests. In contrast, Cluster #5

http://www.i-jmr.org/2015/1/e2/

contained arelatively younger population (age 19 to 34) with
diminished incidence of chronic disease and minimal resource
consumption. Clusters #2, 3, and 4 shared similar age, gender,
and chronic disease distributions; however, these clusters
displayed different usage profiles for tests and medication
prescriptions. Moreover, in Clusters #2 and #3, approximately
20% of patients did not have any chronic disease diagnosisin
the prior 12 months. Among Clusters #1 through #4, there are
no direct correlations between the number of distinct chronic
disease diagnoses and the usage of tests and prescriptions.

Population Explorer Service: Statewide Real-Time
Surveillance of Population Emergency Department
Risks

Our ED predictive analytics were integrated into the Maine
State HIE system (Figures 5 and 6) to alow real-time
surveillance of population ED risks. Triggered by real-time
iterative data feeds, each patient’s ED risk measure can be
updated periodically upon new data feed. This alows for
trending risk scores over time, whereby targeting patients with
major increasesin risk may be asuseful astargeting the patients
at the highest risk. ThisWeb-based population risk surveillance
dashboard (Figure 6) empowers the ACO field staff and
population health managers to visualize the ED risks derived
from each resident’s historical medical recordsin Maine. With
our prospectively validated ED risk case finding a gorithm, our
coherent view of population ED risks can thus be feasible to
resolvethe barrier of the fragmented nature of population health
information to improve public health practice and reduce ED
utilization.
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Figure5. Schematic demonstration of data flow and communications of a population emergency department (ED) risk exploration system that allows
real-time assessment of population ED risk.
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We hypothesized that an individual patient’s future 6-month
ED risk can be forecast from the statistical learning of a
population’s comprehensive longitudinal clinical histories. Our
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making. Using adjustable risk settings allows multiple patient
cohorts of different impending ED risks to be constructed.
Moreover, high-risk patients with similar longitudinal clinical
patterns can be subgrouped for targeted intervention in real
time. Accurate identification of patient populations at high risk
for ED visitsis an integral component to address specific gaps
in health care coverage, institute primary care-based
interventions, and avoid preventable ED visits. Such active case
finding may help providers deliver more efficient and effective
health care interventions.

Strengths and Limitations

Designed to be used in real time by population panel managers
toforecast afuture ED visit, our EMR-based active casefinding
method was prospectively validated with a reasonable level of
sensitivity and specificity. To the best of our knowledge, our
EMR-based population ED risk study isthefirst with such scale
for ED trending across al payers, all diseases, and al age
groups. Our study’s obvious strength is the use of an entire US
state in regard to predictive analytics. I1ts weakness is the study
cohort’s potential patient characteristics unique to the state of
Maine, which may limit our model’s general applicability to
the other state populations.

Data limitations, for example, missing data, inaccurate
diagnostic/procedure coding, and the unreliabl e tracking method
to identify patients who die, may result in false negative and
false positive case calls. Additionally, new patients who lack
encounter histories tended to be categorized as low risk for
future ED visits, a function that likely underestimates the ED
risk for these subjects. We speculate that using additional
currently non-reported features, including self-rated health
conditions, lifestyle-related factors, and socioeconomic status
may enhancethe anaytical approachto ED visit risk assessment.

Beyond identifying at-risk populationsfor potentially preventive
services, gaining adeeper understanding of both the uniqueand
common attributes of various subgroups may further facilitate
overall management and the prevention of unwanted ED
utilization. Moreover, to be clinically useful, a case finding
model should be iterative and facilitate exploration of the
potential benefit (PPV) or burden (false positive rate) (business
case) of managing subpopulations of high-risk patients.
Accordingly, we sought to determine whether unique patterns
of resource utilization or clusters of patient subpopulations
existed among the considerable heterogeneity of the high-risk
patient popul ation when considered together. We demonstrated
that among the high-risk group patients, their associated
demographics, chronic conditions, and varying patterns of
resource consumption do not occur inisolation. Cluster analysis
revealed six clinically relevant subgroups among the high-risk
patient population that were confirmed as durable upon
prospective testing. These subgroups have unique patterns of
demographics, disease severities, comorbidities, and resource
consumption, suggesting new opportunitiesto provide stratified
care management among these groups. For example, Cluster
#6 had senior patients with co-occurring histories of the most
diverse chronic conditions and linked to the highest utilization
of clinical tests and prescriptions. In addition, this group of
patients is at considerable risk to experience poor health
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outcomes, including, but not limited to, lower quality of life,
diminished functional status, as well as excess morbidity and
mortality. This distinctive cluster could be targeted with new,
enhanced care management strategies. We noted a decreased
preval ence of the co-occurring chronic conditionsin four other
cluster groups of relatively younger adults with much less
resource consumption. Within these four clusters, femal es aged
19-49 years without any chronic disease may benefit from
targeted careto keep them out of the emergency room, although
more analysis is needed to understand the risk drivers within
thisgroup. Currently, many existing care management strategies
are directed toward single conditions and are event-triggered,
for example, ED visit or hospital discharge. The current active
case finding model provides novel opportunitiesto experiment
with new strategies of coordinated care targeting acombination
of conditions across different age and demographic groups that
we speculate may |lead to greater case management efficacy.

While the clusters identified in the study represent clinically
similar populations that could guide specific care management
strategies, we understand that the missing information (eg,
mental health and substance abuse diagnostic information) may
mask important characteristics of these clusters. Past studies
have shown that mental health diagnoses are frequent within
the ED patient population [23]. With data quality improving
over time, we see afuture opportunity for overall improvement
in the predictive model and subsequent patient clustering.

With our ED risk model, tacticsfor modifying care management
programs can be driven and measured against the analytical risk
assessment derived from the HIE records. HIEs are a valuable
dataresource, providing longitudinal and comprehensive patient
data. HIEs, such as HIN, that have completed the necessary
rigorous mapping of multiple providers data to standard
nomenclature including LOINC [24], RXNorm [25], and
SNOMED [26] offer an unparalleled data repository that can
be leveraged to reali ze value through the application of advanced
analytic techniques. However, while HIE data represents an
ideal source of community-wide/regional patient data,
operational HIEs are not present in all states. The predictive
model and patient clustering method can be applied to any
clinical dataset including the clinical EHRs directly as well as
private HIEs within hospital networks.

Conclusions

Our study isthefirst study of total population risk for ED visits
across al payers, all diseases, and al age groups. Applying
analytical toolson EMR and HIE data, including the active case
finding model, the high-risk patient clustering method, and the
Web-based real-time ED risk profiling analysisand exploration,
will help health care providers effectively leverage their EMR
to better understand ED service delivery while providing
opportunitiesfor improved health care delivery for the patients.
A great strength of thiswork is the use of data from an entire
state HIE, including datafrom across the entire spectrum of the
health care system. This is not just hospital or emergency
department data because it includes outpatient clinics and
physician practices. In that regard, our work should serve as a
model of what other states can do with HIE datato really impact
patient care and population health.
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Multimedia Appendix 1
Electronic medical record (EMR) features used to devel op active case finding model.
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Multimedia Appendix 2

Emergency department (ED) admission “time-to-event curve” showed pattern of rapid accrual with stable and consistent ED visit
rate thereafter. Population ED visit curves, of patients with more than one or any ED visit, stabilized within 6 months from
evaluation time, indicating a 6-month cutoff is clinically reasonable. Assessment date: January 1, 2013.
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Multimedia Appendix 3
Study cohort construction, and inclusion/ exclusion criteria; retrospective/ prospective cohort construction.
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Multimedia Appendix 4
Patient characteristics.
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Multimedia Appendix 5

Exploratory data analysis: patient counts of total set and those having emergency department (ED) revisit in future 6 months, as
function of number of chronic diagnoses (left panel) and ED visitsin past 12 months (right panel), and percentages of patients
with ED revisits was also plotted.
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Multimedia Appendix 6
Technical details of decision tree based modeling.
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Multimedia Appendix 7
Feature selection and characterization of discriminant features in retrospective/prospective dataset.
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Multimedia Appendix 8
The model performance was gauged by ROC analysis for retrospective blind testing and perspective validating respectively.
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Multimedia Appendix 9
Unsupervised clustering of high risk population using principal component analysis.
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Multimedia Appendix 10

Active case finding algorithm effectively risk-stratified retrospective patient cohort for future 6-month emergency department
(ED) visit: graphic representation of low-, medium-, and high-risk patients' time to the next impending ED visit.

[PNG File, 28KB - ijmr_v4ile? appl0.png ]

Multimedia Appendix 11

Unsupervised clustering of the high-risk patients identified consistent distinct subgroups in both retrospective (left panel) and
prospective (right panel) cohorts.

[PNG File, 351KB - ijmr_v4ile2 appll.png ]

Multimedia Appendix 12

Clustering of emergency department 6-month high-risk patientsin the retrospective/prospective cohort according to demographics
and prior year clinical histories.

[PDF File (Adobe PDF File), 29KB - ijmr_v4ile2 appl2.pdf |
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Abstract

Background: The global prevalence of sedentary lifestylesis of grave concern for public health around the world. Moreover,
the health risk of sedentary behaviors is of growing interest for researchers, clinicians, and the general public as evidence
demonstrates that prolonged amounts of sedentary time increases risk for lifestyle-related diseases. There is a growing trend in
theliterature that reports how social media can facilitate knowledge sharing and collaboration. Social siteslike YouTubefacilitate
the sharing of media content between users.

Objective: The purpose of this project was to identify sedentary behavior content on YouTube and describe features of this
content that may impact the effectiveness of YouTube for knowledge trand ation.

Methods: YouTube was searched on a single day by 3 independent reviewers for evidence-based sedentary behavior content.
Subjective data (eg, video purpose, source, and activity type portrayed) and objective data (eg, number of views, comments,
shares, and length of the video) were collected from video.

Results: In total, 106 videos met inclusion criteria. Videos were uploaded from 13 countries around the globe (ie, Australia,
Barbados, Belgium, Canada, Colombia, Kenya, New Zealand, Russia, South Africa, Spain, Ukraine, United Kingdom, United
States). The median video length was 3:00 minutes: interquartile range (IQR) 1:44-5:40. On average, videos had been on YouTube
for 15.0 months (IQR 6.0-27.5) and had been viewed 239.0 times (IQR 44.5-917.5). Videos had remarkably low numbers of
shares (median 0) and comments (median 1). Only 37.7% (40/106) of videos portrayed content on sedentary behaviors, while
the remaining 66 videos portrayed physical activity or amix of behaviors. Academic/health organizations (39.6%, 42/106) and
individuals (38.7%, 41/106) were the most preval ent source of videos, and most videos (67.0%, 71/106) aimed to educate viewers
about the topic.

Conclusions: Thisstudy explored sedentary behavior content available on YouTube. Findings demonstrate that thereis confusion
between physical activity and sedentary behaviors, that content is being uploaded to the site from around the globe, that content
isprimarily from health organizations and individuals with the purpose of educating fellow users, but that low views, comments,
and shares suggest that sedentary behavior content isrelatively underutilized on YouTube. Future research may wish to leverage
socia platforms, such as YouTube, to facilitate implementation and sharing of evidence-based sedentary behavior content.

(Interact J Med Res 2015;4(1):€3) doi:10.2196/ijmr.3835
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sedentary lifestyle; trandational medical research; social media
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Introduction

Sedentary Behavior

Since the 1950s, researchers have understood the importance
of physical activity in promoting health [1]. An active lifestyle
is now understood to reduce both the morbidity and mortality
of a wide range of chronic diseases ranging from cancer to
cardiovascular disease[2]. Insufficient levels of physical activity
are responsible for 6% of global mortality and are the fourth
leading cause of death around the world [3].

While the health importance of physica activity is well
established, recent evidence suggests that sedentary behavior
(eg, activities done while sitting) [4] also plays an important
role in the development of chronic disease. For example,
sedentary behaviors are associated with adverse health effects,
including undesirable changes in cardiometabolic markers,
vascular, bone, and psychosocial health independent of exercise
[5-8]. Thisisimportant, given that it is possible to accumulate
high amounts of both sedentary and exercise behaviors during
asingleday [6,7,9-11]. Further, the proportion of time spent in
sedentary behavior dwarfs that spent in physical activity. For
example, Canadian adults spend roughly 70% of their waking
hours engaging in sedentary behavior, while just 3% engaged
in moderate or vigorous physical activity [12]. Not surprisingly,
recent studies have estimated that sedentary behavior may
reduce the life expectancy of Western nations by 1-2 years
[13,14]. Given these important differences, researchers have
recently argued that sedentary behavior should be viewed asan
independent and distinct construct, rather than simply the lack
of physical activity [4]. Further, it has been shown that sedentary
behavior and physical activity have independent and distinct
relationships with health.

Knowledge Translation

The knowledge-to-action framework from Graham et a [15]
highlights the multifaceted nature of knowledge creation and
implementation. Knowledge about the health effects of
prolonged sedentary behaviors has been generated (ie, the
knowledge creation cycle). However, a gap exists in
understanding how this information is being implemented to
impact the health of lay users (ie, the knowledge utilization

cycle).

In North America, the Internet is a primary source of health
information, with more than half of users seeking health
information online[16-18]. Previous evidence has reported that
over half of American and European citizens have used the
Internet to seek health-related information [19]. Online mediums
may help to bridge the research to action gap by allowing
evidence-based information to freely reach the homes of abroad
spectrum of users. There is a growing trend in the literature
reporting how social media can facilitate knowledge sharing
and collaboration [20].

