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Abstract

Background: Mabile phone based programs for kidney transplant recipients are promising tools for improving long-term graft
outcomes and better managing comorbidities (eg, hypertension, diabetes). These tools provide an easy to use self-management
framework allowing optimal medication adherence that is guided by the patients' physiological data. This technology is also
relatively inexpensive, has an intuitive interface, and provides the capability for real-time personalized feedback to help motivate
patient self-efficacy. Automated summary reports of patients’ adherence and blood pressure can easily be uploaded to providers
networks helping reduce clinical inertia by reducing regimen alteration time.

Objective: The aim of this study was to assess the feasibility, acceptability, and preliminary outcomes of a prototype mobile
health (mHealth) medication and blood pressure (BP) self-management system for kidney transplant patients with uncontrolled
hypertension.

Methods: A smartphone enabled medication adherence and BP self-management system was developed using a patient and
provider centered design. The development framework utilized self-determination theory with iterative stages that were guided
and refined based on patient/provider feedback. A 3-month proof-of-concept randomized controlled trial was conducted in 20
hypertensive kidney transplant patients identified as non-adherent to their current medication regimen based on a month long
screening using an electronic medication tray. Participants randomized to the mHealth intervention had the reminder functions
of their electronic medication tray enabled and received a bluetooth capable BP monitor and a smartphone that received and
transmitted encrypted physiological dataand delivered remindersto measure BP using text messaging. Controlsreceived standard
of care and their adherence continued to be monitored with the medication tray reminders turned off. Providers received weekly
summary reports of patient medication adherence and BP readings.

Results: Participation and retention rates were 41/55 (75%) and 31/34 (91%), respectively. The prototype system appearsto be
safe, highly acceptable, and useful to patients and providers. Compared to the standard care control group (SC), the mHealth
intervention group exhibited significant improvements in medication adherence and significant reductions in clinic-measured
systolic blood pressures across the monthly evaluations. Physicians made more anti-hypertensive medication adjustments in the
mHealth group versusthe standard care group (7 adjustmentsin 5 patients versus 3 adjustmentsin 3 patients) during the 3-month
trial based on the information provided in the weekly reports.
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Conclusions: These data support the acceptability and feasibility of the prototype mHealth system. Further trials with larger
sample sizes and additional biomarkers (eg, whole blood medication levels) are needed to examine efficacy and effectiveness of
the system for improving medication adherence and blood pressure control after kidney transplantation over longer time periods.

Trial Registration:
at http://lwww.webcitation.org/6lgf Ca3A3).

(JMIR Res Protoc 2013;2(2):€32) doi:10.2196/resprot.2633

KEYWORDS

Clinicaltrials.gov NCT01859273; http://clinicaltrial s.gov/ct2/show/NCT01859273 (Archived by WebCite

smartphone; kidney transplantation; medication adherence; mobile health

Introduction

Background

Nearly 400,000 people living in the United States suffer with
end stage renal disease; of these, approximately 84,000 are
currently awaiting kidney transplantation [1,2]. Kidney
transplantation is the treatment of choice for eligible patients
with end stage renal disease. Kidney transplantation has been
shown to offer superior quality of life, improved life expectancy,
and better psychosocial functioning, all at less cost than
maintenance hemodialysis [3-6].

Despite numerous advances in the medical and surgical care of
transplant recipients, significant improvements in long-term
graft survival have not been realized. The current 3-year graft
survival rate isonly 81% [2] and graft half-lifeis only about 9
years [7]. Remediable factors like poor medication adherence
and poor control of comorbid medical conditions negatively
impact kidney transplantation outcomes[8-13]. Non-adherence
to prescribed medical regimens hasbeenidentified asaprimary
risk factor for graft rejection, graft loss, and death [14-18]. Even
in the absence of rejection, non-adherent patients suffer amore
rapid loss of renal function over time [17]. While the risk with
non-adherence is a continuum, even very small degrees of
non-adherence confer a significantly increased risk of graft
rejection or graft loss [16,18]. In a recent meta-analysis,
researchers found approximately 35% of American kidney
recipients demonstrate non-adherent behavior post-transplant
[19]. Non-adherence to medication regimens has been shown
to develop within just a few weeks of transplantation and its
early development increases the risk for persistent poor
adherence [16].

Although medication adherence is critical for optimal kidney
transplant outcomes, there is a dearth of research examining
interventions directed at improving adherence. A recent review
of medication non-adherence studies performed in solid organ
transplant recipients identified only 12 studies, 7 of which
involved kidney transplant recipients [20]. Intervention
approachesincluded patient or primary care provider education
and patient-focused  motivational,  behavioral, or
psychological/affective state change. Less than half of the
studies observed a significant improvement in adherence to a
single medication. Adherence was often evaluated based upon
self report and/or medication possession ratio. None of these
approaches were completely successful in reaching desired
adherence levels.

http://www.researchprotocols.org/2013/2/e32/

One approach that has shown promise involved a
telephone-delivered adherence self improvement training
program coupled with monthly feedback on adherencerates, as
measured by an el ectronic medication event monitoring system
(ie, MEMS) [21]. A novel adherence algorithm based on atwice
aday dosing schedule was used to cal culate an adherence score
based on both whether or not the bottle was opened and when
relative to the prescribed dosing time it was opened. The
intervention group had asignificantly higher overall medication
adherence score (0.88) than the standard care control group
(0.77) over the 6-month randomized controlled trial. However,
the impact of the intervention on therapeutic drug levels or
physiologic health indices was not assessed.

Following guidelines for user-centered, iterative based,
theory-guided development of empirically validated mHealth
programs and informed by reviews of prior mHealth
interventions[22,23], we conducted semi-structured interviews
with renal transplant recipients and their healthcare providers.
The objective was to gain an understanding of their awareness,
attitudes, and preferences regarding the use of mHealth
technology in assisting hedthcare delivery and patient
self-management. These findings informed the devel opment
and administration of a formal survey directed at better
understanding kidney transplant recipients’ attitudes,
preferences, and utilization of mHealth technology [24]. Of the
99 patients that completed the survey, 90% owned a mobile
phone, 52% had access to or owned a smart mobile phone, and
the majority was optimistic about the utility of mHealth
technology. After being given a demonstration of a prototype
mHealth system that was developed based upon the initial
interview findings, 90% were receptive to incorporating it into
their medical care. Based on findings from this work and
additional guidance from patients and healthcare providers, we
further refined the prototype mHealth system guided by tenants
of self-determination theory to enhance self-efficacy and
intrinsic motivation for sustained adherence with medication
intake and blood pressure (BP) monitoring [25,26]. BP was
selected as the physiologic parameter as the overwhelming
majority of kidney transplant recipients have hypertension and
many are poorly controlled [27-29].

Objective

This manuscript describes the results of a proof-of-concept
randomized controlled trial (RCT) utilizing this prototype
mHealth systemin renal transplant recipientswith hypertension.
The aims of this study were threefold: first, to assess patient

and provider acceptability (recruitment and participation rates)
and adherenceto the protocol s; second, to assess the feasibility
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of using our mHealth system to monitor and enhance medication
adherence and BP control; and third, to obtain estimates of
variability for the outcome measures and to abtain preliminary
indicators of treatment effectiveness, as necessary input for
design of afuture efficacy/effectiveness RCT.

Methods

Study Participants

Study participants were recruited from the Kidney Transplant
Clinic at the Medical University of South Carolina (MUSC),
Charleston, South Carolina. Potentially eligible study patients
were identified through weekly data extractions from the
appointment database. Initial inclusion criteria were (1) first
time recipient of a functioning solitary kidney transplant
performed 3-months earlier, (2) prescribed a total of at least 3
medications for immunosuppression and hypertension, and (3)
transplant physician’s assent that patient is able to participate.
Exclusion criteria included: (1) inability to self-administer
medications, (2) inability to measure own BP, (3) inability to
use a mobile phone, (4) history of psychiatric illness or
substance abuse, (5) pregnant, lactating or intention of becoming
pregnant during the trial, (6) participant in another study, (7)
inabilities to speak, hear, or understand English, and (8) poor
cellular coverage in their home.

Prototype mHealth System

The prototype mHealth system consisted of a wireless GSM
electronic medication tray (MedMinder, Maya, Inc, Needham,
MA)[30] (see Figure 1), a wireless bluetooth enabled BP
monitor (FORA D15b, ForaCare Inc, Newberry Park, CA)[31],
and a smartphone (Droid X, Motorola, Schaumburg, 1L)[32].
The medication tray plugsinto an ordinary 110V outlet, has 28
compartments (up to 4 doses per day for 7 days), time stamps
compartment use, and provides customizable reminder signals.
At the prescribed dosing day and time a blinking light from the

Figure 1. Electronic medication tray (MedMinder).
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specific dose compartment was activated. If, after 30 minutes
that compartment had not been opened, removed , and returned,
a loud chime automatically activated for 30 minutes. If the
compartment still had not been opened, an automated reminder
phone call or text message was delivered to the subject’smobile
phone. Failure to open the compartment at 90 minutes also
generated an automated text message or email that was delivered
to the study coordinator. Patients were sent text messages every
3 days as a reminder to measure BP using the FORA device
using the standardized resting BP protocol (described below).
Blood pressure readings (FORA D15b)[31] were automatically
sent via bluetooth to a mobile phone (Motorola Droid X)[32]
and from there, via cellular network, to the data repository. No
patient names were transmitted and no identifying information
was stored on the smartphone. Patients were contacted via the
patients preferred mode (text, email, or phone) when alerts
indicated medication non-adherence, failure to measure BP as
scheduled, or that measured BP was outside of threshold ranges
established by the patient’streating physician. In the event that
BP readings were outside of safe ranges, the study coordinator
was alerted who then contacted the patients and instructed them
to obtain additional BP measurements. Persistently unsafe BPs
were immediately reported to the treating physician. A weekly
summary report, tailored to the treating physician’'s preferences,
was delivered via email and summarized each subject’s
adherence to medication dosing and BP monitoring, as well as
breakdown of the BP readings that included systolic and
diastolic averages along with the percent of readings that fell
into normal and the various stages of hypertension (stage 1
pre-hypertension through stage 2 hypertension). The treating
physician made adjustmentsto the medical regimen asindicated
and notified the study coordinator of the changesviaemail. Any
changes made by the treating physician were mirrored in the
programming of the medication tray after the study coordinator
confirmed with the patient that the changes had been enacted.

http://www.researchprotocols.org/2013/2/e32/
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Calculation of Adherence Score

A detailed description of Russell et al’'s adherence score
calculation is avalable elsewhere [33]. We employed a
modification of her algorithm to alow for dosing schedules
other than twice daily. Our subjects were instructed that to be
considered fully adherent their medications had to be taken
within a3-hour window centered on the prescribed dosing time.
A dose taken within the 3-hour window resulted in afull score
for that dosing time; a dose taken outside the 3-hour window
but within a 6 hour window resulted in a half score for that
dosing time; and missed dose resulted in a score of 0. Each
subject was assigned score from 0.0 to 1.0 for each day. The
scores for each subject were averaged over each month.