YouTube

YouTube is among the top three most popular websites visited
around theworld, with more than 4 billion videos being watched
by users daily [21,22]. The primary concept of social media
sites like YouTube is the sharing of media content between

http://www.i-jmr.org/2015/1/e3/
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users [23]. Videos alow for the sharing of complex ideasin a
simple format [22]. The Health Care Social Media List form
the Mayo Clinic identifies over 700 health-rel ated associations
in the United States that have established a presence on
YouTube [24]. A strength of the social media format for
knowledge trandlation is its capacity for timely updates, in
contrast to the slow uptake and evolution of information shared
through traditional peer-reviewed formats[19]. However, there
isalack of regulation on the content available through YouTube.
Previous research has reported that misleading information
posted through videos on YouTube could endanger viewers
[22].

Purpose

There is agrowing body of evidence exploring health content
available through YouTube. Research has identified that
health-rel ated videos posted to YouTube may contain erroneous
and potentially harmful health information [20,22,25]. As
knowledge about the health risk of sedentary behavior transitions
from research to practice, thereisvalue in understanding if the
information available on YouTubeisevidence-based. Therefore,
the purpose of this project was to identify sedentary behavior
content on YouTube and describe features of this content that
may impact the effectiveness of YouTube for knowledge
trand ation, such as evidence-informed messages and description
of video characteristics. Understanding what information is
currently available may help researchers tailor their messages
to promote more effective knowledge trandation and uptake.

Methods

Search Strategy

YouTube was searched on a single day (May 25, 2014) by 3
independent reviewers (EK, BI, AM). Computers were set to
“incognito”/“worldwide” to limit any filtering by the site to
previous user data and to help ensure that search results would
not be limited to local country of searching but instead include
videos from around the globe.

Similar to the methods of Williamset al [26], Google AdWords
[27] was used to search keyword phrases frequently used by
the public when searching Google in relation to “sedentary
behavior” to develop alist of popular phrasesfor the topic that
could be searched on YouTube. Subsequently, three keyword
searches of YouTube were conducted (“ sedentary behaviour”,
“sedentary behavior”, and “sedentary lifestyle”) as well as a
category search of the YouTube-generated “ sedentary lifestyle’
topic channel. Currently, YouTube agorithms create topic
channels based on volume of content on the site, in the present
case linked to the keyword phrase “sedentary lifestyle’. The
channel’s main page presents three popular videos sorted by
relevanceto the topic channel for six subcategories: (1) popular
sedentary lifestyle videos, (2) popular sedentary lifestyle and
health videos, (3) popular sedentary lifestyle and physical
exercise videos, (4) popular sedentary lifestyle and obesity
videos, (5) popular sedentary lifestyle & lifestyle videos, and
(6) popular sedentary lifestyle and childhood obesity videos.

For each of thefour searches (three keyword, one topic channel),
results were sorted by both relevance and views using the
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YouTube search features, and the first two result pages
(approximately 40 videos) were assessed. The goal of the search
processwasto identify YouTube content that users are accessing
themost. Searching waslimited to theinitial two pages of results
based on the following a priori criteria: (1) saturation of the
topic becomes evident in most cases by the end of the second
page at which point search results are obviously not related to
the search phrase, and unlike the searching process employed
in systematic reviews, (2) typical YouTube users may be less
likely to continue scanning results past the initial two pages of
results, especially when videos appear not to be linked to the
search phrase. Videos were excluded if they were not available
in English or portrayed content obviously not related to the
search (eg, music videos, product advertisements). Additionally,
individual users channels that were generated in the search
results were not reviewed, as they contained multiple videos
posted by the user with varying relation to the desired search
content.

Data Management and Analysis

Video data were coded into an electronic spreadsheet and
analyzed in June 2014. For each video, we collected both
objective data (video title, URL, number of views, number of

Textbox 1. Definition of coding themes for subjective data extraction.

Knight et al

shares, the length of the video, number of comments posted by
YouTube users, descriptive text and keywordsthat the user who
uploaded the video included, and the YouTube category used
to classify the video) and subjective data (the purpose and source
of the video, and the type of activity content included in the
video). Textbox 1 defines coding themes used for subjective
data. To ensure consistency in coding, a representative video
from each search was coded collaboratively until consensus
was reached.

Descriptive statistics were performed to understand the context
of evidence available on YouTube. Specifically, there was
interest in understanding if the information available on
YouTube represents best evidence for sedentary behavior, if
users are seeking information on sedentary behavior through
this medium, and describing video content in terms of who is
producing the video to help inform future initiatives for
leveraging YouTube as a knowledge tranglation vehicle. To
expl ore the descriptive statistics by popularity of content onthe
YouTube site, interquartile range of view counts were used to
group videos based on number of views. Pearson correlation
coefficient (r) was cal cul ated to expl ore the rel ationship between
views, keyword search, video length, video source, and activity
classification. Statistical significance was set at P<.05.

Video Source
. Maedia Video presented by an identified news/media source
o Individual: Video presented by an individual

Video Purpose

Activity Classification

«  Academic/Health Organization: Video presented by an academic conference, research group, or medical organization

«  Consumer: Video endorsing and/or promoting sale of a product/service

«  Educate: Video informs/teaches about the topic, which includes evidence-based information
«  Opinion: Video portraying an individual’s or organization’s perspective on the topic
«  Academic Presentation: Video of a presentation to academic audiences (eg, conference proceedings)

o  Commercia: Video promoting acompany’s or individual’s product(s)

. Physical Activity: Video portraying information on physical activity and the health benefitsand/or public health recommendationsfor thisactivity
«  Sedentary Behavior: Video portraying information on the behavior and/or health outcomes of activitiesin asitting or reclining posture

«  Mixed: Video incorporating information of both physical activity as well as activities in sitting/reclining postures

Results

Figure 1 showsthe search results. Theinitial search yielded 232
videos. After removing ineligible and duplicate results, data
were analyzed from 106 videos. Table 1 summarizes the
included videos. The location of the uploader was not
discernable via the YouTube site. Therefore, an independent

http://www.i-jmr.org/2015/1/e3/

online database (YouTube Stats [28]) was used to search the
country of originfor videos. It should be noted that the database
provides only asource of origin for videoswith >4 subscribers;
therefore, it did not provide a complete source for origin of all
videosin this sample (Table 2). Figure 2 shows the distribution
of videos around the globe and demonstrates a substantial
representation of content from North America.
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Table 1. Video results.
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Result URL Title Months  Length Views
No. on (min)
YouTube
1 http/Amwwyoutubecomwvatcia=dlY INWOA3DK 10 Minute Basic Workout for the Sedentary Individual 19 3:40 495
2 https/Amvww.youtubecomiwatchd=012kXL0iopE  10-1. Sedentary Lifestyle and How To Improve Cardio- 61 6:39 13,100
vascular Endurance with Exercise
3 http://www.youtube.com/watchv=0WW- 15. Osteoporosis Sedentary Lifestyle 10 1:30 19
Ws32MLI
4 http:/mmw.youtube.com/watch/=YaucXroi8ls 2012 JustStand Wellness Summit; Dr David Dunstan, 9 59:41 67
Baker IDI Heart and Diabetes I nstitute
5 http:/Amwwyoutubecomiwatchd=1JGATSLpDzM - 2014 Physical Activity Forum - Get Up, Stand Up 0 1:03:03 12
6 https/Amww.youtubecomwatchd=6uomln5g9g 8 Weight Loss Tips for a Sedentary Lifestyle 23 3:16 65
7 http://mww.youtube.com/watchv=aoMmpF-  American Idle: Sedentary Time and Health 1 3:28 0
bzz-k
8 hitps/AwwyoutubecomwatcA=MWWVOZ3X XA America's Walking | A Call to Action | A Sedentary 50 8:54 913
Lifestyle
9 hitps/AwwyoutubecomwatchA=3WxP7fU_J4  An Introduction to Active vs. Sedentary Lifestylesasit 50 2:05 3822
Relates to Chronic Diseasewmv
10 http:/Avwww.youtubecomwatchdvy=sAo_352QYjs Areyou Activeor Sedentary? How canyou becomemore 2 4:30 54
Active for FREE? Easy tipsLisain Marbella
11 https.//www.youtube.com/watchy=Nndqgo- Avoid Sedentary Lifestyle 2 6:40 14
guNrzs
12 hitp:/Amwwyoutubecomivatchd=hMegW5G7ZEK - Back Pain & Sedentary Life Style 19 4:58 258
13 http:/Awww.youtube.comwachv=tnQ1Ye6JbAw  Beating Sedentary Behavior at Prince of Wales school 11 1:39 150
14 http:/Aww.youtube.comiwatchd=dZg8w2IRHs  Benefits of a Standing Desk on your Feet Australia 3 5:25 20
Campaign
15 http:/Amww.youtube.comiwatchd/=gpEY RbfVsks - Bonnie Spring: Can we Design our Way out of the Obe- 31 42:39 132
sity Epidemic?
16 hitp/Avmwyoutubecomvatchd=63SMMETELW  Bouncing at Work 9 0:47 101
17 https/AMwwwiyoutubecomwatchA=B9hgaXZROw  Breaking the Sedentary Lifestyle 10 2:52 17
18 http://www.youtube.com/watch?v=uqviP- Breaksin Sedentary Time are Associated with Reduced 5 4:18 128
muytQA Health Risk in Children.
19 https/Awwwyoutube.comiwatchd=5ty7GhKJ0Yg Camp Abilities: A Vision of aHealthier Lifestyle 46 3:08 1079
20 http:/Awww.youtube.comwatichd/=UFgdamY6ltg  Classroom & Sedentary Behavior 6 6:49 53
21 http://www.youtube.com/watch=CL S- Classroom Teacher Challengesfor Managing PA: Reduce 21 1:21 922
bSOyEJSM Sedentary Behavior with Strctu
22 https/Amww.youtube.comwatchd=ddg7bPS 8pk  Combatting a Sedentary Lifestyle - Penn State Hershey 12 1:00 517
23 http://www.youtube.com/watch?v=0s- Course Director Pitch - BSc Hons Physical Activity Ex- 0 2:23 44
nXMZg4ccQ ercise and Health
24 hitp:/Amwwiyoutubecomiwadhd/=sSKFORCAOUY  Dan Oliver and Ryan Durden's Video Presentation 1 4:46 12
25 http://www.youtube.com/watch?v=lyBKXK- Dangers of a Sedentary Lifestyle 12 8:06 461
Bei8o
26 https/Amwwyoutubecomiwatchd=to8GmIDfhmw  Dangers of a Sedentary Lifestyle 26 1:20 718
27 http:/Amww.youtube.com/watch=eHoVLMF  DynaCubes Breaking Sedentary behavior 11 1:36 32
boBI
28 https://www.youtube.com/watch?v=Y R- Easy Ways to Increase Physical Activity 49 0:58 12,298
JpfkqY Bp4
29 https/AMmw.youtubecomwatchd=rasZGZpQsy0  Educating the Student Body: Taking Physical Activity 12 2:40 10,810

and Physical Education to School
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Result URL Title Months  Length Views
No. on (min)
YouTube
30 http:/Awww.youtube.comwatchd=B7r6roUOxu0  Effect of Physical Activity on Serum Prostate-Specific 16 5:05 117
Antigen Concentrations
31 http/AvmwyoutubecomwatchA=WWwOdGLINEV8  EPI-NPAM 2012- Sedentary Behavior, Physical Activity 26 7:26 366
and Incident Coronary Heart Disease
32 https://www.youtube.com/watchv=PZVkn-  Erin has been Overweight her Whole Life 52 342 2003
pDsoNY
33 http:/Aww.youtube.comwatchd=|zZ00gVoEFHC  Exercise & Weight Loss - Episode 7 - Summer Tomato 36 43:12:00 1343
Live
34 http://www.youtube.com/watch?v=QFc- Exercise training Alters Subcutaneous White Adipose 11 2:18 684
50XgbYY Tissue (SCWAT)
35 http:/Amww.youtube.comwatch/=1PvQjNF2ths  Fitness Paradigm 21 43:25 56
36 https./Amww.youtube.com/watch=IqWfxxux- Give Up Your Sedentary Lifestyle 37 2:37 594
mi4
37 http://www.youtube.com/watchv=Z_cx- Gregory Norman - Physical Activity and Sedentary Be- 7 24:15 38
n_7mxg havior Classification Using Motion Sensor and SM
38 https./Amww.youtube.com/watch?y=BxtOfplop- Health & Fitness Tips For Truck Drivers Reveadled By 4 1:08 1434
VA Twin Drivers
39 https/Amww.youtubecomwatchd/=P5veB69b Y Healthy Eating vs. Sedentary Lifestyle - Fabio Viviani 12 4:55 1201
40 http://www.youtube.com/watchv=A7vQWf- HK200 Ken Etics 2 2:06 1991
miVs
41 https://www.youtube.com/watch?/=5Nj3smp- How to Avoid a Sedentary Lifestyle: 46 1:47 5964
futM
42 https/AMmwvyoutube.comwatchd/=PkginGHENN4  How to Pronounce Sedentary 14 0:20 2151
43 https/Amwwyoutube.comwatchd=aDRYEYSo f8  Informative Speech-Sedentary Lifestyle-Wilkey 13 7:42 30
44 http:/mww.youtube.com/watchy=6BY vKdi- Intro.wmv 0 2:41 13
Wtew
45 hitps/Amwwyoutubecomiwatchd=ovAerAWT7BeY  |s Korea Affected by an Abdomina Obesity and Seden- 15 0:37 45
tary Lifestyle Epidemic?
46 http:/Aww.youtubecomwatchA=4AMnQ7XnBpcec - Jigsaw Desks 49 2:23 119
47 https/Amww.youtube comiwatchd=2Zquqg7l_Ol0  Joe Rogan on Fresh Food and a Sedentary Lifestyle 2 5:42 328
48 http://www.youtube.com/watchv=BcxBe-  Keynote Speech - Dr Kong Chen - Be Active 2012 18 50:16 147
VaGnjl
49 http:/Avwwyoutubecomiwatchd=Mbr7rDeéfvRw L3 Health Online task Intro.wmv 30 2:20 27
50 https://www.youtube.com/watch?v=TOT6T- Lesson 2, The Benefits of a Healthy Lifestyle 30 2:10 741
-70. w
51 https/Amww.youtube.comwetchA=0nd0z8MOz0  Lifestyle: Ageing and Health 25 343 1866
52 http:/Amww.youtube.comiwatchd=pH_iFV3nYnQ Motivations for Continued Involvement in Physical Ac- 22 4:33 348
tivity
53 http://www.youtube.com/watch?v=El- Obesity: A Heavy Burden 4 1:07.52 239
DAOQY zORjs
54 http:/Aww.youtube. comivatch=0k96iSLWyyg  Older Women Spend 2/3rd of Time Sedentary 3 0:33 10
55 http:/Avww.youtube comwetchd=3fV91ZGAKRO  Physical Activity and Sedentary Jobs 36 4:47 406
56 hitp/AwwvyoutubecomiwatchA=XTTCKdBZNQ  Prof. Stuart Biddle - Teaser 7 0:50 23
57 http:/Avwwyoutube.comwatchd=yLJOSVECESE  Project Play: Reimagining Youth Sportsin America 3 1:14:19 4459
58 http:/Aww.youtube.com/watchy=9wRDIXxB- Promoting More Physical Activity and Less Sedentary 7 0:27 214
mlY Behaviour in Young People
59 hitps/Awwyoutubecomiwatchd/=L2E8 MENZA  PSA Sedentary Lifestyle 24 5:35 513
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Result URL Title Months  Length Views
No. on (min)
YouTube

60 http://www.youtube.com/watch?v=hmCl - Scottish Kids Less Active 0 2:34 2
uFv05ag

61 http://www.youtube.com/watchv=ZuAKX- Sedentary Behavior 25 7:22 37
AGZKOw

62 http://www.youtube.com/watch?v=qondXF- Sedentary Behavior and your Health 5 0:51 31
SPPA

63 http://www.youtube.com/watchv=znX - Sedentary Behavior in College Students 10 0:55 28
imY_iNvs

64 http:/Amww.youtube.comiwatchd=Dr226ZCZuPw  Sedentary Behavior in Youth 6 5:11 24

65 http://www.youtube.com/watchv=yn- Sedentary Behavior- Target for Change, Challenge to 25 13:17 1056
fUYMNG6ReQ Assess
http:/Avww.youtube.com/watchv=gondX F-  Sedentary Behaviour & Health: Is the Chair the Most

66 SPPA Important Threat to Health in 21 Century? 0 31:56 4

67 http://www.youtube.com/watch?v=rTRHkU- Sedentary Behaviour (Get off the couch) 14 2:34 233
uLON8

68 http://www.youtube.com/watchv=hWWH-  Sedentary Behaviour Researchers- A Guaranteed Stand- 19 0:10 179
hvxY zXk ing Ovation

69 http://www.youtube.com/watch?v=gB33PR- Sedentary Behaviour: Not Even Once 14 2:17 252
JityU

70 http://www.youtube.com/watch?v=qondXF- Sedentary Life—Barriersto Physical Activities 26 23:36 644
SjPPA

71 http:/Avww.youtube.com/watch?/=8 xeukXJP- Sedentary Lifestyle 16 4:15 56
bk

72 https://mww.youtube.com/watchv=5b064Vs- Sedentary Lifestyle 1 1:45 81
RiiY

73 https://mww.youtube.com/watchv=2IWnUn-  Sedentary lifestyle 12 4:17 17
QTfxU

74 hitps/AmvwyoutubecominvatchA=oWVaVOJOAAAQ  Sedentary Lifestyle - Get Fit or Get Fat 36 2:29 1451

75 https://www.youtube.com/watchv=F2PP-  Sedentary Lifestyle - It'sBad!!! ThissHow | solved My 27 10:39 244
7vDJhO Problem of Chronic Sedentary Lifestyle - p1

76 https://www.youtube.com/watch?v=0V- Sedentary Lifestyle and Obesity 20 2:20 3738
Gi6jZ99ys

77 http://www.youtube.com/watch?v=- Sedentary Lifestyle As Damaging As Smoking, Study 46 1:55 1651
Y 68CfN60Ck Says

78 https://www.youtube.com/watch?/=tu- Sedentary Lifestyle Doubles Disability Risk in Seniors, 3 1:19 37
pL_3uAZx0 Study Finds

79 https://www.youtube.com/watchv=MxUR-  Sedentary lifestyle p2 -It's Bad!!! ThissHow | solved 28 4:52 127
WgdEfuYy My Problem of Chronic Sedentary Lifestyle

80 https./Mmww.youtube.comwatchd=EUG_IUE- Sedentary Lifestyle Takes Toll on Health 3 2:.01 76
Jul

81 https://www.youtube.com/watchv=Q361fF- Sedentary to Active Lifestyle 79 4:55 883
pzwqY

82 https/Ammwyoutubecomwatchd=|9dC2ASKT8U  Should Sedentary Lifestyle Be Considered a Medical 21 1:27 138

Condition

83 hitps/Amwwyoutubecomwatch2=58v30WCABM  Sitting |'s the New Smoking?? 3 2:17 2577

84 https./mww.youtube.com/watch=WI3U8DI-  Sleekgeek Talksto Heath24 21 3:28 1643
Glyu

85 https://www.youtube.com/watch?v=391MF-  Steven Needs to Change his Sedentary Lifestyle. 52 357 608
sMJeyo
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Result URL Title Months  Length Views
No. on (min)
YouTube
86 https://www.youtube.com/watch?v=go- Stop Sitting Your Life Away 10 1:42 1294
tapi_c7HO
87 https./Aww.youtube.com/watchd=20Dilr4Cd- The American Sedentary Lifestyle 40 1:58 1061
So
88 hitp/Amwwyoutubecomnatch=8n3HM902nQU  Thesis Defense 8 1:44.46 235
89 http://www.youtube.com/watch?=- To Good Health: Battling Chronic Diseases Episode 1 29 12:29 33
NAFNOtzjBE
90 http://www.youtube.com/watch/=ysx- Toddlers on the Move 0 1:43 22
pX114VPY
91 https://www.youtube.com/watch?v=8rOtBE- Top Health and Fitness 20 1:05 2796
TyxM
92 http:/Amww.youtube. comweatchd/=c2SalGezhoc - Walk with Wellness 2 2:02 25
93 https://www.youtube.com/watchv=FaQbr-  Walking: Get the Word Out 15 1:17 535
cJU150
94 http://www.youtube.com/watchv=3IGrOyF- We are Leading Sedentary Lives, Says Health Minister 4 2:16 16
piTY
95 https/Mmw.youtubecomiwatchd/=_mNe IFBoog  What are Risk Factors Associated with Sedentary 35 1:18 263
Lifestyle and Poor Nutritional Habits in Brazil?
96 https://www.youtube.com/watchv=5i5- What can we do to Combat a Sedentary Lifestyle? 12 314 68
ox64reY
97 http:/Avwwyoutubecomiwachd=SWVnOGtsB0env  Your Chair IsKilling You - Ernesto Ramirez 39 5:15 842
98 http://www.youtube.com/watchv=MK9QG- Zamzee Interview on KRON 4 News 19 4:45 301
GzeQed
https://www.youtube.com/watch?v=iX- . . ) )
hEedel RnM& list=PL bx2DInNN4q- Physical Inactivity: The Biggest Public Health Problem
99 ZXkOL23D5VQINkadNfTwb of the 21 Century 7 1:07:17 1542
100 https://www.youtube.com/watchv=I-RkF-  Too Much TV Bad for Your Health? 35 1:49 5253
DrFhF8& list=PLbx2DINnNN4g-
ZXkOL23D5V QINkadNfTwb&index=2
101 https://www.youtube.com/watch?v=dEg- Inactivity Increases Heart Disease Risk | Heart Disease 9 1:22 707
tySXOwSs& list=PLbx2DINNN4g8eX TUV Jh-
FuTY TLxhmcK-mm
102 https://www.youtube.com/watch?v=3LBbH- Report Says: Physica Inactivity Kills5 MillionaYear 22 7:19 108
bZ8jxk
103 https/Aww.youtube.comwatchd/=zrp5s-0zad0  Dr Rutledge Cause of Obesity: Excessive Calories/Lack 51 5:51 720
of Exercise. Calories In and Calorie Out
104 hitps/Amwwyoutubecomwatchd/=|9dC2ASKT8U  Should Sedentary Lifestyle Be Considered a Medical 21 1:27 361
Condition
105 https://www.youtube.com/watchv=kPN- The Relationship Between Physical Activity and Child- 42 1:55 84
MuuY7jLU hood Overweight and Obesity
106 https/AMwwvyoutubecomiwatch=Ofg3UIXFVMO  Couch Potato Toddlers 38 1:09 635
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Table 2. Location of origin for videos (N=106).

Knight et al

Country Videos, n (%)
Australia 4(3.7)
Barbados 1(0.9)
Belgium 1(0.9)
Canada 12 (11.3)
Colombia 1(0.9
Kenya 1(0.9)
New Zealand 1(0.9
Russia 1(0.9)
South Africa 1(0.9
Spain 2(1.9
Ukraine 1(0.9
United Kingdom 8(7.6)
United States 44 (41.5)
Not available 28 (26.4)

Figure 1. Search results.
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Figure 2. Globa distribution of search results.
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Video Features

The four search phrases (“sedentary behavior”, “sedentary
behaviour”, “sedentary lifestyle”, and YouTube topic channel)
and two search methods (sorted by relevance or views) generated
58.5% (62/106) duplicate results. Of the resultsthat were unique
to asingle search phrase (41.5%, 44/106), “ sedentary lifestyle”
generated 65.9% (29/44), “sedentary behaviour” generated
20.5% (9/44), and “ sedentary behavior” generated 13.6% (6/44).

Table 3. Descriptive features of video results (N=106).

Table 3 presents the means and interquartile ranges of video
views, length, time since uploaded to the YouTube site, and
quantity of comments posted by users. Therewasno relationship
between number of views and video length (r=-.10, P>.05), or
the search phrase (r=.08, P>.05). Similarly, no relationship was
evident between search phrase and the source of the video
(r=-.05, P>.05) or the activity type presented in the video
(r=-.09, P>.05).

Mean (SD) 25N percentile 5ot percentile 751 percentile
Views 1008.9 (2202) 445 239.0 917.5
Video length (minutes) 9:01 (16:31) 1:44 3:00 5:40
Time on YouTube (months) 19.2 (17.0) 6.0 15.0 275
Comments 1.7(5.7) 0 1 1
Shares 12(3.9) 0 0 1
Activity Type represented 31.1% (33/106) of the sample, and videos that

Videos that portrayed content on sedentary behaviors alone
represented 37.7% (40/106) of the results. Videosthat portrayed
a combination of sedentary and physical activity behaviors

http://www.i-jmr.org/2015/1/e3/

RenderX

portrayed physical activity behaviorsaone similarly comprised
31.1% (33/106) of the sample. Videos with the highest view
counts (ie >240 views) portrayed physical activity behavior
content, not specifically sedentary behavior content (Figure 3).
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Figure 3. Activity type portrayed in videos by interquartile range of views.
@ Physical Activity = Sedentary Behavior « Mixed

13

Number of Videos

045 46-239 240918 919+
View Count Ranges

38.7% (41/106) of videos, respectively. News/Mediacomprised
Source of the Content 12.3% (13/106) of thevideos, and 9.4% (10/106) of videoswere
Academic/Health Organizations and Individualswerethemost  Consumer. The trend was sSmilar across view count ranges
common source of content, representing 39.6% (42/106) and  (Figure 4).

Figure 4. Source of videos presented by interquartile range of views.

@ Academic/Health Organization wIndividual +~ News/Media = Consumer

Number of Videos

0-45 46-239 240-918 919+
View Count Ranges

= f the Content the available content. Minima videos (5/106, 4.7%) were
urposeof the Lonten Consumer-based, aiming to sell products or services. Moreover,

The predominant purpose of videos was coded as Educational  Educational videos were more dominant across all view count
(71/106, 67.0%). Academic presentations (16/106, 15.1%) and  ranges (Figure 5).

Opinions (14/106, 13.2%) contributed to a smaller portion of
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Figure5. Purpose of video presented by interquartile range of views.
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Discussion

Popularity of Content

YouTube is a popular socia media site that facilitates the
sharing of content, evidence-based or otherwise, with a large
body of users. The purpose of this study was to explore
descriptive features of sedentary behavior content on YouTube
to enhance future knowledge trandation efforts of
evidence-informed sedentary behavior content. Results from
106 sedentary behavior videos demonstrate that content isbeing
uploaded from around the world, which further underscoresthe
value of this medium as a way to link the global community.
Moreover, these results may underestimate the global reach of
content via this socia platform due to €ligibility criteria from
this study excluding videos not available in English.