I dentification of Non-Adherent Subjects

Patientswho met initial eigibility criteriaand provided informed
consent were enrolled in a 30-day screening period using the
medication tray with its reminder functions disabled. Subjects
were given an individual demonstration of how to properly use
the medication tray. They were required to demonstrate
successful use of the device before completion of their
enrollment visit. They worked out tactics with the study
coordinator to increase adherence (eg, desired location for
device, establishing the protocol as part of daily routine). They
received written and oral instructions that to be considered
adherent they must take their medications within 90 minutes
on either side of the prescribed time. After confirming successful
connection with the server, the tray was programmed to
accurately reflect the subjects’ medication dosing schedule. At
the conclusion of the 1 month screening period our modification
of the Russell et al adherence algorithm was used to calculate
an adherence score for each subject. In order to construct a
non-adherent study population only participants identified as
having an adherence score of <0.85 for the month were eligible
for randomization into either the mHealth group or the standard
care group.

A total of 55 patients were approached for initial recruitment
and 41 consented to participate (41/55, 75%)(See Figure 2.
CONSORT flow diagram [34]). Of the 14 that declined to
participate, 6 stated that they were already adherent with the
medication regimen and didn’t need to participate. The other 8
that declined cited concernswith time, travel, and the bulkiness
of the medication tray. Each participant provided written
informed consent and received gift cardsfor their participation.
A single subject withdrew after consent but before entering the
screening period due to concerns about travel related to the
study. Therewere 5 subjectswho were removed from the study
early after enrollment due to technical issues that were most
often related to inadequate cellular phone signal strength at their
home. A single subject was removed from the study during the
1-month screening due to graft failure and areturn to dialysis.

http://www.researchprotocols.org/2013/2/e32/
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Of the 34 subjects that completed the screening phase, there
were 7 with an adherence score >0.85 and were ineligible for
randomization. Only 3 of the remaining 27 declined to be
randomized into the second phase of the study. From the 3, 2
declined cited time concerns while the third did not explicitly
state their reason for withdrawing. There were 3 subjects with
adherence scores <0.85 who were not randomized because the
study had reached target enrollment and 1 subject was
withdrawn after randomization due to difficulties with clinic
scheduling. Theremaining 20 subjectswererandomly assigned
to either the mHealth intervention or to standard care.
Demographic and transplant-related clinical characteristics of
the study participants are summarized in Table 1. The study
was approved by the ingtitution’s ingtitutional review board
(Clinicaltrials.gov: NCT01859273).

Standard Care Control Group

The standard care (SC) control group received standard care at
the MUSC kidney transplant clinic, which includes visiting the
clinic every 4 weeks to 6 weeks depending on the medical
indication and time since transplantation. Standard care also
includes education on all mattersrelated to post-transplantation
medical care and 24-hour phone availability of transplant
coordinators. Participants randomized to the SC group continued
to usetheir medication tray, with itsreminder functions disabled,
for an additional 3 months.

mHealth Group

The participants randomized to the mHealth group used the
prototype mHealth system, described above, for 3 months. The
reminder functions of the medication tray were enabled. The
subjectsin the mHealth group were provided instruction on the
use of the FORA device[31] and the smartphone [32] and were
required to provide a successful demonstration before
completion of their visit. Technical support was available by
phone throughout the study. At the conclusion of the study,
subjects completed a brief questionnaire assessing their opinions
of the mHealth system [35].

Clinic Resting BP

Evaluations were conducted at pre-intervention and again at
months 1, 2, and 3. Patients were seated upright with right arm
resting on atable at heart level and aproper cuff sizewasfitted.
The FORA D15 [31] device was used to take the BP
measurements. A reading was immediately taken, and after 5
minutes rest, 2 additional readings were taken separated by a
2-minute interval. The average of the last 2 readings was used
in the analyses. Subjects in the mHealth group used this same
protocol at home for BP self-monitoring. Where a protocol BP
was not available, a registered nurse measured clinic BP from
the same day was substituted (9 of 76 measurements).
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Figure 2. CONSORT flow diagram. A mobile health medication adherence and blood pressure control proof-of-concept trial in renal transplant

recipients.
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Results

Demographic and Clinical Characteristics

The baseline demographic and clinical characteristics of the 2
groups of patients are shown in Table 1. The subjects are
representative of the patient population in the MUSC Kidney
Transplant Clinic. Although subjects were randomly assigned
to treatment condition an independent t test t;; =3.23, P=.002
revedled participants in the SC group (57.6 SE=8.3) were
significantly older than mHealth group members (42.4 SE=12.0).
However, participants did not differ significantly on months
since transplant (P=.09) or number of prescribed medications
(P=.09).

http://www.researchprotocols.org/2013/2/e32/

Anaksed (n=10)
¢+ Excluded from analysis (n=10]

Acceptability and Feasibility

The acceptability of patients' participation in either the mHealth
or standard care protocol was high with 75% (41/55) of patients
approached agreeing to participate in the study. Of the 14 that
declined to participate, 6 felt that they were “too adherent” to
participate, with the other 8 refusing over concerns that either
the electronic medication tray was “too bulky”, that they were
“too busy”, or that they would have to travel too much. There
was 1 patient who consented but withdrew prior to enrollment
duetoissueswith travel. There were 6 subjectsdid not complete
thelead-in phase, 5 for technical reasonsrelating to poor cellular
signal at their home, and 1 subject was withdrawn due to graft
failure necessitating areturn to dialysis. Of the 34 subjects that
completed the lead-in phase, 7 had adherence scores >0.85 and
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were ineligible for randomization and 3 were not enrolled due
to full enrollment quota (n=20) being reached. Only 3 subjects
declined randomization citing time concerns. Of the 21 subjects
randomized, 1 was withdrawn for scheduling conflicts; the
remainder completed the second phase of the study. There was
1 participant who experienced technical failure of the medication
tray during month 3 and was excluded from medication
adherence analyses.

The mHealth group reported high overall satisfaction with the
mHealth system (average score 4.8/5 point Likert scale: 1=

Table 1. Descriptive characteristics of sample.

McGillicuddy et a

strongly disagree-5 = strongly agree). The mHealth system was
easy for the subjects to learn to use (4.7/5) and easy to usein
their home (4.8/5). They also found the system useful for
medication and health management (4.3/5).

Physicians of the mHealth subjects received weekly reportsvia
email detailing their patients' adherence rates and average blood
pressures. Armed with the information provided, physicians of
mHealth patients prescribed more medication changes to
anti-hypertensive medications (7 changes in 5 patients) than
controls (3 changesin 3 patients).

mHealth (n=9) Standard Care (n=10)
Agein years (SE) 42.44 (12.04) 57.6 (8.28)
Ethnicity
Black 6 8
White 3 1
Hispanic 0 1
Gender
Male 4 7
Female 5 3
Marital Status
Never Married 4 1
Married 5 9
Income
<$15,000 2 2
$15,000-$29,999 2 4
$30,000-$49,999 1 2
$50,000-$74,000 1 1
No Answer 3 1
Months since transplant (SE) 6.33(2.2) 4.8 (2.6)
Number of Medications (SE) 12.6 (2.7) 14.9 (4.5)

Medication Adherence

Screening Period

The average adherence score for all subjects who completed
the screening period was 0.63 (SE=0.18) and ranged from high
of 0.94 to low of 0.26, those who scored > 0.85 had an average
of .90 (SE=0.31) and those who scored < .85 had an average of
0.57 (SE=0.14). The 3 subjects who were €ligible to be
randomized but refused to continue into the trial had average
score of 0.57 (SE=0.12)

Trial Phase

The mean monthly adherence rates from pre-intervention
screening through study completion by treatment group are
presented in Table 2. M edi cation adherence was examined using
a2 (treatment group: mHealth, SC) x 4 (time: pre-intervention,
1, 2, and 3 months) repeated measures analyses of variance
(ANOVA). The repeated-measures ANOVA vyielded a

http://www.researchprotocols.org/2013/2/e32/

significant group by timeinteraction F3 44=11.74, P<.001, partial
n°=.42 and a significant main effect for time F345=32.81,

P<.001, partial n?=.673 suggesting that although there was a
significant difference across groups at al visits the magnitude
of adherence differences increased after baseline. Post-hoc
examination of Bonferroni adjusted confidence intervals
revesaled that the mHesalth group did not differ significantly at
basdline but displayed significantly higher medication adherence
rates compared to the SC during each month following the
pre-intervention screening (all Ps<.05). It isimportant to note;
1 subject in the mHealth group was omitted due to technical
malfunction with the system at month 3.

Resting Blood Pressure

Resting BP was examined using 2 (treatment group: mHealth,
SC) by 4 (time: pre-intervention, 1, 2, and 3 months) repeated
measures ANOVA. A significant group by time interaction was
observed for systolic BP (SBP), F35,=4.33, P=.009, partial
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n2=.20. Further post-hoc examination of Bonferroni adjusted
confidence intervals revedled that the mHeath group
demonstrated significantly lower SBPs compared to the SC
control group at months 1 and 3. A display of group separation
over time is shown in Figure 3. Groups were not significantly
different at baseline or month 2. Results for diastolic blood
pressure (DBP) also revealed a significant group by time
interaction F3 5,=4.58, P=.006, partial r]2:.212. Although groups
wererandomly assigned based on prescreening adherence, 95%

McGillicuddy et a

confidence intervals revealed DBP values were significantly
different at baseline with those randomized to the mHealth
group having an average DBP approximately12mmHg higher.
Groupswere also significantly different at month threewith the
mHealth group still revealing significantly higher DBP than
SC. Overall, the mHealth group showed anon-linear declinein
DBP across months 1-3, while the SC group showed an initial
increase at month 1, dlight reductions at months 2, and ended
with aslight increase at month 3. The pattern of changes across
groupsis shown in Figure 4.

Table 2. Medication adherence by time across treatment condition (Bonferroni adjusted 95% confidence interval§Cl]).

Medication Adherence by Time mHealth (n=9) Standard Care
Across Treatment Condition (n=10)
Mean SE Cl (95%) Mean SE Cl (95%)
Basdline 576 .048 AT4-677 .500 .046 .404-.597
Month 1 .87.4 .046 J777-.970 .533 .043 442-.625
Month 2 .929 .040 .844-1.014 .587. 038 .507-.668
Month 3 .945 .037 .865-1.025 574 .036 .498-.650
Figure 3. SBP across time by treatment group (mean with Bonferroni 95% Cl).
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Figure 4. DBP across time by treatment group (mean with Bonferroni 95% Cl).
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Discussion

Summary

The development of effective, efficient, and non-intrusive
approachesto aid kidney transplant recipients sel f-management
and monitoring is critical to success as limited health care
provider resources are increasingly taxed by growing demand.
Mobile phone based monitoring is an attractive option due to
their ubiquity, connectivity, computational power, portability,
and relatively low cost [23,36-38]. Recent studies have
supported remote monitoring via mobile heath (mHealth)
technology as an effective and sustainable strategy for
facilitating patient-provider communication, increasing
adherence to medical regimens, optimizing control of medical
conditions, improving health outcomes, and reducing costs in
some chronic illnesses [22,23,36,39-44]. While the evidenceis
mixed at present as to the cost effectiveness of mHealth
technology [45], it seems reasonable to hypothesize that it will
become so as the cost of the technology decreases and the
long-term health benefits are realized. Furthermore as penetrance
of the smartphone technology increases, it seems likely that
there will be an increasing demand for this type of health care
delivery from consumers.