Google AdWords [27] was used to generate a list of search
phrases common to Internet users. The search phrase“ sedentary
lifestyle” generated more unique search results on YouTube
than the other search phrases. However, no relationship was
evident between search phrase and either views or source of the
video. These results suggest that certain key terms are more
prevalent on the site, yet this does not appear to impact
viewership of sedentary behavior content on this social media
platform.

To help design the future development of sedentary behavior
content for YouTube, our investigation explored the relationship
between length of videos and view counts. There was no
relationship, suggesting that length of video does not impact
the viewership. Therefore, knowledge tranglation efforts may
need to consider aspects other than length of videosin order to
increase viewership.

User-generated comments on videos represent the interactive
and collaborative nature of YouTube content. The videos
included thisanalysis had generated very few comments on the
YouTube site (Table 3), which may indicate that sedentary
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behavior content currently on YouTube is not generating
discussion and collaboration among users. Similarly, therewere
a remarkably low number of shares for sedentary behavior
videos, indicating that users are not engaging in further social
features of the YouTube site to enhance the reach of sedentary
behavior content.

Moreover, view counts can be used to compare popularity of
content on YouTube. Typicaly, popular videos on the site
generate hundreds of thousandsto millions of views. Themedian
view count of sedentary behavior videos was 239 (Table 3),
which suggests that the sedentary behavior content posted to
the siteis not popular among users. This presents a substantial
opportunity for sedentary behavior researchers to improve the
reach and impact of evidence through this social platform.

Evidence-Based Content

In the past, the term “sedentary” was often used to refer to
individuals who were not sufficiently physicaly active [4,29].
However, as noted above, available evidence suggests that
sedentary behavior and physical activity should be viewed as
separate and distinct constructs[4,30]. Thus, agrowing number
of researchers have suggested that the term “ sedentary” should
be used only to describe sedentary behaviors (eg, activities done
while sitting), as opposed to the lack of physical activity [4].

Despite the widely used academic definition of sedentary
behavior as activities characterized by sitting, approximately
onethird of thissampl e of videosdisplayed content on physical
activity, not sedentary behaviors. Further, videos with higher
view counts tended to portray information on physical activity,
not sedentary behaviors (Figure 3). Finaly, there was no
relationship between search phrase and the type of activity
behavior presented in the video (ie, sedentary behavior, physical
activity, or mixed). These results further underscore the
confusion between physical activity and sedentary behavior,
which may impact knowledge users' understanding of both the
behaviors themselves and the associated health outcomes of
these distinct behaviors.
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Limitations

The source and content of information is variable in this
medium. There is currently a lack of standardized tools for
assessing quality of content on social mediasiteslike YouTube.
Unlike systematic reviews of traditional evidence, a gap exists
inthe literature describing an evidence-based quality assessment
tool for the purpose of reviewing social media content.

Moreover, previous research has highlighted concerns about
the regulation of content available online. For example, one
study that examined YouTube for evidence-based immunization
content found that videos containing information that
contradicted public health guidelines on the topic of interest
were more likely to receive high view counts and user ratings
and accounted for more than half of YouTube content on the
topic [20]. Moreover, another study that examined YouTube
for video content on eating disorders found that one third of
videos glorified the unhealthy behaviors, and that these videos
were more likely to have higher view counts than videos that
discouraged the behavior [25]. These findings may further
underscore theimportance of the research community leveraging
the popularity of YouTube as a knowledge trandation vehicle
to promote evidence-based information.

While YouTubeisaccessible around the world, and resultsfrom
this study demonstrate content being uploaded from across the
globe, many workplaces and educational institutions restrict
user accessto social mediasiteslike YouTube. Restricted access

Knight et al

may limit the impact of this medium for trandation of
evidence-based information to users. Research demonstrating
the cultura value of YouTube [31,32] in conjunction with the
potential of the social platform for sharing evidence-based
content may be of value for informing the future devel opment
of policies governing accessto socia sites like YouTube.

Conclusions

While physical activity is a well-established research domain,
the focus on sedentary behavior research is much more recent.
Therefore, many information seekers are not only unaware of
the health consequences of prolonged sedentary behaviors, but
also of the distinction between “too much sitting” and “not
enough exercise”. Moreover, there is a shortage of evidence
describing theimplementation and trand ation of evidence-based
sedentary behavior information into lay landscapes, which could
further impede an individual’s understanding of thishealth risk.

Our study explored sedentary behavior content available on
YouTube. Findings demonstrate that thereis confusion between
physical activity and sedentary behaviors, that content is being
uploaded to the site from around the globe, that content is
primarily from health organizations and individuals with the
purpose of educating fellow users, but that low views and
comments suggest that sedentary behavior content isrelatively
underutilized on YouTube. Future research may wish to leverage
socia platforms, such as YouTube, to facilitate implementation
of evidence-based sedentary behavior content.
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Abstract

Background: Pregnant women and their partners use the Internet to search for information following a prenatal diagnosis of
congenital heart defect.

Objective: Our aim was to explore central subjects of content and to assess the accessibility, reliability, usability, and quality
of written information on publicly available information websites about congenital heart defects following a prenatal diagnosis.

Methods: Following searches on Bing and Google, we included websites containing patient information in English. Hitsranged
from 340,000-67,500,000 and the first 50 hits from each search were screened for inclusion (N=600). Of these hits, 39.3%
(236/600) wereirrelevant. A total of 67 websiteswereincluded, of which 37% (25/67) were affiliated with independent information
websites, 25% (17/67) with charity/private organi zations, 25% (17/67) with hospitals/clinics, and 13% (8/67) had other affiliations.
The majority of the websites (76%, 51/67) could not be attributed to an author. A manifest content analysis was performed to
explore central subjects of content. The DISCERN instrument was used to assess the quality of information, and the LIDA tool
was used to assess accessibility, usability, and reliability of the included websites.

Results: The content on the majority of the websitesincluded care and treatment of children with congenital heart defects (88%,
59/67), causes of congenital heart defects (88%, 59/67), symptoms of congenital heart defects (85%, 57/67), prevalence of
congenital heart defects (81%, 54/67), potential complications of congenital heart defects (75%, 50/67), prenatal
diagnostics/screening methods (72%, 48/67), and specific congenital heart defects (72%, 48/67), whereas less than 10% included
information about termination of pregnancy (6%, 4/67), care during pregnancy (5%, 3/67), and information specifically directed
to partners (1%, 1/67). The mean of the total DISCERN score was 27.9 (SD 9.7, range 16-53). According to the instrument, a
majority of the websites were categorized as very poor regarding information about effects of no treatment (88%, 59/67), support
for shared decision making (85%, 57/67), achievement of itsaims (84%, 56/67), explicit aims (82%, 55/67), risks of each treatment
(82%, 55/67), how treatment choices affect overall quality of life (76%, 51/67), and areas of uncertainty (76%, 51/67). The mean
of the total LIDA scorewas 92.3 (SD 13.1, range 61-127). According to the tool, a majority of the websites were categorized as
good with regard to registration (97%, 65/67) and browser test (75%, 50/67), whereas a majority were categorized as poor with
regard to currency (87%, 58/67), content production (84%, 56/67), and engagability (75%, 50/67).

Conclusions: Difficulties in finding relevant information sources using Web search engines and quality deficits on websites
areanincentivefor health professionalsto take an active part in providing adequate and reliabl e information online about congenital
heart defects.
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Introduction

Globally, an increasing number of health care consumers use
theInternet to search for health-related issues[1-4]. The Internet
has the potential to provide highly accessible, interactive, and
tailored information. However, this might be limited by
navigational difficulties and inaccurate or misleading
information that has not been peer-reviewed [5,6]. Although
many individuals havelittle or no trust in Internet information,
it isused asaprimary source when searching for health-related
information [7]. Studies of literacy practicesinrelation to health
communication have shown that trustworthinessisthe key issue
for patients assessing health information. For exampl e, pregnant
women in the United Kingdom were shown to search for texts
written by medical professionals or published by medical
institutions, thus appraising authority on the basis of their trust
in academic and professional expertise [4].

Advances in prenatal screening have improved the detection
rate of fetal diagnoses of congenital heart defects (CHD) [8,9].
Following diagnosis, counseling from health professionals is
essential regarding a wide range of topics, including, for
example, the nature and conseguences of the CHD, severity,
treatments available, prognosis, postoperative complications,
and possible associations of CHD with other diseases [10,11].
Based on the information received, the pregnant woman also
has the option of and the responsibility for deciding whether or
not to terminate the pregnancy. Depending on national
legislation on termination of the pregnancy, the decision must
often be made soon after receiving the diagnosis. The process
towards an informed decision on the future of the pregnancy
involves various difficulties, including comprehending complex
medical information [12,13], ethical considerations[14,15] and
psychological distress[16]. An online survey among parents of
children with CHD revedled that 50% report that more
information at the time of diagnosis would have been helpful
[17]. To deal with this matter, pregnant women and their
partnerstry to supplement counseling from health professionals

http://www.i-jmr.org/2015/1/e4/

by using the Internet to search for information following the
diagnosis [12].

The aim of this study wasto explore central subjects of content
and to assess the accessibility, usability, reliability, and quality
of written information on publicly available information
websites about congenital heart defects following a prenatal
diagnosis.

Methods

Data Collection

In October 2013, the following key terms were entered
separately in the two most commonly used search engines, Bing
and Google[18]: “Congenital Heart Disease”, “ Congenital Heart
Defect”, “Ultrasound Heart Disease”, “Ultrasound Heart
Defect”, “Pregnancy Heart Disease”, and “Pregnancy Heart
Defect”. Theinclusion criterion wasawebsitewrittenin English
that provided patient information regarding CHD. The search
was made in incognito mode in order to minimize influence
from previous search patterns. The generated result of the search
procedure was saved, and the first 50 hits obtained for each
search procedure were screened for inclusion (N=600).
Duplicate websitesand direct linksto communities/blogs, video
materials, and scientific articles were excluded. In total, 533
(88.8%) were excluded, leaving 67 (11.2%) websites for
inclusion in the study. Figure 1 presents the selection process,
that is, key terms, hits, and excluded and included websites via
Bing and Google, respectively.

The websites we included were affiliated with independent
information websites (25/67, 37%), charity/private organizations
(17/67, 25%), hospitals/clinics (17/67, 25%), governments (4/67,
6%), medical companies (1/67, 2%), and other websites (4/67,
6%). The majority of the websites could not be attributed to an
author (51/67, 76%), whereas aminority could be attributed to
medical professionals(10/67, 15%), journalists (2/67, 3%), and
others (4/67, 6%).
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Figure 1. Selection process for the included websites (N=67; A: Scientific Article; CoB: Community or Blog; D: Duplicate; FP: For Professionals;

NR: Not Relevant).
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Data Analyses

Central Subjects of Content

A manifest content analysis [19] was performed to inductively
identify the central subjects of content of each website. Thefirst
author read the websites repeatedly. Paragraphs and statements
(meaning units) containing relevant information regarding the
content of each website were identified and grouped into
categories (central subjects). Meaning unitsin the same category
are assumed to have a similar meaning, on the basis of either
the precise meaning of text or of texts sharing the same
connotations. Thereafter, the websites were read again and
subcategories were identified, that is, common characteristics
within a larger category. Finaly, the websites were al read
through once more in order to validate the results.

Assessment of Quality

Thewebsiteswereindividually evaluated using two standardized
instruments. the DISCERN instrument [20] and the Minervation
validation instrument for health care websites (LIDA toadl,
version 1.2) [21]. Thefirst author conducted all assessments of
the websites.

The DISCERN instrument isareliableand valid instrument for
assessing the quality of written consumer health information
independent of previous knowledge of the field under research
[20]. It was devel oped with the input of an expert panel, health
information providers, and patients from a self-help group, and
has acceptable levels of interrater agreement [22]. The
instrument consists of 16 questions divided into three sections.
The user rates each question on a scale ranging from 1
(low/poor) to 5 (high/excellent), resulting in atotal scoreranging
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from 16 to 80. Section 1 includes 8 questions (score ranging
from 8-40) and assesses reliability, whereas Section 2 with 7
questions (7-35) focuses on the quality of information about
treatment options, that is, in this study continuation/termination
of pregnancy, fetal interventions, and treatments of CHD.
Section 3 consists of 1 question (1-5) and provides an overall
rating of the quality of the websites, based on the responses to
the previous questions [20].

The LIDA tool [21] assesses accessibility, reliability, and
usability of health care websites. It consists of 29 questionsand
an automated test. Each question is rated from 0 to 3 (higher
being better), and the automated test generates a score of 0-54,
resulting in a total score ranging from O to 141. The overall
score is calculated as a percentage, where scores greater than
90% represent good results and less than 50% poor results[23].
Accessibility (score ranging from 0-60) includes an automated
test of page set-up, access restrictions, and outdated code,
together with manual registration and browser tests conducted
in Apple Safari, Google Chrome, and Mozilla Firefox. Usability
(0-54) includes clarity, consistency, functionality, and
engagahility. Reliability (0-27) includes currency, conflicts of
interest, and content production.

Statistical Analysis
Descriptive statistics were carried out using R (version 3.0.1).

Results

Central Subjectsof Content

Central subjectsof content on the 67 websites were categorized
into 25 categories with 46 subcategories (Table 1).
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Table 1. Central subjects of content identified on the included websites (N=67).

Carlsson et al

Category Subcategory n (%)
Careand treatment of children with CHD 59 (88)
Surgery 59 (88)
Cardiac catheterization for treatment 48 (72)
Medications 48 (72)
Cardiac transplantation 39 (58)
Nutrition 18 (27)
Pacemaker 17 (25)
Intensive care 11(16)
Animations or illustrations of treatments 9(13)
Immunizations 3(5)
How to include cultural/spiritual beliefsin the care of the child 1(1)
Causes of CHD 59 (88)
Symptoms of CHD 57 (85)
Prevalence of CHD 54 (81)
Potential complications of CHD 50 (75)
Prenatal diagnostic/screening methods 48 (72)
Fetal echocardiography 40 (60)
Amnioscentesis 15 (22)
Chorionic villus sampling 12 (18)
Nuchal translucency scan 11 (16)
Blood tests 9(13)
Risks of invasive methods 9(13)
Umbilical cord sampling 4 (6)
Fetal magnetic resonance imaging 23
Specific CHD 48 (72)
Animations or illustrations of CHD 28 (42)
Associated anomalies 47 (70)
Normal cardiovascular system 46 (69)
Postnatal cardiovascular system 42 (63)
Cardiovascular changes at birth 35(52)
Animations or illustrations of normal cardiovascular system 29 (43)
Fetal cardiovascular system 16 (24)
Postnatal diagnostic methods 45 (67)
Echocardiography 43 (64)
Electrocardiography 42 (63)
Physical examination 42 (63)
Radiography 42 (63)
Cardiac catheterization for diagnosis 39 (58)
Pulse oximeter 25 (37)
Chemical analyses 18 (27)
Exercise test 16 (24)
L ong-term outlook and care 44 (66)
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Category Subcategory n (%)
Monitoring/Follow-up care 31 (46)
Dental care/fendocarditis prophylaxis 28 (42)
Grown-up with CHD 24 (36)
Pregnancy with CHD in mother 24 (36)
Physical activity 23 (34)
Prognosis 41 (61)
Risks of treatment of CHD 25 (37)
Common feelings following prenatal diagnosis of CHD 18 (27)
Postnatal quality of life 18 (27)
Quality of life for the child 18 (27)
Quality of life for the family 5(7)
Examples of previous cases that continued the pregnancy 16 (24)
Precision of prenatal diagnosis of CHD 16 (24)
Delivery 14 (21)
Location and planning of delivery 14 (22)
Mode of delivery 1(1
Postnatal coping with the diagnosis 13(19)
Financial issues 12 (15)
Grief and bereavement 2(3)
Information regarding siblings 2(3)
Risks of CHD in future pregnancy 10 (15)
Fetal intervention 8(12)
Presentation of the multidisciplinary team in care of the child 8(12)
Termination of pregnancy 4 (6)
Informed and personal decision 2(3)
Time limit 2(3
Feelings about termination of pregnancy 1(1)
Care during pregnancy 35
Information specifically directed to partners 1(1)

The mgjority (>70%) of the websites contained information
about care and treatment of children with CHD (88%, 59/67),
causes of CHD (88%, 59/67), symptoms of CHD (85%, 57/67),
prevalence of CHD (81%, 54/67), potential complications of
CHD (75%, 50/67), prenatal diagnostics/screening methods
(72%, 48/67), and specific CHD (72%, 48/67). A minority
(<30%) of the websites contained information about common
feelings following prenatal diagnosis of CHD (27%, 18/67),
postnatal quality of life (27%, 18/67), examples of previous
cases that continued the pregnancy (24%, 16/67), precision of
prenatal diagnosisof CHD (24%, 16/67), delivery (21%, 14/67),
postnatal coping with the diagnosis (19%, 13/67), risksof CHD
infuture pregnancy (15%, 10/67), fetal intervention (12%, 8/67),
presentation of the multidisciplinary team in care of the child
(12%, 8/67), termination of pregnancy (6%, 4/67), care during
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pregnancy (5%, 3/67), and information specifically directed to
partners (1%, 1/67).

Assessment of Quality

DISCERN

Table 2 presents means, standard deviations, and ranges of the
included websites measured by the DISCERN instrument.

In applying the DISCERN criteria to the evaluation of the
websites (Figure 2), the mgjority of the websites (>70%) were
categorized asvery poor regarding effects of no treatment (88%,
59/67), support for shared decision making (85%, 57/67),
achievement of its aims (84%, 56/67), explicit aims (82%,
55/67), risks of each treatment (82%, 55/67), how treatment
choices affect overall quality of life (76%, 51/67), and areas of
uncertainty (76%, 51/67).
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Table2. Means, standard deviations (SD), and ranges of theincluded websites (N=67) measured by the DISCERN instrument (the maximum achievable
scores in shown in brackets after each section and question).

Section (max. score)  Question Mean (SD) Range
Reliability (40) 14.7 (5.2) 8-30
Explicit aims (5) 15(11) 1-5
Aims achieved (5) 1.3(0.7) 1-4
Relevance (5) 2.6 (0.8) 1-5
Explicit sources (5) 1.8(1.3) 15
Explicit date (5) 19(1.1) 15
Balanced and unbiased (5) 2211 15
Additional sources(5) 21(1.3) 1-5
Areas of uncertainty (5) 1.4(0.8) 14
Treatment options (35) 11.1(4.9) 7-25
How treatment works (5) 22(13) 15
Benefits of treatment (5) 20(11) 1-5
Risks of treatment (5) 1.3(0.8) 15
Effects of no treatment (5) 1.3(0.8) 1-5
Effects on quality of life (5) 1.3(0.7) 1-4
All options described (5) 1.7 (0.9 1-4
Shared decision (5) 1.3(0.9) 15
Overdl rating (5) 2.1(1.0) 1-4
Total (80) 27.9(9.7) 16-53

Figure 2. Proportion of websites (N=67) categorized into five categories from very poor to excellent, for each separate question in the DISCERN

instrument.
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LIDA In applying the LIDA criteriato the evaluation of the websites

o (Figure 3), the mgjority of thewebsites (>70%) were categorized
Teble 3 presents means, standard deviations (SD), and ranges  as good regarding registration (97%, 65/67) and browser test
of the included websites measured by the LIDA tool. (75%, 50/67), whereas the majority was categorized as poor
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regarding currency (87%, 58/67), content production (84%,

56/67), and engagability (75%, 50/67).

Carlsson et al

Table 3. Means, standard deviations, and ranges of the included websites measured by the LIDA tool (the maximum achievable scores in shown in
brackets after each section and question).

Section (max. score) Subscale Mean (SD) Range
Accessibility (60) 50.7 (5.3) 37-59
Automated test (54) 451 (5.4) 31-53
Browser test (3) 2.6(0.7) 1-3
Registration (3) 3.0(0.3) 1-3
Usability (54) 325(7.1) 19-48
Clarity (18) 9.8(3.2 317
Consistency (9) 7.9(1.5) 39
Functionality (15) 10.6 (2.4) 6-15
Engagability (12) 4.2(2.6) 1-11
Reliability (27) 8.9 (5.4) 0-22
Currency (9) 2.0(1.8) 0-7
Conflicts of interest (9) 5.6 (2.9) 0-9
Content production (9) 15(2.2) 0-7
Total (141) 92.3(13.1) 61-127

Figure 3. Proportion of websites (N=67) categorized into three categories from poor to good, for the subscales and total LIDA score.
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Discussion

Principal Results

We searched the Internet with different key terms to find
publicly available patient information following a prenatal
diagnosisof acongenita heart defect. Hitsranged from 350,000
to 67,500,000 and 67 of 600 screened websites were included
in the study. Over a third (37%, 25/67) of the websites were
affiliated with independent information sources, whereas a
quarter (25%, 17/67) were affiliated with hospitalg/clinics. The
majority of theinformation on the websites (76%, 51/67) could
not be attributed to an author. A minority of the websites
contained information regarding certain prenatal aspects, that
is, common feelings following prenatal diagnosis of CHD,
precision of prenatal diagnosis, delivery, risksof CHD in future
pregnancy, fetal intervention, termination of pregnancy, and
careduring pregnancy. Furthermore, the majority of theincluded
websites were scored very poor by the DISCERN instrument
with regard to information about effects of no treatment, support
for shared decision making, achievement of its aims, explicit
aims, risks of each treatment, how treatment choices affect
overall quality of life, and areas of uncertainty. The reliability
of the included websites was poor according to both the
DISCERN instrument and the LI DA tool, particularly regarding
currency, content production, aims of website, and areas of
uncertainty. However, the accessibility and usability of the
included websites were sufficient.

The literature suggests that the overwhelming number of
websites found when searching the Web for information leads
to information overload and searching difficulties [5,12,24].
The fact that it is difficult to find relevant information on the
Internet is exemplified in this study: 39.3% (236/600) of the
screened websites were irrelevant. Thus, it is possible that
persons seeking information about CHD miss accurate and
valuable information or give up information retrieval via the
Internet because of difficultiesin finding relevant sources. This
difficulty might be enhanced by the fact that cardiologists
seldom give recommendations on websites in connection with
the diagnosis [17]. Health care professionals need to be aware
that parents of children with CHD rank information regarding
websites at the time of diagnosis as more important than
cardiologists [25]. Consequently, as health care consumers are
increasingly using the Internet to search for information [1-4],
health care professionals need to address these circumstances
and actively strive to recommend and provide accurate and
reliable high-quality information online.

It seems that the websites target families following a postnatal
diagnosis or women opting to continue the pregnancy. Previous
research suggests that induced abortion is viewed as a socially
unacceptable and stigmatizing procedure [26], independent of
state laws on pregnancy termination [27]. It could be speculated
that this perspective influenced the content of the included
websites, as few contained information regarding termination
as an option following a prenatal diagnosis of CHD.

The Internet may provide inaccurate and biased material
[5,28,29]. It isimperative that pregnant women make informed
decisions regarding whether to continue or terminate the
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pregnancy, which may be hindered by unreliable information
sourcesfound online. The majority of thewebsitesin this study
had poor reliability in a number of areas, including currency,
conflicts of interest, and content production. The importance
of current and unbiased information is especially important in
the context of the rapidly expanding and evolving field of fetal
cardiology, in order to promote informed decisions.

Health literacy, that is, the degree to which individuals have the
capacity to obtain, process, and understand the health
information and services needed to make appropriate decisions
[30], is an important concept when discussing disparities in
health information comprehension. Illustrations as acomplement
to oral information can substantially increase comprehension
of health information, are especially helpful for those with poor
health literacy [31], and are desired in connection with initial
diagnosis [12]. However, animations and illustrations were
scarce among the reviewed Web pages. It is therefore possible
that the information online is not suited for those with poor
health literacy. Health care professionals need to acknowledge
this and provide pedagogic tools to promote patient
comprehension and equal care.

Strengthsand Limitations

Thisstudy did not evaluate the scientific quality of thereviewed
websites, nor did it assessthe accuracy of theinformation found,
that is, if the included websites contained any inaccurate or
misleading information. Furthermore, it is possible that the key
terms do not fully represent the online landscape of websites
about CHD and that other results would have emerged with
different search methods. However, according to previous
research, the majority of health information seekers use search
engines as their primary source [1,32], and the search engines
used in this study are at present the most commonly used [18].
Moreover, the searches yielded 136/600 (22.7%) duplicate
websites, indi cating saturation and that the searches do represent
the online landscape.

The DISCERN instrument and LIDA tool are based on
subjective ratings. Only the first author conducted the
assessments, and this could imply poor generalizability, and
perhaps also a certain bias. The DISCERN instrument,
developed and designed to help users of consumer health
information judge the quality of written information, has been
found to be consistently understood as well as transferable to
different specialties (eg, [20,23,33,34]). Furthermore, the first
author isanurse, which could possibly indicate different views
than non-professionals and thus different scorings. However,
previous research suggests that scorings are not dependent on
previous knowledge of the specific condition [22], and it has
been concluded that health professionals score DISCERN
similarly to non-professionalswhen ng healthinformation
[33]. Taken together, we find it reasonable to assume that the
main outcomes from this study would have been similar even
with another evaluator or with more than one evaluator.

Approximately 25% (17/67) of thewebsiteswere affiliated with
hospital/clinics, and 76% (51/67) could not be attributed to an
author. Consequently, it is important to bear in mind that the
information found on the included websites may differ from
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theinformation provided by health care professionalsfollowing
adiagnosis of CHD.

Suggestions for Future Research

It remains unclear if websites about congenital heart defects
following a prenatal diagnosis contain accurate and suitable
information. This needs to be evaluated in future studies by
health professional swithin fetal/pediatric cardiology and persons
with experience of aprenatal diagnosis of a CHD.

It has been reported that expectant parents want more
information than that provided by health care professionals
following a prenatal diagnosis of CHD [17]. The results from
this study, however, indicate that existing websites do not
adequately supplement counseling. Development of an
information source via the Internet would enable expectant
parents to access accurate and tailored information that
complements the standard counseling offered today. In order
to evaluate such tools, national, or even international, research
collaborations are needed.

Easily accessible information on the Internet influences the
conditions for doctor-patient interaction [35]. What can be
communicated by the doctor, and acknowledged by the patient,
always depends on the previous knowledge and perspective that
the patient has developed in their own information seeking.
Thus, more knowledge is needed on the communication chains
in which the patients build their knowledge and understanding.
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Conclusions

Thereviewed websites do not adequately supplement counseling
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information online following diagnosis.
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Abstract

Background: Health care websites provide a valuable resource of health information to online consumers, especially patients.
Official surgical and medical society websites should be areliable first point of contact.