We employed a patient and provider-centered approach to the
development of our theory-driven mHealth prototype that
allowed usto deliver asystem that was highly acceptable to our
target population. Feedback elicited prior to study enrollment
from key informant interviews and aformal survey study [24]
helped inform the study design and facilitated its acceptability

http://www.researchprotocols.org/2013/2/e32/
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and usability. Seventy-five percent (41/55, 75%) of the patients
approached agreed to participatein thetrial. Nearly half (6/14)
of those who declined did so because they felt that they were
aready highly adherent to their medication regimen. Only 9%
(3/34) of the subjectswho completed the lead-in screening phase
and were eligiblefor participation in the trial were unwilling to
continue. All 20 of the randomi zed subjects completed the studly.
The high rates of participation and device utilization suggest
that our subjects found the mHealth system to be useful and
easy to use, which was confirmed by their responses on the
satisfaction and usefulness survey. We intend on conducting
focus groups with providers and patientsfor guidancein further
refinement of the mHealth prototype system.

Our study employed a 1-month lead-in to identify patientswith
poor adherence prior to randomization. Despite al subjects
self-reporting high levels of adherence, 78% of those screened
were documented to have adherence rates below the cutoff of
0.85, arelatively liberal standard used by Russell et al [21] for
patients on immunosuppressant medications. These findings
are consistent with the literature that indicates self-report data
overestimates obj ective measures of medication adherence [46]
and that medi cation non-adherenceisasignificant problem after
renal transplantation [19]. Russell et a used a face-to-face
cognitive behavioral medication self-management training
program to improve obj ective adherence from 0.72 to 0.88 over
a 6-month trial. This improvement is, to date, the most
significant reported in the literature for kidney transplant
recipients. Our goal wasto achieve acomparable improvement
using a simpler mHealth-based approach. While Russell et a’s
study provided feedback to the patients on amonthly basisthere
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was no mechanism to intervene in real time asthe MEMS cap
adherence data were only available after being downloaded at
the time of the monthly clinic visit. In contrast, the MedMinder
device provided an opportunity for real time intervention and
feedback. The capacity to intervene shortly after anon-adherent
event and to provide timely reinforcement and motivational
feedback based upon adherence levelsis perhaps the most novel
and effective aspect of this trial. Should the improvements in
medication adherence prove to be sustainable in longer trials,
the rather smple and highly acceptable automated mHealth
program has the potential to help resolve what has been avery
challenging problem in solid organ transplantation.

In addition to monitoring and encouraging medication
adherence, our study investigated the effect of our mHealth
prototype on BP control. Blood pressure served both as a
surrogate marker of adherence and asameaningful physiologic
indicator of the impact of improved adherence. To our
knowledge, no prior study in kidney transplant recipients has
simultaneously evaluated the impact of amHealth intervention
on both medication adherence and a relevant physiologic
parameter. We observed statistically significant and clinically
relevant reductionsin clinic based systolic blood pressure (SBP)
in the mHealth group compared to the SC control group.
Previous BP self-monitoring trials have observed significant
BP reductions but the degree of reduction observed in the
present trial was far greater (eg, SBP reduction at 3 months:
average of -20.3 mmHg versus -8 mmHg across previousRCTs
[47-49]. Collectively, the degree of sustained BP reductions
observed is quite remarkable given the relative simplicity of
the mHealth program compared to the multi-modal face-to-face
educational and cognitive behavioral skills based approaches
used in previous RCTs[47-50]. We anticipated that our mHealth
intervention would lead to more timely adjustments to the
subjects’  antihypertensive medication regimens. This was
confirmed as mHealth patients were prescribed more
anti-hypertensive medication changes (7 changesin 5 patients)
than controls (3 changesin 3 patients). For the 5 subjectsin the
mHealth group who were not prescribed a medication change,
BP substantially improved as their adherence increased. This
finding can be interpreted as further evidence that, when
managing chronic illnesses, the problem is not necessarily that
the prescribed medi cations are not working, but that the patients
are not taking them correctly.

These findings must be evaluated within the context of severa
limitations of the study. First, all subjects were recruited from
a single transplant center which may call into question the
generalizability of the findings. However, this center isthe sole
transplant service provider for the State of South Carolina and
has a catchment population of over 4.6 million persons that
encompass a wide range of ethnic, educational, and
socioeconomic backgrounds. Second, that the randomly assigned
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groups differed significantly in age and adherence prior to the
intervention raises questions about the validity of the
conclusions. However, within groups age and adherence were
not significantly correlated suggesting that age was not
responsible for the differences in adherence and BP between
our treatment groups. Third, those who chose to participate in
themHealth based RCT might be predisposed to amore positive
attitude toward mHealth and thereby introduce a positive bias.
That 75% of those approached agreed to participate suggests
that a significant bias toward mHealth is unlikely. Fourth, it
cannot be assumed that the subjects’ willingness to use the
system can be divorced entirely from the fact that the prototype
system was freely provided and that they received a small
financial reimbursement for their travel costsand timefollowing
each clinic evaluation. That many of the subjects asked to
continue using the prototype following completion of the trial
argues against the financial incentive playing a pivotal role but
does not address the question of whether or not they would be
as eager to use the mHealth system if it meant spending their
own money. Although previous work by this group has
documented that nearly 50% of our patient population own
smart mobile phones[24], it seemslikely that the $45 per month
cost of the MedMinder device would prove prohibitive to a
largefraction of our patients. Finally, it isimportant to note that
our experiences with the MedMinder devices themselves
represent a significant limitation to the broader application of
this protocol. We experienced a significant device failure rate
of approximately 23%. Without the dedicated attention of our
study coordinators and IT personnel, this failure rate would
have undoubtedly led to agreat deal of patient frustration with
the study and poor subject retention.

Conclusion

To our knowledge, thisis the first randomized controlled trial
inkidney transplant recipientsthat has simultaneously examined
the use of real time medication reminder and monitoring devices
along with wireless measurement of relevant physiological
indices to facilitate timely reinforcement based on adherence
levels. This study is an early step in our efforts to develop an
empirically validated, efficacious, and cost effective mHealth
approach dedicated to improving medication adherence, blood
pressure control, and minimizing clinical inertia in kidney
transplant recipients. In our target population of kidney
transplant recipients, our prototype mHeath system was
acceptable and resulted in significant improvements in
medication adherence and BP control. Although this RCT was
not powered to detect an impact on graft function, graft fibrosis,
or regjection, the impact on medication adherence and blood
pressure control warrant further study. The expected next steps
will include asinglesiteefficacy RCT followed by alarge-scale
multi-site effectiveness RCT with longer foll ow-up evaluations.
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Abstract

Background: Many studies have shown the effectiveness of self-management for patients with asthma. In particul ar, possession
and use of awritten asthma action plan provided by a doctor has shown to significantly improve patients asthma control. Yet,
uptake of awritten asthma action plan and preventative asthma management is low in the community, especially amongst adults.

Objective: A Web-based personally controlled health management system (PCHMS) called Healthy.me will be evaluated in a
2010 CONSORT-compliant 2-group (static websites verse PCHMS) parallel randomized controlled trial (RCT) (allocation ratio
1:1).

Methods: The PCHMS integrates an untethered personal health record with consumer care pathways and social forums. After
eligibility assessment, a sample of 300 adult patients with moderate persistent asthmawill be randomly assigned to one of these
arms. After 12 months of using either Healthy.me or information websites (usual care arm), a post-study assessment will be
conducted.

Results: The primary outcome measure is possession of or revision of an asthma action plan during the study. Secondary
outcome measuresinclude: (1) adherenceto the asthmaaction plan, (2) rate of planned and unplanned visitsto healthcare providers
for asthma issues, (3) usage patterns of Healthy.me and attrition rates, (4) asthma control and asthma exacerbation scores, and
(5) impact of asthma on life and competing demands, and days lost from work.

Conclusions: This RCT will provide insights into whether access to an online PCHM S will improve uptake of awritten asthma
action plan and preventative asthma actions.

Trial Registration:  Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12612000716864;
https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx?d=362714 (Archived by WebCite at
http://www.webcitation.org/61 Y BJIGRnW).

(JMIR Res Protoc 2013;2(2):e28) doi:10.2196/resprot.2695

KEYWORDS

asthma management; I nternet intervention; personalized health record; personally controlled health management system; eHealth;
asthma action plan
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Introduction

Background

Around 300 million people worldwide currently suffer from
asthma[1]. The mortality caused by asthmais significant since
a global estimation attributes to this disease about 1 in every
250 deaths[1]. Living with asthmais also difficult. People with
asthmareport worse health and quality of life than those without
asthma[2,3].

Sol utions have been devel oped to hel p people with asthmacope
with their condition [4]. One of the key elements to optimal
asthma management is to achieve good control of the disease.
To achieve that, patients knowledge in recognizing asthma
symptoms, identifying risk factors, using medication, and
managing asthma exacerbations is important. Further, the
relationship between patients with asthma and healthcare
providers is crucial to develop an efficient asthma
self-management plan [5].

One of the most useful tools in facilitating effective asthma
self-management isthe use of an individualized written asthma
action plan, which describes different tailored steps of actions
for the patient to follow according to their asthma severity.
Written asthma action plans are claimed to be one of the most
effective means for asthma self-management in severa
systematic reviews [6-8]. A Cochrane review by Gibson and
colleagues concludes that use of awritten asthma action plan,
combined with regular visits to the doctor and education about
asthma, leads to fewer visitsto the emergency department, less
hospital admissions, better lung function, and improvement on
symptoms [6]. Online social networks and personal health
management systems represent an innovative intervention to
help patients engage with clinicians, health services, and
self-management [9]. Despite strong evidence for the efficacy
of written asthma action plans, they are widely under-used.
Even after over 20 years of recommendation, only about onein
5 people with asthma have a written asthma action plan [10].

In Australia, the prevalence of asthma s particularly high and
represents one of the highest in theworld [2,3]. Morethan 1 in
10 adultsand children is estimated to be suffering from asthma,
representing more than 2 million Australians [2]. Although
prevalence of asthma has declined over the last decade, the
mortality caused by this disease remains significant with 411
peopl e reported to have died from asthmain 2009 in Australia.
According to a survey from the Australian Council of Asthma
Monitoring in 2007 and 2008, only 21.3% of all-age patients
with asthmaare reported to possess awritten asthmaaction plan
[2,3]. Thisrate dropped to 14.4% when considering a subgroup
of people aged 15 years and over [2].