Objective: The primary aim of this study was to quantitatively assess medical and surgical society websites for content and
highlight the essential features required for a high-quality, user-friendly society website.

Methods: Twenty specialty association websites from each of the regions, Australia, UK, Canada, Europe, and the USA were
selected for atotal of 100 websites. Medical and surgical specialities were consistent across each region. Each website was
systematically and critically analysed for content and usability.

Results: The average points scored per website was 3.2 out of 10. Of the total (N=100) websites, 12 scored at least 7 out of 10
points and 2 scored 9 out of 10. Aswell, 35% (35.0/100) of the websites had an information tab for patients on their respective
homepages while 38% (38.0/100) had download access to patient information. A minority of the websites included different
forms of multimedia such as pictures and diagrams (24.0/100, 24%) and videos (18.0/100, 18%).

Conclusions: We found that most society websites did not meet an adequate standard for delivery of information. Half of the
websites were not patient accessible, with the primary focus being for health professionals. As well, most required logins for
information access. Specialty health care societies should create patient-friendly websites that would be beneficial to al online
CONSUMErs.

(Interact J Med Res 2015;4(1):€7) doi:10.2196/ijmr.3963
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Introduction

Advances in modern technology and communication have
resulted in anew digital age where the Internet is an important
source of information for health professionals and consumers.
The number of health care providers and consumers gaining
access to this information is expanding [1]. The Pew Internet
and American Life Project reported that 80% of adultsin the
United States of America (USA) sought health information via
search engines (Google, Bing, or Yahoo) [2]. Many specialities
have embraced this technological advance. For example, in
recent years, urology has been open to integrating the Internet
and social media as a new communication platform [3].
Although social mediahas been around for the past decade and
iswidely used in other spheres, it has not been utilised as much
in the health community, and only a small number of health
faculties engage in socia media [4]. Additionally, there is a
widedisparity inthequality of health information on the I nternet
and not all accredited and quality information is readily
accessible for the online consumer.

Official surgical and medical society websites are a valuable
resource of health information for professionals and patients.
They alow for the centralisation of information in a
user-friendly and accessible format. Within this niche of
websites, the quality of information remains variable. Our
primary aim was to systematically assess these websites for
content, quality, and delivery of health information. We also
intended to highlight the key features required for ahigh-quality
society website.

Methods

Medica and surgica society websites (N=100) were
systematically reviewed in September 2012. Websites (n=20)

Figure 1. Website content and usability scoring sheet.

Owetd

from each of the regions (Australia, Canada, Europe, United
Kingdom, and USA) were collected from various medical
(cardiology, endocrinology, gastroenterology, haematology,
infectious disease, nephrology, neurology, oncology, respiratory
and rheumatol ogy) and surgical (cardiothoracic, general surgery,
maxillofacial, neurosurgery, otolaryngol ogy, paediatric surgery,
plastics, urology and vascular) specialties. A Google search was
conducted to identify the websites using the keywords medical
or surgical specialty name, society or association, and country.
All selected websites were in English.

Rafe et a constructed aqualitative framework to assess hospital
and other medical websitesthat focused on 7 key metrics, which
are (1) content, (2) design, (3) organization, (4) user-friendliness,
(5) performance, (6) service, and (7) technical quality [5]. Using
this framework of content and user-friendliness metrics, we
constructed a simple 10-point quality appraisal tool. This tool
was designed to assess the usability of websites for health
professionals, patients, and other online consumers. The 10
points included information about procedures, drugs, and
lifestyle interventions, a frequently asked questions (FAQS)
page, pictures and diagrams, video attachments, social media
links (ie, Twitter), presence of a patient information tab on the
homepage, ability to easily download information, and inclusion
of relevant website links (Figure 1).

The variables were evaluated for statistically significant
differences between regions and specialties using the
non-parametric Kruskal-Wallis equality of population test.
Statistical significance was set at P<.05. The scores were
graphed using a box and whisker plot (Figure 2). Statistical
analysiswas performed using Statav.12.0 SE (College Station,
Texas).

Website Content (1 point per item)

Score (Out of 10)

Downloadable Information
Lifestyle Information

Drug Information
Procedural Information
F.A.Q

Links to other society websites
Picture
Videos
Twitter

Patient Information Tab on homepage

Total
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Figure 2. Webscores based on country and specialty.
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Results

A total of 100 health care society websiteswere selected in this
study with an equal number of medical and surgical specialties.
The mean points scored per websitewas 3.2 (range 0-9, SD 2.4)
and the median points per sitewas 2.5. Of the websites assessed,
12 scored at least 7 points, 2 scored 9 points, and 28 scored
between 4-6 points out of atotal of 10. The remaining 60%
(60.0/100) of websites scored 3 or less points with 9 scoring O
points (Figure 3).

Among the 5 regions, USA health care websites had the highest
mean website score of 4.6, followed by UK websites with a
mean score of 4.0. Australian and Canadian health care society
websites scored 2.7 and 2.6, respectively, while the European
health care society websites scored a mean of 2.2 points.
Statistical testing revealed a significant difference between the
regions (P=.01). When comparing medical and surgica

Figure 3. Total website scores based on points.
25

specidties, surgical speciaties had a mean score of 2.9 points
per website, while medical specialties had a mean score of 3.4
points. These scores were not statistically significant.

Of the 100 society websites, 35 (14 medical, 21 surgical)
displayed a patient information tab on their main webpage.
Links to other health care related websites were displayed on
60 websites. A minority of websites included different forms
of multimedia such as pictures and diagrams (24.0/100, 24%)
and videos (18.0/100, 18%). Aswell, 38 websites (15 medical,
23 surgical) had information that was easily downloadable
without any login reguirements, 27 (15 medical, 12 surgical)
had lifestyle intervention information, 21 (14 medical, 7
surgical) had drug information, 36 (14 medical, 22 surgica)
had procedural information, and 7 had a FAQs page. Out of 100
associations, 61 (61.0/ 61%) had active Twitter accounts and
of these, 52 (85.0/100, 85%) had direct links to these accounts
from their websites.
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Discussion

Principal Findings

Our website quality appraisal tool was initially designed to
assess the accessibility of health care society websites from a
patient's perspective. Almost all medical and surgical societies
have established official websites. These websites should be
thefirst point of reference for online health information relevant
to a particular condition covered by that specialty. However,
these websites achieved awide range of scoreswhen the quality
appraisal tool was applied. Only a few health care society
websites managed to score 7 or more points while most failed
to display adequate content and usability, thusmaking it difficult
for patients and health care professionalsto use the websites as
areliable information source.

We found that about one third of these official websites had
patient information tabs in their homepage with the incentive
being for patients to gain a better understanding of their own
medical condition or about the specialty. A number of websites
were designed with pictures (n=24) and videos (n=18) attached
to the relevant conditions discussed [6].

Other forms of multimedia such as podcasts and power point
lectures were provided more for hedlth care professionals. In
terms of drug information being displayed on websites, medical
societies had higher scores than surgical societies, while the
reverse was found with respect to procedural information. This
might be explained by the fact that medical specialties make
more use of treatments with medication rather than surgical
procedures.

Interestingly we observed that website scores varied for each
region. Both the USA and UK society websites had higher scores
than other regions. Clearly, these websites showed a more
user-friendly approach towards patients than Australian,
Canadian, and European soci ety websites. European health care
society websites scored the lowest among the other regions,
explained by the paucity of the available written and multimedia
information. However, this may also be due to the possibility
of aternative websites in other languages.

One possible reason the USA and UK websites scored highly
isthat at the time of review, about 80% (80.0/100) of USA and
UK hedlth care society websites had links to official Twitter
accounts, while only 20% (20.0/100) of the Australian and
Canadian society websites had an official Twitter account link.
Some health care societies have used Twitter as a platform to
engage with the public community or even with health care
professionals[7]. Twitter hasbeen utilised at many conferences
to engage in clinical discussions and to further the
communication outside of the conference [8,9]. Despite the
exponential increase of Twitter use in the medical field over
the past few years, these forms of socia media are till not
widely accepted in certain countries [10].

Owetd

Thereisaproliferation of medical information websites on the
Internet, most of uncertain quality. As an official society
website, the health information provided therein is considered
reliable and accurate. However, websites requiring a login to
access online information or other features may deter patients
from exploring the website any further. A possible explanation
for restricted access could be that the majority of the websites
were designed for health care professional s rather than patients.
It would be ideal if this information was more widely
disseminated to all health consumers[11]. Free accesstoonline
information could potentially be an alternative method to deliver
information and improve communications between health care
professionals and patients, thus narrowing the gap to health care
services[12].

Limitations

A limitation to the study was that some of the medical societies
had more than one official website and therefore, there was a
lack of centralisation of information. Therefore, it isour opinion
that society-association websites should be unified, although
thismay not befeasiblein certain circumstances where websites
have aready been established.

The appraisal tool used in this study was designed towards a
patient-focused eval uation rather than health care professional.
Therefore, other potential key roles of society websites that
were designed for health care have not been evaluated. Also,
this study only included English language websites and may be
biased towards regions where English is not the first language.

The presence of Twitter links to each health care society
websites were reviewed, however, the level of Twitter activity
was not assessed. Twitter activity could potentially be a better
indicator of engagement with online consumers.

Conclusions

In this era, the population of online users seeking health
information has risen, and health care societies should try to
adapt and make the transition to developing a higher standard
of website. This will engage and encourage patients to
participate in their health management rather than being a
passive recipient of health care. Creating good quality websites
by using a patient-friendly framework would be beneficial to
al online consumers. However, most society websites were
created specifically for health care professionals rather than
patients. Furthermore, these health care society websites were
often not user-friendly for the patient with some requiring a
login for information access. Although specialty health care
soci eties-associations’ websites have been established for health
care professionals, these websites need to become more
education-focused for patients if they are to be the lead voice
in their area of practice, and to improve their craft’s profile
within the wider community.
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Abstract

Background: Most of adult Internet users have searched for health information on the Internet. The Internet has become one
of the most important sources for health information and treatment advice. In most cases, the information found is not verified
with amedical doctor, but judged by the “online-diagnosers’ independently. Facing this situation, public health authorities raise
concern over the quality of medical information laypersons can find on the Internet.

Objective: The aobjective of the study was aimed at developing a measure to evaluate the credibility of websites that offer
medical advice and information. The measure was tested in a quasi-experimental study on two sleeping-disorder websites of
different quality.

Methods: There were 45 survey items for rating the credibility of websites that were tested in a quasi-experimental study with
arandom assignment of 454 participantsto either ahigh- or alow-quality website exposure. Using principal component analysis,
the original items were reduced to 13 and sorted into the factors: trustworthiness, textual deficits of the content, interferences
(external links on the Web site), and advertisements. The first two factors focus more on the provided content itself, while the
other two describe the embedding of the content into the website. The 45 survey items had been designed previously using
exploratory observations and literature research.

Results: Thefinal scale showed adequate power and reliability for all factors. The loadings of the principal component analysis
ranged satisfactorily (.644 to .854). Significant differences at P<.001 were found between the low- and high-quality groups.
Advertisements on the website were rated as disturbing in both experimental conditions, meaning that they do not differentiate
between good and bad information.

Conclusions: The scale reliably distinguished high- and low-quality of medical advice given on websites.

(Interact J Med Res 2015;4(1):€8) doi:10.2196/ijmr.3144

KEYWORDS
online health information; scale development; quality assessment; sleeping disorders; Internet intervention

: health-related information on the Internet are also growing.
Introduction Several studies show that, for health information, the Internet
Health I nformation and the I nternet is one of the primary resources [3-7]. The Internet has thus

o , become one of the most important sourcesfor health information
Internet usage is increasing strongly as more and more people and for searching health care services and treatment advice.

have accesstoit. Theincrease reachesall agegroups, including  pata show that, within agiven year, about 80% of adult Internet
older people [1,2]. As a result, the amount and the use of
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users have searched for health information [3,8]. In Germany
in 2007, 56.6% of Internet users described their use as
health-related [9]. In comparison to a previous study, Germany
was among the European countries with the highest growth in
this segment [9]. The age group searching most actively for
health information was young adults between the ages of 30
and 44 years[10]. Data a so show that, with a higher usage and
availability of the Internet in general, I nternet health usage grew
across al age groups and among both genders [9]. About 35%
of people searching for health information use the information
they find to diagnose their medical condition. Only half of these
so-called “online-diagnosers’ check their diagnosis with a
medical professional [3].

Cost and time factors make searching the Internet an attractive
aternative to seeing a doctor in a nonacute situation, as
information is available immediately and avisit to one's doctor
can be (work) “time consuming”. Individual reasons for
searching medical information might differ—some want to
prepare for amedical doctoral consultation, others seek support,
or alternative remedies to treatment advice—but the accuracy
of search resultsis significant for “online-diagnosers’. Hence,
public health authorities are concerned over the quality of the
health information available on the Internet [10]. A review on
mental disorder information websites came to the conclusion
that most scholarly articlesreport poor quality [11]. Erroneous,
misleading, or irrelevant health information provided on the
Internet can lead to wrong self-diagnosis and ineffectual or
damaging treatment attempts by the layperson, and to delayed
presentation at a general practitioner or hospital, which in turn
can maketherapy moredifficult. Thisrisk isespecialy increased
by the fact that most of the information found on the Internet
is not discussed with a medical practitioner, but rather used as
the single basis for making a decision [8,12]. In addition,
information acquired from the Web might make patients less
willing to adhereto their doctor’s advice, and thusresult in poor
health outcomes. Finally, thereis also the possihility of financial
damagesif apatient decides, based on bad advice from websites,
to buy over-the-counter medication or equipment that does not
provide remedy. Health-related decisions of individuals can be
understood as affected by health literacy, which is the ability
to understand medical information and to pass adequate
judgment in matters of health[13,14]. Theability to distinguish
good advice from bad advice can therefore be considered an
aspect of health literacy.