There are a number of explanations for the under-usage of
written asthma action plans by patients. Firstly, the diagnosis
of asthma may not have been made in primary care where
symptoms have been treated, if the disease is not labeled then
patients may not be provided with long-term self-management
tools [11]. When asthma is properly diagnosed, some health
professionals provide patients with oral instruction instead of
aformal written asthma action plan [12]. Others may consider
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asthma action plans as inefficient tools because of a lack of
information and a difference of perception of asthma between
patients and doctors [13,14]. From the patient’s point-of-view,
asthma action plans can aso be perceived as irrelevant or be
under-used because of a passive attitude toward their asthma.
This can prevent them from taking personal control of their
asthma [15,16]. Finally, another reason could be that patients
do not visit healthcare professional s to obtain or to update their
asthma action plan, or do not ask for it when they see their
genera practitioner [15].

For asthma, Internet-based self-management appears to be a
promising approach to improve control of thiscondition[17-21].
The aim of this study is to test a Web-based personally
controlled health management system (PCHMYS), in supporting
consumers with asthma to encourage the uptake and use of a
personal written asthma action plan, and to proactively seek
self-management advice and schedule planned genera
practitioner (GP) visits before experiencing an asthma
exacerbation. The PCHMS, called Healthy.me, has been
previously tested with patients undergoing in-vitro fertilization
(IVF) [22], in arandomized controlled trial to improve uptake
of influenza vaccination [23,24], and amongst university
students about help-seeking behaviors for physical and
emotional well-being [25,26].

Study Aims and Hypotheses
Specific hypotheses to be tested in this study are that:

1. Consumers using a Web-based PCHMS with interactive
and social featuresare morelikely to follow evidence-based
guideline recommendations for asthma management, as
measured by the rates of obtaining or updating a written
asthma action plan with their GP and the usage rates with
the asthma action plan, measured by questionnaires;

2. Useof aPCHMSwill contributeto improved asthmacontrol
and reduced rates of asthma exacerbation compared to those
using only static websites (usual care arm).

Methods

Study Design

A randomized controlled trial with a 2-group parallel design
(with intervention allocation ratio 1:1) will be used to evaluate
the efficacy of the Web-based PCHM S Healthy.me, reported
in accordance to the 2010 CONSORT statements
[27](ACTRN12612000716864). The PCHMS is not part of
usual care but aims to improve usual care as measured by
compliance to evidence-based guidelines.

«  Participantsrandomized to theintervention group will have
immediate access to an interactive version of Healthy.me
with full PCHM S features as described | ater, from the date
they are recruited.

«  Participants randomized to the control group will receive
accessto astatic webpage, without PCHM Sfeatures or any
interactive component. This webpage will offer links to
Australian information websites about asthma.
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Participants

Participants meeting eligibility criteria will be invited to use
Healthy.me for 12 months. Participants will be assigned to
intervention (access to Healthy.me) or control (access to static
website) by random allocation generated by a computerized
random-number generator [28]. Participants may be randomly
selected to attend a 1-hour interview (or focus group) to discuss
their asthma management and feedback at the end of the study.
The participant inclusion eligibility criteria are as follows: (1)
aged 18 or above, (2) living in Australiaat the time of the study,
(3) easy access to the Internet and email on aregular basis, (4)
doctor diagnosis of asthma, and (5) adequate English reading
and written ability. Participants currently enrolled in other trials
of Healthy.me are excluded.

Recruitment Strategy

The recruitment of participants will be made possible with the
assistance of Asthma Foundation Australia, the National Asthma
Council Australia, and other consumer groups which have an
online presence, to advertise our study using their existing
participant engagement methods (ie, el ectronic newsl etters and
website). Because the study requires participants who are
familiar with the use of the Internet, special emphasis will be
given to Internet-based recruitment. Calls for research
participants will be made on Google, Facebook, Twitter, and
other online/social media on a regular basis, as well as on an
online notice board (Gumtree Australia). It will aso be possible
that some participants will be recruited by others participants
(snowballing sampling) via sharing in social networks, and
thanks to the “invite afriend” feature they will be able to use
on Healthy.me website.

Interested participantswill be directed to awebsite with detailed
information about the study. All consenting participants (control
and intervention) will then be directed to a secure website to
complete an eligibility screening survey.

Ethical Concerns and Consent

Ethics approval for this study has been obtained from the
University of New South Wales (UNSW) Human Research
Ethics Committee (approval no. HC12213), and from the
National Research and Evaluation Ethics Committee of the
Roya Australian College of General Practitioners (RACGP)
(approval no. NREEC 12-005). Eligible participants will
complete their written consent form online; the revocation of
consent form is also available online.

Intervention and Control

All participant volunteers responding to the invitation are
required to register online by providing consent, completing a
3-minute eligibility questionnaire. Those eligible will then be
invited to complete a 10-minute online pre-study survey and to
watch a 3-minute online tutorial about Healthy.me. All eligible
participants will also complete a 5-minute monthly survey
during the study and a 10-minute post-study survey at 12
months. The control and intervention arms of the trial run
concurrently, meaning that the randomly allocated participants
of thetrial will be exposed to the same environmental condition
(eg, season), and the same background of public health
campaigns.
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Description of I ntervention
Healthy.me consists of the following features:

Personal Health Record (PHR). Allows for self-recording
of medical test results and health measurements.

2. Pillbox. Allows for self-recording of current medications
and medication adherence.

3. Schedule, to-do list, and reminders. An online schedule to
self-record and keep track of health-related appointments,
to-do items, which sends email reminders, and allows
participantsto book appointmentswith their health service
providers.

4. Team. A feature that allows the self-recording of clinical
and non-clinical personnel looking after one's health.

5. Journeys. Consumer-specific care pathways that provide
knowledge for hedth service engagement and
self-management in an actionable way. These pathways
describe the different stages in the management of health
conditions that can be used to personalize other PHR
sections in the system, and provides advice on what to
expect and how to prepare for each stage (Participants in
this study will have access to three asthma management
journeys with content developed in collaboration with
Asthma Foundation NSW, and adapted from its website
[29]).

6. Social communication spaces. Support rich interaction
across the continuum of care between participants and
clinicians. The featuresinclude: (1) apoll systeminwhich
participants will be able to answer simple health-related
guestions and compare their response with other
participants’ aggregated and de-identified responses; (2)
ability to send and receive email messages with other
participants on Healthy.me; (3) diary which offersaprivate
place (by default but with the possibility to share with other
participants) for participants to write down their thoughts
and feelings; and (4) forums (moderated by a GP and the
research team).

7. Online appointment booking service. This feature alows
participants to be directly connected by telephone and at
no charge with their health professional after clicking on a
button. The 3 steps of the protocol are: First, participant
clicks on a“book now” graphic button in Healthy.me and
confirms his/her telephone number as well as health
professional’s one; Second, participant and health
professional receive an automatic ongoing call from the
service, and Third, participant and health professional are
connected each other and can book an appointment over
the phone.

I ntervention Group and Exposure

The period of access to Healthy.me will vary depending on the
date of participant registration (from 9 to 12 months). During
the study Healthy.mewill provide participantsin theintervention
group with information and forward email reminders about
asthma, indications for managing their asthmaor other medical
concerns, should they wish to use that service.

The intervention will not modify in any way the standard
procedures of healthcare provision by GP clinics.
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A pilot study has been conducted with 9 adults including 3
participants with asthma. Issues on system usability, journey
content, surveys, study protocol, and advertisement material
have been resolved before recruiting participants with asthma
to participate in their normal setting.

Control

Participants in the control group will receive only a static
webpagewith linksto external evidence-based materialswritten
for consumers on asthma management available in Australia
without the PCHM Sfeatureslisted previoudy (ie, myDr.com.au,
HealthlnSite.gov.au, and asthmaaustralia.org.au), and delayed
access to the full interactive version of Healthy.me by 12
months.

Sample Size

A conservative estimate of at least 300 participantswith 150 in
each arm is needed to detect a 15% point difference in
possession rate of a written asthma action plan between the
control group (14.4%) and theintervention group (29.4%). This
estimate is calculated at 5% level of significance, 80% power
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(2-sided test), with an anticipated participant dropout rate
approximately 25%.

The effect size estimate is based on previous studies using
Healthy.me ng the efficacy of Internet-based interventions
on the uptake of preventative health actions[23], and on studies
with interventions promoting the use of personal asthmaaction
plans[13]. The baserateisthe percentage of adults (ie, 15 years
and over) with current asthma in Australia and possessing a
written asthma action plan, reported in the Australia Centre for
Asthma Monitoring analysis of the Australian Bureau of
Statistics National Health Survey 2007-2008, and cited in the
Australia Centre for Asthma Monitoring 2011 report [2].

Outcome M easures

The primary measure is the number of participants who have
obtained, or have updated, their written asthmaaction plan with
aGPwithinthe 12 months of the study. The secondary outcomes
concern actua userate of the written asthmaaction plan, number
of unplanned visit to healthcare for asthma, usage of Healthy.me,
asthma symptoms, and competing demands on health and
asthma. Please see Table 1 below.
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Table 1. Summary of outcome measures.

Arguel et d

Outcome measures Measurement time points & Time
methods
Baseline Monthly Completion
Primary outcome
Number of participantswith awritten asth-  Pre and post-study surveys X X
ma action plan
Secondary outcomes
Number of participantsreported using their - Post-study survey X X
written asthma action plan, obtained, or
updated during the study
Rate of planned (non-urgent) visitsto a Post-study survey X
healthcare professional (eg, GP) for routine
asthma management
Rate of unplanned visitsto aGP, emergency  Post-study survey X
department, caused by worsening asthma
Website usage patterns (number andtiming Healthy.me system logs X
of hits, duration of access, uptake of specific
functions) of Healthy.me
Technology acceptance of Healthy.me Measured via the “ Scales for Per- X
ceived Usefulness and Perceived
Ease of Use” [30]
Asthma control Measured via “Asthma Control X
Questionnaire” [31]
Asthma exacerbations Measured viathe“Asthma Exacer- X
bation Questionnaire” [32]
Number of days lost from work or school =~ Measured via an additional ques- X
tion after the “Asthma Control
Questionnaire” [31]
Competing demands on health and asthma  Lists of life priorities and top X

health issues, monthly made by
participants.

Data Collection

Firstly, self-reported responses are collected by use of
Internet-based survey, accessed online, or sent to participants
via email (Table 2). Surveys will be hosted by “KeySurvey”,
an in-house survey infrastructure available at UNSW [33]. All
completed responseswill be stored securely in a server managed
by UNSW. These surveys are:

Secondly, during the study, participants actions on the
Healthy.me system will be unobtrusively and automatically
logged.