Sleeping Disorders

A very common medical condition in the general populationis
sleeping disorders or insomnia. About 50% of the population
complains about such problems in a given year, and it is the
most common complaint of patients after general pain [15].
Moreover, most people suffer from dleeping disorders
periodically, and often have to rely on self-treatment when not
at adoctors[16-18]. A lot of information on this condition can
be found on the Internet. This material is very diverse, and the
corpus consists of medical information, individual reports,
advertisements, as well as alternative remedies. Moreover,
producers of over-the-counter sleeping medication advertise
their products heavily. As there is so much and such diverse
information, its quality becomes difficult to judge. Additional

http://www.i-jmr.org/2015/1/e8/
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research has shown that the accuracy of health information
depends on the topic; information on more specific diseasesis
of higher quality than information on general health problems
[19]. Especidly in this context, sleeping disorders can be seen
as a condition with much low-quality information. For this
study, the whole range of sleeping disorders was incorporated,
and no selection was applied as to whether it was a primary
disease or a symptom.

Credibility of Internet Health Information

The understanding of trust and credibility factors of Internet
health information, and websitesin general, has been addressed
by research in recent years. Accordingly, various measures and
quality criteria for health information on the Internet can be
found [19-28]. An often-found approach is based on expert or
consumer ratings of health information [25,29-31]. The
DISCERN scale and its adaptation for the eHealth context are
the prime examples, assessing health information quality with
regard to patients’ treatment decisions [32,33]. In contrast, our
measuretriesto take the particular setting of Internet information
into consideration. The DISCERN scale was developed for
health or communication professionals and experienced users
who want to discriminate between high- and low-quality health
information. In contrast, our approach tried to take the particular
setting of Internet health information into consideration and
puts the average user of health information into its focus [33].
Information usage on the Internet is characterized by the short
attention given by the consumers and acomparison of different
sources [3,5,7].

A recent review described some of the tools for assessing the
quality as having limited validity [11]. Still, most of thesetools
lack empirical testing and provide mostly conceptua work [28].
Reviewsin the field mention the lack of an overall framework
to assess this domain, and the need for a feasible definition of
quality criteriafor the websites [19]. Thereis also research on
the process of how consumers assess medical information on
websites[34]. Another line of research isfocusing more strongly
on the factors which make a website with health information a
credible source for consumers [35]. Whether Internet health
information consumers are able to determine the quality of the
information found remains unanswered.

Another line of research assesses quality aspects of health
information websites through predefined key word lists
evaluating the provided metadata of websites [36]. These
measures often combine a checklist for health-relevant words
with cross checks of different websitesin thisdomain [37]. Still,
these approaches focus on information provided by the hosting
provider or institution responsible for the Internet information.
Additionally, the provided content is often analyzed for
readability and difficult wording [38]. In contrast to these
approaches, the aim of thisresearch isto investigate the ability
of individuals to distinguish the quality of health information
websites. A measure was designed within the context of German
language health information on the Internet. The medical
condition of sleeping disorders or insomnia was chosen. The
procedure for devel oping and eval uating this measure followed
mostly the structured theoretical approach of DeVells [39].
Adaptations were made when combining qualitative and
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guantitative methods for including the consumer’s perspective,
and due to I nternet-specific data collection techniques. For the
development, observations and structured post observation
interviews were used. Based on the findings, a measure was
designed. It wastested with atwo-group experimental analysis
in an Internet survey.

Methods

Preliminary Observational Study

To evaluate how a Web search is conducted, 42 naturalistic
observations of individuals searching the Internet for information
on seeping disorders were collected. The participants were
asked to search for information about sleeping disorders in
general; the search was not limited to a distinct perspective or
a certain type of sleeping disorder. Following the individual
search on the Internet, post observational, structured, in-depth
interviews were conducted to clarify users motivation for
particular search decisions and obtain additional information
on their search behavior.

Undergraduate students were instructed to contact volunteer
participantsin their neighborhood and to observe their searching
behavior. The observerswereinstructed following the guidelines
of DeWalt and DeWalt [40]. Particular focus was given to
actively observing and taking note of details which would be
relevant for the protocols, taking note of possible uncertainties
or difficulties of the participantsto be clarified in the follow-up
interview [40]. Most students contacted the participantsin coffee
shops where Wi-Fi was available and |aptops were being used.
To approach them, the student observers were equipped with
an observation sheet and interview protocols. The participants
received a short study objective beforehand. Participants were
informed that this observation was conducted by university
students for a research project on health information on the
Internet.

The research group designed afield protocol for this study in
order to capture the observed setting and contents, following
previous recommendations of Schensul et a [41]. The protocols
allowed registering the participants' sociodemographics, the

Table 1. The dimensions of the measure based on the observational study.
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search procedure, the exact search term, their selection from a
search resultslist, the length of time they remained on awebsite,
and the number of results they opened within the observation
period. These observation protocols were discussed later in an
interview with the participantsto collect additional information
on their reasons for their choices during the search. In addition,
the participants were asked for aspects they remembered from
the visited websites. According to Bogdan and Biklin, process
codes and activity codes were used to study the participants

search strategies as described in the protocols [42]. The
observation protocols were analyzed following the search
procedure of the participants. Similarities and outliers were
found by identifying the codes on conferring content equivalence
and according to the statements given by the participants.

M easure Development

Based on the conclusions of the observational study and the
interviews, a multi-item measure for the credibility of health
websites on the Internet was designed. Orientation for this study
was found in the previous work on measures of heath
information quality assessment [3,7,8,34] and literature reviews
in this field [19]. The procedure led to a scale consisting of
seven dimensions, each composed of several items, summing
up to 49 itemsin total. The items are designed in the format of
statements to which participants can concur or oppose on a
seven-point scale ranging from 1 “completely disagree” to 7
“completely agree’. This preliminary scale was criticaly
discussed within the research group, taking the literature into
account. Moreover, the singleitemswere checked and pretested
with 14 undergraduate students. If necessary, they were adapted,
leading to the final measure consisting of seven dimensionsand
45 itemsin total. The dimensions cover several aspects, which
were, in the preliminary study, identified as relevant. Among
them are more general dimensions (such aslayout of thewebsite,
textual deficits, usability, and interferences due to advertisement
banners and others) and more content-oriented dimensions (such
as atrustworthy source, the competence of the authors, and the
suitability of the given information for everyday life). The
dimensions and numbers of itemsare presented in Table 1. The
items that compose the final measure are shown in Table 4.

Dimension Number of items Interest

Trustworthiness 8 Trustworthy source
Competence 7 Content is adequate
Interference 7 Pop-up windows, advertisement
Layout 7 Presentation style

Textual deficits 8 Factor of intelligibility
Usability 4 Access to the information
Suitability 4 Implementation of the advice

Implementation of the Internet Survey

To test the developed scale, an Internet survey was designed,
comparing a group exposed to a low-quality site with another
one exposed to a high-quality site. Participants were recruited
in two weeks through a snowball system via email, social

http://www.i-jmr.org/2015/1/e8/

networks, and online-communities. It wasinitiated withasample
of 14 undergraduate students. The participants were randomly
assigned to one of thetwo conditions. The high-quality website
was rated as such by an independent German consumer
foundation involved in investigating and comparing goods and
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services in an unbiased way [43]. The other website was rated
as having low-quality content by the research group in
collaboration with deep experts. For both websites, standardized
readability formulas were used to calcul ate the general reading
level. Both websites were of medium complexity. The
high-quality website scored 52.61, whilethe low-quality website
scored 47.35 on ascale from O (easiest) to 100 (most difficult)
[44]. The content of both websites was checked for quality. The
key elements were accuracy of the medical information
provided, ease of navigation on the website, moderation by the
provider, structure and style of content, and if an advertisement
could be easily recognized as such. The content of the
low-quality website was based on avery general description of
insomnia symptoms. Moreover, no sources for the given
information were mentioned, which is why it was not clear
whether expertsor expert knowledge wereinvolved in producing
the written content. User comments were neither sorted nor
reviewed. Furthermore, it was difficult to distinguish between
linksfor auxiliary insomnia-related content and insomnia-related
advertisements. Both were genera health websites; only the
sections about deeping disorders were the subject of
investigation. For embedding the websites, aHyper Text Markup
Language (HTML) snippet with the technical restrictions was
included into the Internet survey software. HTML is a
commonly used markup language for designing Web pages.
ThisInternet survey was administered by anoncommercial and
university-based Internet survey platform. Such procedure was

Textbox 1. Theitems of the outcome measure as used in the Internet survey.
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inspired by the possibilities offered through digital media and
the widely used combinations of research design in offline
surveys.

The Internet survey incorporated the websites, and participants
had to explore the content for at least four minutes; otherwise
it was not possible to continue. The interfaces of the websites
were included into the Internet survey mask, while externa
links on the websiteswere blocked. Internal pathsleading awvay
from sleeping-disorder content were blocked. The quality
certificates shown on the high-quality website were removed.
The survey was technically pretested before being distributed.
After the website exposure, the Internet survey started. The 45
items of the credibility scale and the four items of the outcome
measure were presented to each participant in adifferent random
order. At the end of the survey, the participants were asked to
respond to questions regarding their Internet usage of health
information sites, occupation in a medical profession, and
sociodemographic information.

To measure theimpact of the website on participants' behavior,
an outcome measure was added. It consisted of four items
formulating future intention to consult the site, intention to
recommend it, etc (Textbox 1). To achieve a single measure,
theitemswere later averaged. They had the same scaling asthe
45 credibility items and were asked in random order together
with them.

Outcome measure:

| would recommend this website

| would approach this source for future questions
| can trust the information on this website

If I suffered from sleeping-disorders, | would use the given information

Data Analysis

To assess the internal consistency of the measure, a scale
reliability analysis was conducted. To check for differences
between sociodemographic groups and occupations,
respectively, Internet usage for searching medical information,
correlations was used. For reasons of sound data analysis, the
negatively worded items were reversed using the formula
NEWSCORE= (MAX + MIN) — SCORE.

Factors were identified when in the simple structure approach
eigenvalues greater than 1.0 were computed [45]. An adequate
sample size was checked, using a ratio of five cases to one
variable. Following the methodological recommendation
presented by Gerbing and Hamilton [46], first a principal
component analysis using the Kaiser Normalization and a
Varimax rotation was conducted. Moreover a Promax rotation
for the identified factors was computed to check their
correlations. For the measure of sampling adequacy, factor
loadings below .5 were excluded [47]. For al computations, an
IBM SPSS Statistics 21 software package was used [48].

http://www.i-jmr.org/2015/1/e8/

Results

Observational Study

The participants of the observational study (N=42) were mainly
male (25/42, 60%), between 21 and 40 years old, and most had
some university degree (20/42, 48%). Table 2 provides adetailed
description of these characteristics. The search timewaslimited
to ten minutes by the observers. For the follow-up interviews,
between five and ten minutes were needed.

When searching for information on sleeping disorders, all
participants used the “ Google” search engine asastarting point.
Other portalsor direct accessto websites of medical authorities
were not considered. This seemsto bein accordance with other
recent findings [3,34,49,50]. While some participants were
searching for the terms “sleeping disorders’ others added a
“condition related” term such as “treatment” or “help”. Some
participants were very effective in combining these search terms
or also using Boolean combinations and sign operators; those
that did not had more difficulty finding adeguate results, which
took more time spent in checking the result list and deciding
which website to choose. There were ten participants that
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exclusively opened resultsthat were displayed on thefirst result
page of the search engine. A page showed alist with ten results;
to see more results, participants had to navigate to the next result
page. None of the participants checked more than six result
pages. Previous research on search behavior notes that the first
results are the most likely to be looked at [34]. Sponsored links
shown before the results were not taken into consideration in
the participants’ search.

Intheinterviews, the participants were asked individually about
their personal observation protocol. They reported that the most
relevant key factor for choosing a specific website wasits name.

Table 2. Detailed sample description of the observational study, N=42.

Dubowicz & Schulz

The observation protocols showed that a simpler domain name
is more likely to be clicked, especialy if the search-term was
anintegral part of the name. Asreasonsfor staying on awebsite
and checking the provided information, most participants
mentioned a friendly layout and quality content. Commonly
mentioned reasons for leaving were disturbances by
advertisement or pop-up boxes and nonadequate information
(too general or too specific). About 15 participants stressed the
importance of a credible author, such as a governmental
ingtitution, a medical association, or professional medical
personal, as factors to open or stay on awebsite.