Thirdly, asubset of participants (up to 10% of the sample) may
be selected, according to their experiences and their patterns of
behaviors using Healthy.me, for a post-study semi-structured
interview/focus group, eliciting their feedback on Healthy.me
and asthma self-management.

http://www.researchprotocols.org/2013/2/e28/

AnalysisPlan

Statistical significance is defined as a P-value of less than .05
(determined using a two-tailed test). Data will be collected by
online survey software KeySurvey [33] and analyzed using IBM
SPSS Statistics 19 [34].

Baseline Comparison

Comparisons of baseline variables between PCHM S group and
control group will be conducted using visual inspection, to
verify the absence of abnormal measures and data. An
assessment of the homogeneity of the variances of distributions
from thetwo groupswill be statistically verified before carrying
out inferential statistical analyses.

Primary Analysis

Differences in proportions of participants visiting their GP to
obtain/update their written asthma action plan during the study
will be compared between control and PCHMS groups. All

intervention recipients who had the opportunity to use the
PCHMS but did not do so will be included in the primary
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analysis (intention-to-treat principle with Last Observation
Carried Forward (LOCF) imputation procedure for missing
values[35,36]). Differencesin participant proportions between

control and PCHMS groups will be analyzed using x’test or
Student’s t-test. Proportions will be reported with 95%
confidence intervals. Adjustments for baseline characteristics
and possible confounders, such as age and other demographics
[2,3], smoking status[ 3], and asthma severity [2], will be made
through the use of sequential logistic regression [37]. All
baseline characteristics, and factors that may affect the written
asthma action plan possession rate collected at post study (eg,
past possession of an asthmaaction plan) will be entered at step
1 of the regression; and group allocation (PCHMS vs. control)
will be entered at step 2.

Secondary and Ancillary Analysis
Differences in proportions of participants between different

groups (eg, control vs. PCHMS) will be examined using x’test
based on data collected from pre-, monthly, and
post-intervention questionnaires, for each of the following
activities experienced at least once during the study: (1) visited
a GP (or a healthcare professional) for an unplanned asthma
visit; (2) used medications or remedy; and (3) experienced
performance impairment. Differences in average number of
days of absence per participant and differences in score
distributions from questionnaires will be compared between
control and PCHMS groups using Student’s t-test or
non-parametric statistics. Reasons for recelving (or not

Table 2. Surveys used in the study.
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receiving) written asthma action plan will be reported using
descriptive statistics. Attrition rate for the use of Healthy.me
will be assessed with system logs. Technology acceptance of
Healthy.me will be measured via the “Scales for Perceived
Usefulness and Perceived Ease of Use” [30,38]. Participants
satisfaction and utilization of Healthy.mewill be reported. Cost
effectiveness of health service utilization [39] (upon availability
and feasibility) will also be considered as well as economic
costs from days lost from work/school. If any post-hoc
comparison would need to be performed between unplanned
groups of participants, aHolm's sequential Bonferroni procedure
[40] will be used in order to control a familywise error rate
FWER inferior or equal to level a =.05.

Study Procedure

Table 3 below summarizes participant procedures in the study.
The duration of the study is expected to be 12 months.

Email will be the primary channel to communicate with
participants for study information and reminders about survey
completion. From the time participants are recruited until study
completion, al participants (control and intervention) will
receive an email each month to complete a 5-minute survey
about their health in the past month. At study completion, all
participants will receive an email asking them to complete a
post-study survey. In order to ensure the completeness of data
collection, there will be 2 follow-up emails sent 5 days apart
from each other to remind those who have not completed each
survey.

Survey Purpose

Screening survey

Pre-trial survey

Monthly follow-up questions

Eliciting participants’ eligibility criteria
To obtain participants’ demographics and experiences of asthma management at study enrolment.

To obtain participants’ self-reported symptoms of asthma (ie, asthma control and exacerbation), impact

on work and study due to asthma symptoms, and competing demands and health throughout the study.

Post-trial survey (12 months after the begin-
ning of the study)

To obtain participants’ state of asthma control and asthma management. For those who receive the
PCHMS version of Healthy.me, their perceived usefulness of Healthy.me will also be assessed.

Table 3. Stages of study procedure.

Stage of study

Procedure

Onlineregistration

Basdline data

Participant follow-up procedures

Eligibility screening survey

Participant registration, study consent and Healthy.me tutorial (self-com-
pleted online)

Pre-study survey (self-completed online)

Monthly 5-minute surveys (self-completed online)

Post-study survey (self-completed online)
Patterns of Healthy.me use (computer logs and data entered by partici pants)
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Randomization

After consent each participant is randomly allocated to the
intervention or control group, stratified by gender and level of
asthma severity (intermittent vs. persistent), according to a
sequence generated by a computerized random-number
generator [28] using permutated blocks of 2, 4, and 8. The
randomi zation sequence generation, participant enrolment and
group alocation processesin this study are computerized online
and do not involve interference from the investigators.

Allocation Concealment and Assessment

Since Healthy.me is a behavioral intervention it is not possible
to completely blind participants to the intervention. However,
alocation of participants is automatically randomized, then
coded within the Internet-based survey tool “KeySurvey”. The
surveys are automatically sent by the system to participants, so
investigators involved in the study are blinded to group
alocation until completion of the quantitative analyses. The
group allocation is revealed to participants only after they
consent to participate in the study following completion of the
pre-study questionnaire. To minimize contamination of control
participants who might interact closely with participants who
arepart of theintervention group, participantsin theintervention
group are asked not to share their Healthy.me access details
with other people.

Results

The recruitment of participants is ongoing and first results are
expected in early 2014. The data collection should be complete
by mid-2014.

Discussion

Limitations

There are several potential limitations in this study. Firstly, the
number of participants meeting inclusion criteria at study
completion might be low because the study will focus
recruitment only in Australia. The other inclusion criteria such
as age, Internet access, and English speaking skills, might be
also restrictive for recruiting participant in the targeted
population.

Secondly, there is a possible high attrition rates. The study’s
outcomes will rely on data from participants' self-reports. Due
to the long duration of the study, over 12 months, it is possible
to observe a high rate of attrition from participants and thus, a
significant loss of data. To limit this, al participants will be
actively requested to complete questionnaires by receiving
monthly remindersviaemails. Furthermore, the questionnaires
used on a monthly-basis will be easy and convenient complete
(short questionnaires with an online completion using
multiple-choice questions).

Thirdly, there may not be representative of consumers with
asthma. The study may be more appealing to younger

Arguel et d

participants who are interested or literate in computers, the
Internet, or asthma self-management topics. These participants
may be more enthusiastic about health and the Internet than the
general asthma population.

Fourthly, as this is a pragmatic trial of a multifaceted
intervention in a complex environment, it is possible that
baseline variables associated with participants might also
influence the outcome. For example, having a prior history of
obtaining a written asthma action plan may predict future
planned visitsto GP, independent of any additional intervention.
Wewill identify potential baseline variablesthat might influence
outcomes, including age and smoking status, and test for unequal
variancein the distribution of these variablesin theintervention
and control populations.

Concluding Remarks

Most of the features used in the study have been recently tested
inaHealthy.metrial on help-seeking behaviorsfor physical and
emotional well-being in a university student population [25].
The results of that study have shown that some bundles of
features could lead to behavioral changes in university health
service utilization and reported hel p-seeking for physical and/or
emotional concerns. These results were consistent with
theoretical expectations of behaviora changes generated from
the use of featuresin Healthy.me. Particularly, the Health Belief
Model (HBM) provides insights on how information may be
transformed into action when informational cues in the
environment are linked to action [41]. In the present study, we
expect that the use of the online appointment booking service
will be significantly associated with visits to hedth
professionals, and consequently with a high rate in obtaining
an asthma action plan. Another lever of behavioral change in
accord with the principle of self-monitoring, may be operate
thanks to features which encourage self-refection and
self-awareness, such asthe Persona Health Record, the Pillbox,
the Diary, and the Poll [42]. In addition, the social and
interactive features used in Healthy.me (Forums, Poll, Message)
should play an important role in minimizing attrition and in
promoting utilization of the platform amongst participantsduring
the 12 months of the study [9].

Our design of the present randomized controlled trial (RCT)
focuses on the comparison of outcomes that unequivocally
reflect a change in consumer behavior, and takes into account
the complexity of intervention. Results of this study will offer
new insights about the utility of aPersonally Controlled Health
Management System (PCHM S) for consumer engagement with
e-hedlth services and self-management. Our findings will
provide specific answersto whether using aWeb-based PHCMSS,
containing information and self-management toolsthat facilitate
consumers to engage with health services, will improve the
uptake of preventive asthma management actions such as the
possession and use of awritten asthma action plan.
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Abstract

Background: People of South Asian origin suffer a high burden of premature myocardial infarction (MI). South Asians form
a growing proportion of the Canadian population and preventive strategies to mitigate the risk of MI in this group are needed.
Prior studies have shown that multimediainterventions are effective and feasible in inducing health behavior changes among the
obese, smokers, and among those who are sedentary.

Objective:  Among at-risk South Asians living in Canada, our objectives are to determine: (1) the feasibility of a culturally
tailored multimedia intervention to induce positive behavioral changes associated with reduced MI risk factors, and (2) the
effectiveness and acceptability of information communicated by individualized M| and genetic risk score (GRS) reports.

Methods: The South Asian HeArt Risk Assessment (SAHARA) pilot study enrolled 367 individuals of South Asian origin
recruited from places of worship and community centers in Ontario, Canada. M1 risk factors including the 9p21 genetic variant
status were provided to all participants after the baseline visit. Participants were randomly allocated to receive a multimedia
intervention or control. The intervention group selected health goals and received personalized health messages to promote
adherence to their selected goals. After 6 months, all participants had their M1 risk factors repeated. The methods and results of
this study are reported based on the CONSORT-EHEALTH guidelines.

Results: The mean age of participants was 53.8 years (SD 11.4), 52.0% (191/367) were women, and 97.5% (358/367) were
immigrants to Canada. The mean INTERHEART risk score was 13.0 (SD 5.8) and 73.3% (269/367) had one or two copies of
the risk alele for the 9p21 genetic variant. Both the intervention and control groups made some progress in health behavior
changesrelated to diet and physical activity over 6 months. Participants reported that their risk score reports motivated behavioral
changes, although half of the participants could not recall their risk scores at the end of study evaluation. Some components of
the multimedia intervention were not widely used such as logging onto the website to set new health goals, and participants
requested having more personal interactions with the study team.
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Conclusions: Some, but not al, components of the multimediaintervention are feasible and have the potential to induce positive
health behavior changes. M1 and GRS reports are desired by participants although their impact on inducing sustained health
behavior change requires further evaluation. Information generated from this pilot study has directly informed the design of
another randomized trial designed to reduce Ml risk among South Asians.

Trial Registration: ClinicalTrials.gov NCT01577719; http://clinicaltrials.gov/ct2/show/NCT01577719 (Archived by WebCite

at http://lwww.webcitation.org/6J11uY X gJ).