Participants n %
Total number, N 42 100
Gender
Mae 25 60
Female 17 41
Agegroup, years
17-20 5 12
21-30 10 24
31-40 12 29
41-50 8 19
50-62 7 17
Education
No school degree 1 2
Some school degree 7 17
High school degree 5 12
Professional school degree 5 12
In university education 4 10
University degree 20 48

Sample Description of the Internet Survey

The sample of the Internet survey contained 454 participants;
55.1% (250/454) were male, 45.8% (208/454) between 21-30
years, and about 32.2% (146/454) were still at a university.
Therewere 50.2% (228/454) that used the I nternet often or very
often to search medical information. There were 4.2% (19/454)
participantsthat reported working in the medical sector. Intotal,
the link of the survey was accessed 995 times, implying a
completion rate of 45.5% (454/995) among those who had
accessed the site. Slightly more of the 454 participants were
assigned (51.1%, n=232) to the high-quality website. Analysis

http://www.i-jmr.org/2015/1/e8/

of the participants’ Internet protocol (1P) addresses showed that
all accessed the survey from a German I nternet connection. The
IP address is a unique number assigned of the computer used
for the survey. A complete sample descriptionisshownin Table
3.

No statistically significant differences could be found between
male and female, age groups, Internet usage for health
information, and educational levels. Working in the medical
sector was negatively related to the ability to distinguish the
quality of the website, but due to the small sample size, no
further investigation can be done on this point.
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Table 3. Detailed sample description of the Internet survey.
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Participants Total Exposure to high-quality page  Exposureto low-quality page
n % n % n %
Total number, N 454 100 232 100 222 100
Gender
Male 250 55.1 111 47.8 72 324
Female 171 37.7 99 42.7 139 62.6
Missing 33 7.3 22 9.5 11 5.0
Agegroup, years
15-20 110 242 62 26.7 438 21.6
21-30 208 45.8 90 38.8 118 53.2
31-40 36 8.0 22 9.5 14 6.3
41-50 36 8.0 15 6.5 21 9.5
51-64 29 6.4 20 8.6 9 41
Missing 35 7.7 23 9.9 12 54
Education
No school degree 1 0.2 1 04 - -
In school education 26 57 13 5.6 13 5.9
Some school degree 59 13.0 37 159 22 9.9
High school degree 82 18.1 44 19.0 38 17.1
Professional school degree 4 0.9 2 0.9 2 0.9
In university education 146 322 70 30.2 76 34.2
University degree 135 29.7 64 27.6 71 32.0
Missing 1 0.2 1 04 - -
Working in the medical sector
Yes 19 4.2 6 2.6 13 5.9
No 423 93.2 217 935 206 92.8
Missing 12 2.6 9 39 3 14
Internet use for medical information
Not at all 13 29 7 3.0 6 27
1Little 39 8.6 24 10.3 15 6.8
2 86 18.9 44 19.0 42 189
3 86 18.9 45 194 41 185
4 66 145 33 142 33 149
5 83 18.3 41 17.7 42 189
6 41 9.0 20 8.6 21 9.5
7 Very often 38 8.4 16 6.9 22 9.9
Missing 2 04 2 0.9 - -

Scale Rdliability and Principal Component Analysis

By means of the principal component analysis, the different
dimensions were tested and the number of items reduced. Out
of the 45 itemsof the scale, four primary factorswereidentified
accounting in total for 65% of overall variance, and following
the analysis of the items' factor loadings and contexts, two

http://www.i-jmr.org/2015/1/e8/
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factors were recognized as content-specific and the other two
as website surrounding-specific factors. The 32 items, which
are not part of the final scale, were excluded from further
analysis as these displayed high cross-loadings, very low
loadings, or no loadings on any factors. Factor 1 accounted for
32.37% (eigenvalue 4.275) of the variance, Factor 2 for 7.96%
(eigenvalue 1.035), Factor 3 for 13.37% (eigenvalue 1.738),
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and Factor 4 for 10.83% (eigenval ue 1.408). The newly grouped

Table 4. Results of the principal component analysis.
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items are shown in Table 4.

Factors

Content-specific? Surrounding-specific?

1 2 3 4
The content convinced me. .835
The website appears to be trustworthy. 770
The website provides good information. 758
The author seems to be knowledgeable due to the academic title. 737
| learned something reading the content. .688
The text istoo long. .854
The sentences have a difficult structure. .644
Advertisements distracted me. .796
The website contains dispensable links. 732
Nothing distracts from the content. .706
The website has ablurry layout. 672
In general advertisement pop-ups help to add meaningful information. .853
In general moving advertisement help to draw attention on the content. 726

Rotation method, Varimax with Kaiser Normalizati on?

@ Extraction method, principal component analysis
b Rotated component matrix; Rotation converged in 5 iterations.

Factor Labels

Factor 1 waslabeled “ Trustworthiness’ and contained fiveitems
on the website being perceived as convincing, trustworthy, and
informative (Cronbach apha=.839). Factor 2 is “Textua
deficits” and unitestwo items on sentence length and complexity
(Cronbach alpha=.761). Factor 3, we called “Interference’; it
binds items on irritation by advertisements, links, and layout

Table 5. Factor correlations of the principal component analysis.

(Cronbach alpha=.592). Finaly, Factor 4, “Advertisements’,
is on distraction or usefulness of advertisements (Cronbach
alpha=.532).

The Promax rotation for four factors showed that there were no
correlations higher than the threshold of .32. Following
Tabachnick and Fidell [51], we continued with an orthogonal
rotation. The results of the oblique rotation are shown in Table
5.

Factors® 1 2 3

2 .256

3 -.157 -.218

4 .052 .067 .198

@ Rotation Method, Promax with Kaiser Normalization.

Differ ences Between the Conditions

The analysis showed significant differences between the high-
and the low-quality websites with regard to the perception of
three of the four dimensions, al at a P<.001 significance level.
Participants who had seen the high-quality website rated it
higher on trustworthiness and interference, but lower on textual
deficits. Regarding the fourth component, advertisements, both
groupsrated them as disturbing the users' focuson content. The

http://www.i-jmr.org/2015/1/e8/

difference and the t-value were negative, but not significant
(P=.423). The comparisons can be seen in Table 6. Taken
together, these results show that the participants were able to
distinguish the quality of medical information on the Internet
with regard to trustworthiness and interference, whereas the
low-quality site received better ratings on textual deficits. The
perception of disturbing advertisements was unrelated to both
EXPOSUres.
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Table 6. Statistical differences between the two exposures.

Dubowicz & Schulz

Components M2 SD dfP t¢ Significance
Trustworthiness (Factor 1) 778 112 452 6.970 <.001
Interference (Factor 3) .821 134 452 6.132 <.001
Textual deficits (Factor 2) -.595 122 452 -4.905 <.001
Advertisements® (Factor 4) -.107 134 452 -.802 423

&M=Mean

b df=degrees of freedom

Ct=Student’s t distribution

d Equal variances not assumed for thisitem

Impact of the Website Quality on the Outcome
Measure

Thereliability statisticsfor the four-item outcome measure (see
Textbox 1) showed aCronbach al pha=.853. To find out whether
the participants would act differently depending on the quality
of the website, an independent sample t test was conducted to
evaluate the relationship of the outcome measure (Textbox 1)
and the content quality. The Levene's test showed that equal
variances could not be assumed. Thet test showed significant
resultstysg 506=5.519, P<.001. Participantsrated the high-quality
website (mean 4.46, SD 1.37) in the outcome measure to be
better than the website with low-quality content (mean 3.73,
SD 1.46). The 95% confidence interval for the difference in
means was ranging from 0.47 to 0.99.

Discussion

Principal Findings

This research is based on the experience of average Internet
users and quantitative testing of the designed scale. Therefore,
it was possible to design a novel measure that covers, on the
one hand, similar aspects as the DISCERN scale, but provides,
on the other hand, important additional Internet-specific items.
The items of the widely used DISCERN measure are divided
into two sections that focus on the concepts of quality and
credibility of the given information [33]. The items of the
presented measure share the importance of constructs measured
inthe DISCERN, but work differently. In contrast to the existing
measure, the items’ structure in the proposed measure is more
general and easier for laypersons to assess. It is relevant by
taking the particular behavior of Internet information usersinto
consideration. Written information on the Internet can be
described asmoreviral and superficial compared to information
found on other sources of massmedia, in particular considering
the surrounding-specific factors' interference and advertisements
[35,49,50]. The proposed novel measure focuses exclusively
on the impressions Internet-users get from the consulted
websites. This notion is to date not covered by measures such
as DISCERN, but crucia for assessing the credibility
impressions of consumers. This proposed measure was
developed, therefore, to reflect the behaviors and decisions of
individuals searching for health information. In contrast to
previously mentioned measures, we did not use samples of
individuals with special expertise or professional medical

http://www.i-jmr.org/2015/1/e8/

background, but focused exclusively on average I nternet-users.
Taking together these characteristics, the proposed measure can
be combined with existing measures [36-38] on the credibility
assessment of health information on the Internet to explore, in
a next step, the user perception of the provided health
information.

Thesufficient level of scalereliability and the properties of this
measure suggest that this measure allows examining the view
of health information seekers on the provided information. The
experimental design showed that the ratings devel oped for the
scale differentiate between a high- and a low-quality website.
This makes this measure a useful tool for examining patients’
Internet searches. The measure was not designed based on
specific websites, but on the search procedures of the
participants of the observational study. Moreover, it is not
condition-specific and can be administered to all medical
information websites on the Internet. These characteristicsallow
administering the tool relatively easily in either Internet- or in
paper and pencil-based research studies. It can thus be an easy
to use measuring tool, which can be incorporated aongside
other measures. Useful apps can be found in the eHealth area
and for website testing in health campaigns.

Typical for the experimental research layout, several aspects
worked differently from what we expected. Between the two
experimental groups, the results showed that participants who
were exposed to the high-quality websiterated its credibility in
this measure higher on the factors trustworthiness and
interference, but lower on textual deficits. The unexpected
direction of the difference could be due to the different styles
of the sites. While the high-quality site had long explanatory
text parts, the low-quality site had only simple information.
Moreover, unexpected results were found on Factor 4 grouping
the advertisement items. The nonsignificant results for the
correlation of the experimental conditions seem to be reflected
within the specific item wording. In contrast to all other items
in the final measures, these items could have suggested amore
general answer by the participants, which was not limited to
the context of the website they had seen. Participants answered
this item based on their genera attitude and opinion, and
consequently, the answerswere not affected by the website they
had seen. This s reflected by the nonsignificant results of this
factor.

Most of the results regarding the rating of the different quality
of websites matched with the previous assumption of the
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research group. For this case, the measure seems to provide a
sufficient rating tool ableto produce judgments consistent with
experts categorizations. Although the testing in this study was
done on sleeping disorder websites, other conditions can be
included. Asthe measureisby its content not bound to aspecific
disease or medical condition, it can bewidely used. With respect
to the growing usage of Internet apps and Internet information
by health professionals and laypersons, the measurement
catalogueis till very limited when it comesto the combination
of content quality and medical information.

Limitations and Further Research

Initiating aresearch project with a student sample caused some
difficulties overcome by using the snowball system in order to
include participants from outside the university. still, the
average age of the sample is rather young and, therefore, does
not represent the society of Internet users. It should also be
mentioned that health information searches on the Internet are
linked to such sociodemographic characteristics as age, gender,
and health status [9,10,35]. The presented measure can only be
applied to a specific website, but it does not help to understand
other relevant determinants such as the result presentation by
the search engines. Moreover, the final measure is the result of
astatistical analysis, which showed significant effects, but lacks
further testing as a composite measure, and, therefore, should
be interpreted with caution. This research focused exclusively
on one medical condition and did not test the measure with other
conditions, which would allow proving the consistency of the
measure across different medical subjects. With regard to this
aspect, itisunclear how far the measure producesréiableresults
when considering such controversial medical topics as
vaccination or cancer treatment.

Further research with another independent sample will alow
confirming the factor structure of the scale. Moreover, it would
be possible to provide solutions to some of the limitations and
to improve the measure by defining cut-point values as
estimators for high- or low-quality content of websites. The
measure would in this way offer the possibility of addressing
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health information users on the Internet who struggle with
identifying quality websites. It would also be practical to
continue examining this measure in comparison with the health
literacy levels of participants to see whether predictors can be
found there. So far, the results showed that (formal) knowledge
did not show any differences in the research population.

Conclusions

This measure provides a practical tool, which will show its
relevance for research on health information on the Internet. In
contrast to previous attempts, this measure is designed for the
Internet-setting of this information channel and the particular
users behavior. The inclusion of the laypersons experience
into the measurement development process might be seen as
unusual, but crucialy, this brings the consumers’ perspective
into academic research. Therefore, the initially mentioned
concern of public health authorities on the quality of health
information provided on the Internet [ 10] can be answered, and
the result of this research offers a tool for assessing user
perception of content quality. Unlike other information, the
impact and the consequences of health information have the
potential to be severe. Across gender, age group, and educational
level, this measure provides a clear answer on the abilities of
participants to estimate the quality of medical information on
the Internet. Website testing can be enriched by a credibility
criterion based on the ratings of participants. Asthe amount of
medical information on the Internet increases and patients are
increasingly empowered to decide on relevant health matters,
the research link between general quality assessment and
Internet health information becomes relevant. The skill to
critically consume health information isimportant to fully make
use of the opportunities and health benefitswhich eHealth tools
offer. From a scientific point of view, the disparities, which can
be seenin health literacy levels, will probably bethe samewhen
it comesto medical information usage on the Internet. Therefore,
understanding how participants perceive medical information
onthelnternetisafirst step to identifying needs and addressing
them properly. A measureisready to be used for the assessment
of patients’ perception of credibility of eHealth contents.
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