(JMIR Res Protoc 2013;2(2):€33) doi:10.2196/resprot.2621
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multimedia; South Asians; health; risk; assessment; randomized; trial

Introduction

Background

Myocardial infarction (MI) due to coronary artery disease
(CAD) remains amajor cause of death globally [1]. Therising
prevalence of overweight, obesity, and type 2 diabetes is
predicted to potentiate the CAD epidemic in developing
countries [2]. South Asians, people who originate from the
Indian subcontinent, suffer ahigh burden of premature M1 [3,4],
and are projected to account for 40% of the global CAD burden
by 2020 [5]. Morethan 1.2 million South Asianslivein Canada
and are the fastest growing group of non-white Canadians [6].
Our previous study has shown that, compared to white
Caucasians in Canada, South Asians suffer a 2.5 times excess
prevalence of elevated glucose (dysglycemia), and CAD [7],
and devel op cardiometabolic risk factors (ie, abnormal glucose
and lipids) at significantly lower body massindex (BMI) values

[8l.

Despite severa previous studies showing excess cardiometabolic
risk [4,9,10] and increased premature M| among South Asians
[11], there is no routine screening process of South Asians for
CAD despite the Canadian Cardiovascular Society
recommendationsto screen “high-risk” groupsincluding South
Asians[12]. Therefore, there is aneed for routine screening of
CAD risk factorsin South Asian adults and to devel op and test
interventionsto improve risk factors among South Asians. This
iscritical because collectively common risk factors (abnormal
lipids, elevated glucose, elevated blood pressure, and abdominal
obesity) account for over two-thirds of the population
attributable risk of M1 [4].

Severa studies have shown that multimedia interventions to
manage risk factors of common disorders and to modify health
behaviors are effective [13-19]. Multimedia interventions
include use of email messaging, text messaging, video- or
computer-based education, and electronic personalized health
records, which are attractive because they involve components
of goa setting and feedback—key components of health
behavior modification, are relatively cost efficient, and have
the potential to be scalable to large numbers of individuas
[20-25].

The use of MI risk tools to guide risk factor modification in
cardiovascular prevention isincreasing [26]. More recently the
addition of genetic information into these risk tools has been
evaluated. This hasbeen made possible by therecent large-scale
genetic studies that have identified common genetic variants

http://www.researchprotocols.org/2013/2/e33/

associated with MI risk. The most robust genetic variant
associated with increased risk for MI is a common
polymorphism located on the short arm of chromosome 9 (9p21)
[27,28]. This genetic variant is common in the general
population, with 50% of people carrying one copy of the risk
alele, which increases Ml by 15-20%, and 25% of the
population carrying two copies of therisk alele, which increases
MI risk by 30-40% [29]. Further there is evidence to suggest
that the MI risk associated with 9p21 may be modified by
healthy dietary patterns [30]. While some recent studies have
evaluated whether knowledge of genetic risk of a condition
influences individuals' behavior change [31,32], the results
remain inconclusive. To our knowledge there have been no
multimedia health behavior modification interventions, which
haveincorporated genetic risk information among South Asians
at risk for MI.

Objective

To addressthis gap we conducted a pilot study, the South Asian
HeArt Risk Assessment (SAHARA) among at-risk South Asians
living in Canada, to determine: (1) thefeasibility of aculturally
tailored multimedia intervention to induce positive behavioral
changes associated with reduced M1 risk factors, and (2) the
effectiveness and acceptability of information communicated
by individualized MI and genetic risk score (GRS) reports.
Information generated from the SAHARA pilot study will
directly inform the design of another randomized trial designed
to test the effectiveness of this intervention to reduce MI risk
among South Asians.

Methods

Study Design and Recruitment

The study is a randomized controlled pilot trial that was
approved by the McMaster/Hamilton Health Sciences Research
Ethics Board on June 3, 2009 (09-225).

Individuals were recruited from places of worship and
community centers in Southwestern Ontario, Canada, during
the period from January 16, 2011 to January 29, 2012.
Recruitment clinics were setup in these “high-yield” locations
at high yield times (following weekly ceremonies and scheduled
activities) to maximize enrollment. The study team contacted
community leaders in the recruitment locations to obtain
permission to inform the congregation about the study, and this
was done 1-2 weeks prior to the screening event.
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Eligibility

Men and women =30 years of age of South Asian ancestry,
defined as people whose ancestors originate from the Indian
subcontinent (India, Pakistan, Bangladesh, and Sri Lanka), were
eigible for inclusion in the SAHARA npilot study. All
participants were required to have access to email, cell phone
with text messaging capability, or asmart phone (ie, ahandheld
device capable of sending and receiving text messages and
searching the Internet such as an iPhone or Blackberry).

Exclusion Criteria

Individualswho had suffered apreviousMI, had coronary artery
bypass graft (CABG) surgery, coronary angioplasty, or stroke,
who were not permanent residents of Ontario, and who did not
have an Ontario health card were excluded.

Consent and Baseline Data Collection

Written informed consent, including consent to use of the health
card number to facilitate future record linkage with health
services databases, and to analyze DNA for genetic variants,
was obtai ned from each participant. Information on risk factors
including cholesterol status, diabetes, hypertension, current,
former, and second-hand exposure to tobacco smoke, diet,
physical activity, sedentary behaviors, and psychosocia stress
guestions was collected. Stages of change information based
on Prochaska's model of change [33] were also obtained for
diet, physical activity, sedentary behavior, and smoking. Blood
pressure (two measures 3 minutes apart using an automated
OMRON device), body weight and height (to calculate BMI),
waist and hip circumference, and body fat percentage using a
digital bioelectrical impedance scale were measured. A 30-mL
nonfasting blood sample was collected from all participants,
and was processed onsite within 2 hours of collection. The blood
samples were analyzed for apolipoprotein A1 and B, HbA1C,
and the 9p21 single nucleotide polymorphism (SNP)
(rs1333049) genotype using Tagman. All genotypes were in
Hardy-Weinberg equilibrium (HWE) for the total sample
(P>.05). Previous studies have reported a minimal difference
in apolipoproteins' levelswhen comparing fasting to nonfasting
levels [34]. The remaining serum and plasma aliquots were
placed in long-term storage for future study-related analysis.

Risk Profile

Using the information collected at the baseline visit, aMI risk
report was generated for each participant using the

http://www.researchprotocols.org/2013/2/e33/
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INTERHEART risk score (IHRS; Multimedia Appendix 1,
whichisasimpleand valid risk factor scoring system devel oped
and validated from the INTERHEART case-control study to
assess M1 risk in adult men and women [35]. This risk model
included the following factors: apolipoprotein B-to-A1l ratio,
smoking, second-hand smoke exposure, hypertension, HbA1c,
abdominal obesity, physical inactivity, diet, and psychosocial
factors. Aspart of the SAHARA pilot study therisk score report
was pretested and modified in an easy to understand format that
classifies individuals as low (0-9), moderate (10-15), or high
(16-48) risk using a color visual display (Figure 1) (also see
website [36]). In addition to IHRS, a GRS based on 9p21
genotype information was generated. The GRS was devel oped,
pretested, and modified in an easy to understand format and
classifies individuals who have 0O, 1, or 2 risk aleles using a
color visual display (Figure 2). The contents of the report were
pretested in 2 focus groups conducted at a South Asian temple,
and modified to the grade 5 reading level.

Randomization

MyOSCAR-SAHARA

Approximately 4-6 weeks after the screening visit was
completed, participants were sent an email asking them to log
onto the secured MyOSCAR-SAHARA website[37], to access
their risk score results. If they were eligible for randomization
(based on study inclusion criteria), they were prompted to click
on abutton that took them to a Web portal to be randomized to
intervention or control (usual advice) groups using a
computer-generated algorithm in OSCAR (Open Source Clinical
Applications and Resources)—an open source software project
launched by the Department of Family Medicine at McMaster
University in Hamilton, ON, Canada, in 2002, designed for the
delivery of evidence-based resources and decision support at
the point of care for both patients and providers [37]. We used
a specidly constructed MyOSCAR-SAHARA personalized
website to enable study participants' to retrieve their results,
and to set goals which triggered a series of goal-tailored health
messages they received by email or text message (for
screenshots, see Figures 3-7).

Intervention and control groups received the same baseline
assessment and usual care while only the intervention group
received the study intervention.
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Figure 1. IHRSrisk report example.
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Figure 2. Genetic risk score. Through your blood work, we looked for a specific SNP in your DNA which has been shown to be a marker for heart
attack risk. This SNP is located on chromosome 9, and is known as 9p21. The SNP is not within a gene itself, but is likely closely related to a gene
which causes coronary artery disease. The 9p21 SNP has been shown to increase heart attack risk in several different ethnic groups, including South
Asians. Based on your blood work, we determined if you did not have this SNP, only had it on one chromosome (inherited from one parent), or had it
on two chromosomes (inherited from both parents). Having either one or two copies of this marker increases your genetic risk of having a heart attack.

Your number of risk alleles (markers)

Mo increased risk Increased genetic risk for a heart attack
Mo rigk alleles (markers) are present 1 or 2 risk alleles (markers) are present
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Figure3. SAHARA home page.
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Figure4. Welcome email.

Obtain your username and password
from the first welcome email:

sahars. momaster Sgmal.com on behalf of Sahara Administrator [sshara Bmomaster.ca]

Smith, John
Subject Welcome Lo SAHARA
Dear John Smith
Thank you for taking part in the SAHARA study
You completed your first visit on Jan 1, 2011
We have completed the analyses required for your Personal Heart Disease Risk Report. You will be receiving
another email shortly that contains the link to our secure SAHARA website. When you log into your account on
the website, you may view your Personal Heart Disease Risk Report and participate in the multimedia

intervention (if selected)

Please use the following to login in to your account

Your usemame= smithjoh@my O g
Your password= securepass h

If you have any guestions or concems please let us know. (Email: sahara@mcmaster.ca, Tel: 905 527-4322 ext
40378)

Thank you for your continued participation in the SAHARA Study

Sincerely
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Figure5. Second welcome email.

In the second welcome email, click on
the link to open the SAHARA website:

™

Message Adobe POF

33 } - J %] 2 Find
1 L x 3 ! ity Bl Safe Lists - 1 v " 1
] W ; ) - Related ~

Reply Forward = Delete Moveto Create  Other t Categorize Follow Mark as
to All Fol Rule Actions = | Sen: - Up~ Unread

sahara. memaster Somald. com on behalf of Sahars Administrator [sehara @momaster.ca] Sent: Thu 2011-06-23 1216 PM

Smith, lohn
Cc
Subject Message from SAHARA

Deear Participant
Thank you for participating in the SAHARA study

Please access your Goal Setting Program by logging in the following link, using the information previously emailed to
you | y q ;) 'y ar | i 3

Your SAHARA Personal Heart Disease Risk report is also ready and available at the same website

After 6 months have passed, you will be contacted for a follow-up screening

Log in with the following account iz
If you have any questions, please contact us at gahara@memaster ca or (91

Thank you

Sincerely
The SAHARA Study Team

Figure 6. MyOSCAR Web login.

) ‘ OSCAR Welcome to MyOSCAR

MyOSCAR - Personal Health Record

MyOQSCAR is your secure, private on-line health record. You have total control as to who can put information into your record Sign into myOSCAR
and with whom you share this information. With MyOSCAR you can do all this from the privacy of your home, all you need is
access to a computer, a MyOSCAR account, and the Intermnet. Username:

Emp [smithjoh i{@myoscar.org

Sign In

South Asian HeArt Risk Assessment Project

myoscar.org | About | User Manual

Enter your username and password

on the login screen and click ‘Sign In’
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Figure7. SAHARA Web consent and personal health record page.

Personal Health Record: John Smith

Samaan et al

Woscmz

Sahara Study Consent

» Personal/Contact Info

» Sahara Goals Program

A

South Aslan HeArt Risk Assessment Project

Access Rights | Change Password | Sign Out

1. Do you Consent to participating in the Sahara Study?

myoscar.org | About | User Manual | Report a Problem

Select Yes for consent and click on

‘ ’
Next (same consent as expressed during in-person visit)

I ntervention

Participants randomized to the intervention were prompted to
choose a health goal on the website in the areas of (1) healthy
diet, (2) physica activity, (3) reducing sedentary behaviors, and
(4) smoking cessation, and were prompted to update their goals
weekly on the website. Participants then received health
messages via email or text, tailored to their chosen health goal
on adaily basis. The messages were based on self-efficacy and
socia support concepts [38-41] to motivate subjects to make
health behavior changesincluding providing advice and support
regarding reduction of energy-dense, nutrient-poor foods (ie,
fried, fast foods, sugary beverages, and desserts), advocating
increased consumption of fruits and vegetables, encouraging
sedentary individuals to minimize sedentary behaviors and
increase regular physical activity, and encouraging smokers to
quit smoking. Participants were given a choice of methods to
receive the health messages by: (1) email sent to an account
using apersonal computer or ahandheld device (eg, BlackBerry,
iPhone, or other smartphones), or (2) text message (short
message service, SMS) to a handheld device (any cell phone).

In addition to the health messages, aweekly health tip was sent
to al intervention participants by email outlining a particular
health topic related to healthy lifestyle or an analysis of arecent
medical study reported inthe press. All of these health messages
were then posted on our public website (Figure 3). The
components of the intervention are listed in Textbox 1

Control

Participants randomized to the control group were provided
with advice on how to interpret their risk report, and if any
significantly abnormal results were identified, they were
encouraged to discuss them with their family doctor. All
participants had accessto the SAHARA website that contained
health information regarding cardiovascular risk factors from
a South Asian perspective [42]. This website includes
information on culturally relevant healthy dietary habits, and
the health benefits of regular physical activity. The site also
includes afrequently asked questions section, and amechanism
for participants to ask our study team study-related questions
and receive feedback.

Textbox 1. Multimedia intervention components of the SAHARA pilot study.

Components for intervention participants:

activity, decreasing smoking, and reducing sedentary behaviors

« MyOSCAR-SAHARA Goa selection program: atool which permits participants to select biweekly goals related to improving diet, increasing

« Daily health messages—sent viaemail or text: messages provided tips on how to counter unhealthy habits and maintain healthy ones
«  Biweekly remindersto pick a health goal and monitor progress on the goal
o  Accessto latest health information through personal MyOSCAR-SAHARA account

«  Accessto healthy living videos, such as yoga and other exercise regimens

http://www.researchprotocols.org/2013/2/e33/
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Website Usage and Adherence to I ntervention
“Fidelity”

Participants usage of the goal setting website was monitored
centrally, and for those parti cipantswho did not log on to access
their risk score reports or for intervention participants who had
not set goals 2 weeks from the time they were prompted by
email, a study team member attempted to reach them by
telephone to encourage them to accesstheir results and set goals.
After 4weeksif results had not been accessed from the website,
a printed M|l and genetic risk score report was mailed to
participants’ home.

Pilot Study Outcome M easures

The two outcome measures of the pilot study included: First,
feasibility of the intervention, defined by: (1) success at
transmitting risk score information and health messages via
electronic media (website, email, and cell phone), (2) success
at participants returning to use the website and set health goals,
asthisreflectsthe uptake of theintervention and hel psto assess
the effect of intervention on health behaviors, and (3) trend in
the risk score change to indicate if the intervention leads to
progressive health behavior change. Second, effectiveness and
acceptability of risk score information was measured by: (1)
participants’ knowledge of their risk score over time, (2) if this
information induced positive behavior change, and (3)
participants’ satisfaction with the information received.

Follow-Up

All participants were followed up for a minimum of 6 months
after randomization and repeat risk factor assessment was
collected at the end of the study. End of study data were
collected via face-to-face reassessment at the recruitment sites
(238/324, 73.5%) and by telephone or mail (86/324, 26.5%).
Repeat HbA1C and apolipoproteins A1 and B were also
collected from participants who attended the face-to-face
reassessment visit.

The reporting of this study follows the CONSORT-EHEALTH
[43] guidelines Multimedia Appendix 2.

Results

Summary

Participants (n=412) were screened from 11 centers between
January 2011 and January 2012. Among them, 41 wereineligible
(5 had cardiovascular disease—CV D, 23 had no email accounts,
13 were missing information required for the risk score, and 4
weredligible but not randomized dueto aclerica error), leaving
367 participants randomized into the pilot study. Follow-up
data collection occurred between October 28, 2011 and
November 11, 2012. The median time of follow-up is 280 days
with the interquartile range (1QR) of 252-319 days follow-up.
Asshownin Figure 8, there were 43 participants (21/167, 12.6%
and 22/204, 10.8% of the intervention and control group,
respectively) who did not complete the follow-up (21 were not
contactable and 22 participants withdrew from the study).

http://www.researchprotocols.org/2013/2/e33/
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Demographic and Social Characteristics

Participants' characteristics are shown in Table 1. Briefly the
mean age is 53.8 years (minimum age=30.0 years, maximum
age=82.0 years, and median age=53.0 years), approximately
half are women, and the mgjority of participantsareimmigrants
to Canada. More than half reported speaking English at home,
88.7% (323/364) received more than secondary school education
and 69.2% (254/367) are actively employed. More than 52.0%
(191/367) are vegetarian; few (4/367, 1.1%) use or are exposed
to tobacco, and approximately one-quarter (27.5%, 101/367)
engage in regular physical activity. Further, more than 32.0%
(117/367) are exposed to more than 2 hours of screen time per
day. The mean BMI at baseline is 26.4 (SD 3.5) for men and
26.5 (SD 4.1) for women. Three quarters of participants have
one or two risk alleles for the 9p21 genetic variant.

Risk Factor Information at Baselineand End of Study

Table 2 shows participants’ risk factors at baseline and
follow-up. Over a quarter of all participants had hypertension
and elevated cholesterol at baseline, and 13.8% (44/319)
reported having type 2 diabetes. Over two thirds of participants
are inactive at leisure time, the mean servings of fruits and
vegetables consumed daily are 2 and 3, respectively, and more
than 27.1% (86/317) of participants reported having stress and
depressive symptoms. Objective study measures including
HbA1c (mean 5.9, SD 0.8; apolipoprotein B-to-A1 ratio: mean
0.68, SD 0.18) and waist-to-hip ratio (WHR, men: mean 0.95,
SD 0.05; women: mean 0.88, SD 0.07) indicate that the cohort
hasamoderaterisk for M1, with themean IHRS being 13.0 (SD
5.8).

Feasibility: Successat Transmitting M essages Via
Electronic Media

All participantswere required to have an email access (including
shared family email if they choose to use this email account)
to be eligible for this study. The majority of participants
(352/367, 96%) had personal email access (Table 3). Most
participants had no difficulty logging into website or viewing
their results, although 23% (74/324) reported having some
technical problems with the website, which inhibited the risk
score report and health messages delivery.

Success at Participants Returning to Use the Website
and Set Health Goals

Participants use of the MyOSCAR-SAHARA website was
monitored to determine how many participantslogged on to the
website to view their risk score reports and in the case of
intervention participants, to set health goals. The login to the
study MyOSCAR-SAHARA website was low for both groups
(82/182, 45.1% of intervention and 115/185, 62.7% of control
groups did not logon or used the website only once). The mean
number of login attempts of the intervention group mean was
2.64 (SD 3.17, median 2.0) and the control group was 1.63 (SD
2.14, median 1.0). The difference between intervention and
control groups login was statistically significant as expected
since the intervention group was asked to set goals (Wilcoxon
two-sample test, P=.0003). Figure 9 shows the frequency of
login by intervention and control groups. On average the
intervention group selected 1.12 goals (SD 1.67, median 1.0).
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Figure 8. Participants flow diagram.
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Table 1. Demographic characteristics.

Characteristics Overall Intervention Control
Number of participants 367 182 185
Agein years, mean (SD) 53.8 (11.4) 54.6 (11.5) 53.0 (11.3)
Median age (min, max) 53.0 (30.0, 82.0) 55.0 (31.0, 81.0) 53.0 (30.0, 82.0)
Male/female (%) 176 (48.0)/191 (52) 84 (46.2)/98 (53.8) 92 (49.7)/93 (50.3)
Ancestral country of origin (%)

India 327(89.1) 163 (89.6) 164 (88.6)

Pakistan 4(1.0) 2(11) 2(11)

Sri Lanka 4(1.1) 2(11) 2(1.1)

Other 32(8.7) 15(8.2) 17 (9.2)
Place of birth—Canada, (%) 9(2.5) 1(0.6) 8(4.9)
Language spoken at home—English, (%) 188 (52.2) 93 (52.0) 95 (52.5)
Married (%) 337(92.1) 167 (91.8) 170 (92.4)
Post-secondary education (%) 323 (88.7) 156 (86.7) 167 (90.8)
Employed (%) 254 (69.2) 119 (65.4) 135 (73.0)
Household income >CDN$ 60,000/year (%) 218 (61.6) 106 (59.6) 112 (63.6)
Alcohol consumption =1 drink per day (%) 23(6.4) 11 (6.0) 12 (6.8)
Vegetarian (%) 191 (52.5) 90 (49.5) 101 (55.5)
Daily activity mild/none (%) 266 (72.5) 125 (69.8) 141 (77.0)
Screen time mean minutes/day (SD) 140.1 (130.7) 133.8 (121.5) 146.3 (139.2)
BMI—male, mean (SD) 26.4(3.5) 26.5(3.6) 26.4 (3.3
BMI—female, mean (SD) 265 (4.1) 26.2(3.7) 26.8 (4.5)
One or two risk alleles of 9p21 (%) 261 (73.3) 130 (74.3) 131 (72.4)
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Table 2. Baseline and follow-up risk factorsin intervention and control groups.

Risk factor Intervention Control

Baseline Follow-up P value? Baseline Follow-up P value?
Apolipoprotein B/apolipoprotein Al ratio (SD) 0.66 (0.19) 0.67 (0.18) 42 0.70 (0.18) 0.71 (0.20) .59
HbA1c (SD) 5.9(0.8) 5.9(0.8) .81 5.8(0.8) 5.9(0.9) .01
Self-reported diabetes n° (%) 31(20.0) 36(23.2) .03 13(7.9) 16 (9.7) .08
Self-reported hypertension, n° (%) 43(28.1) 46 (30.1) .08 36 (22.4) 42 (26.1) .01
Elevated BPY n (%) 35(30.4) 25(21.7) .06 31(27.0) 22(19.1) .08
Mean SBP (SD) mm Hg 128 (18) 124 (16) .008 127 (19) 123 (17) .003
Mean DBP (SD) mm Hg 81 (10) 79 (10) .006 82(11) 79 (11) <.0001
Wai st-to-hip ratio—male, mean (SD) 0.95 (0.06) 0.96 (0.06) .68 0.95 (0.05) 0.94 (0.06) .07
Wai st-to-hip ratio—female, mean (SD) 0.89 (0.07) 0.88 (0.07) 12 0.87 (0.06) 0.87 (0.06) .62
Stressin last year at baseline and in last 6 months 48 (30.8) 29 (18.6) .001 52 (32.1) 33(20.4) .002
at follow-up, n (%)
Depression for >2 weeksin last year at baseline 50 (32.3) 24 (15.5) .0001 36 (22.2) 16 (9.9) .0009
and last 6 months at follow-up, n (%)
Mean servings of fruits/day (SD) 2.0(1.2) 2.0(1.2) .90 20(12) 1.9(1.4) 67
Mean servings of vegetables/day (SD) 3.0(17) 2.8(1.8) .24 3.0(1.9) 2.9(1.9) .83
Mean servings of deep fried foods/snacks per day 0.3 (0.5) 0.2(0.2) .0005 0.3(0.4) 0.2(0.4) .003
(SD)
Moderate/very active in leisure time, n (%) 58 (37.9) 88 (57.5) <.0001 47 (29.0) 77 (47.5) <.0001
Self-reported high cholesterol,© n (%) 42 (28.2) 49 (32.9) .008 37 (22.6) 44 (26.8) .008
IHRS®! (SD) 13.4(5.8) 12.0(5.8) .002 12.6 (5.9) 11.7 (5.9) .05

3pairwise comparison of data using paired t-test for continuous measures and McNemar's test for categorical measures.

bprevalence of events at foll ow-up includes baseline plus additional new events since baseline. Therefore the prevalence of diabetes, hypertension, and
high cholesterol are higher at follow-up.

“Number of participants with data available for the specific variable.

dBloodprassure (BP) was measured at baseline and follow-up. Elevated BP is >140/90.
®IHRS: INTERHEART risk score.

'No significant difference in change between the intervention and control group (P=.70).

Table 3. Electronic access and reported technical difficulties.

Basdline Overadl, n=367 Intervention, n=182 Control, n=185
n (%) n (%) n (%)

Personal email access 353(96.2) 176 (96.7) 177 (95.7)

Smart phone access 73 (19.9) 41 (22.5) 32(17.3)

Cell phone access 177 (48.2) 98 (53.8) 79 (42.7)

Receive and send text messages 127 (34.6) 141 (38.5) 57 (30.8)

Check email multiple times per day 148 (40.3) 79 (43.4) 69 (37.3)

Participants who compl eted follow-up 324 (88.3) 159 (87.4) 165 (89.2)

Problems accessing results on website 25(7.7) 9(5.7) 16 (9.7)

Logon difficulties to website 37 (11.9) 17 (10.7) 20(12.1)

Did not receive email with instruction on logon 11 (3.4) 4(2.5) 7(4.2)

Instructions were unclear 10(3.1) 4(2.5) 6 (3.6)

MyOSCAR-SAHARA website was difficult to use 13(4.0) 4(2.5) 9(5.5)

Total problems with MyOSCAR-SAHARA website 74 (22.8) 31(19.5) 43(26.1)
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Figure9. Summary of login attempts to website over the course of the pilot study.
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Signal That I ntervention L eadsto Behavioral Changes

Both the intervention and control group showed a reduction at
follow-up in blood pressure, and reported less stress and
depression compared to basdine. There was also an
improvement in physical activity and reduction in fried food
and snacks consumption in both groups at follow-up. Comparing
follow-up to baseline score change, the intervention group had
a significant reduction in their IHRS score at follow-up
(intervention group baseline IHRS: mean 134, SD 5.8;
follow-up IHRS: mean 12.1, SD 5.9, P=.002), and atrend was
seen in the control group (baseline IHRS: mean 12.6, SD 5.8;
follow-up IHRS: mean 11.7, SD 5.9, P=.05) (see Table 2),
though these results were not statistically significant.

Risk Score

Risk Report Feedback

Participants were asked to acquire their risk scorereports (IHRS
and GRS) following the baseline assessment by logging onto
the MyOSCAR-SAHARA website. If they did not retrieve it,
it was mailed to their homes. At the end of the study, participants
were asked about their knowledge and recall of their risk scores
(Tables 4 and 5). Overal while participants reported
appreciating receiving their risk information, therecall between
baseline and end of study of risk status was low. For example,
of 68 participantswho weretold they were high-risk at baseline,
only 11 recalled this correctly (11/68, 16.2%), 17 recalled being
moderaterisk (17/68, 25.0%), 3recalled it being low risk (4/68,
4.4%), and 37 could not recall their risk score (37/38, 54.4%)
at al. Similarly only 7.3% (5/68) of participants recalled their
increased genetic risk score accurately at follow-up (Table 5).

Risk Scores and Motivation to Change

Figure 10 shows individuals reporting that knowledge of their
risk for MI could be a motivator to change health behaviors

http://www.researchprotocols.org/2013/2/e33/
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including diet and physical activity. There was atrend (P=.06)
showing theintervention group as compared to the control group
was more likely to agree that the risk score was amotivator for
increasing health behaviors especially for physical activity,
though these results were not statistically significant (Figure
10).

Stages of Change

We assessed the stages of change for three main domains: diet,
physical activity, and weight loss. Although we aso included
smoking, only three individuals are current smokers in this
sample. Overall, more than 13.9% (51/367) of participants
progressed from inactive (precontemplation, contemplation,
and preparation) to the active (action, maintenance) stage in
diet and physical activity, and 12.5% (46/367) progressed to
the active stage in weight loss plans; however, no significant
differences were observed between intervention and control
groups (Table 6).

Exit Survey

At the end of the pilot study, feedback from the study
participants was obtained by asking all participants about their
experiences of participating in the pilot study. The main
feedback included: (1) daily messages weretoo frequent which
could potentially lead them to ignore the messages; (2) phone
calls to remind participants to login to the study website were
too frequent, while others reported that there was not enough
in-person contact and would have liked to have a mid-program
visit that with more face-to-face contact with the study team;
and (3) IHRS and GRS reports should be sent via email and
remove the website login component. Most of the participants
reported that participation in the SAHARA study was
worthwhile for them. Table 7 shows summary of the exit survey.
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Table 4. Agreement between MI risk score results and participants recall of risk score at follow-up.

Actual IHRS score category at Recall of risk score category at follow-up

baseline Low Moderate High Do not know Total
Low 47 15 2 63 127
Moderate 1 46 6 9 122
High 3 17 1 37 %8

Total 61 78 19 160 318

Table 5. Agreement between genetic risk score results and participants recall of risk score at follow-up.

Actual GRS score category at baseline Genetic risk category recall at follow-up

Not increased Increased Do not know Total
Not increased 22 6 56 84
(Orisk alleles)
Increase 38 16 172 226

(L or2risk dleles)
Total 60 22 228 310

Figure 10. Motivation to change behavior based on risk score reports.
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Table 6. Stages of change® moving from inactive to active stage by intervention at follow-up.

Domain Overall, % Intervention,% Control, % P value®
Diet 14.9 15.7 141 0.69
Weight loss 125 13.7 114 0.53
Physical activity 14.2 155 12.9 051

8stages of change levels: 1=precontemplation, 2=contemplation, 3=preparation, 4=action, 5=maintenance. Inactive=levels 1-3, active=levels 4-5.
b These results were obtained from chi-square tests.
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Table 7. Exit survey (n=317).

Samaan et al

Rank Intervention, n (%)

Contral, n (%)

(A) Did you find participation in SAHARA to be worthwhile? 2

Number of participants

Very worthwhile
4
3
2

Not at al worthwhile

Number of participants

Very successful

4

3

2

Not at all successful

(B) Did you succeed in setting and achieving your health goals? b

155 (48.8) 162 (51.1)
75 (48.4) 78 (48.2)
47 (30.3) 45 (27.8)
24(15.5) 19 (11.7)
8(5.2) 10(6.2)
1(0.6) 10 (6.2)
153 (48.3) 157 (49.5)
27 (17.7) 27 (17.2)
60 (39.2) 50 (31.9)
51 (33.3) 38(24.2)
9(5.9) 25(15.9)
6(3.9) 17 (10.8)

#There was no significant statistical difference between intervention and control groups in their view of study participation (P=.09; obtained from

chi-sgquare tests).

bThe intervention group reported that they were more likely to be successful in achieving their goals than the control group (P=.004; obtained from

chi-sgquare tests).

Discussion

Principal Findings

We observed that a multimedia health behavior intervention is
feasible in a South Asian population at risk for MI. While
participants reported being motivated by receiving therisk score
information, anumber of features of the SAHARA intervention
require optimization prior to assessing its effectiveness in Ml
risk factor reduction.

Most participants had access to email, Internet, and text
messages and had no difficulty receiving email or text messages.
However, our requirement of participants to proactively logon
to the website to receive their risk reports, and to set goals was
problematic with 23.9% (88/367) of the study participants
reporting technical difficulties. It islikely that this contributed
to the low number of goas chosen over the course of the
follow-up, and reduced the interventions potential impact on
changing health behaviors. In addition, participants received
the study messages either by email/text checked on a mobile
device or emails checked on a fixed device. These different
methods of receiving messages may have also impacted the
uptake of the study intervention. The anticipated difference
would be based on the fact that the mobile device message
would likely be received in real time or closeto it, whereasthe
fixed device message might not be received immediately,
although it may reach people when they’re more ready to act
ontheinformation (ie, they have specifically chosento sit down
at the computer, as compared to a mobile device when the
email/text may arrive when the person is doing something else).
In this study it is not known the impact of receiving messages
via mobile or a fixed device on the intervention uptake and
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outcome. Despite these technical challenges, the intervention
group showed a significant reduction in the IHRS score at
follow-up, and were more likely than control subjectsto report
that their personalized risk scores motivated them to increase
their healthy dietary choices, physical activity, and reduce
sedentary behaviors. The greater engagement of theintervention
group in the study, their receipt of regular messages and
reminders to change their health behaviors, may explain this
difference.

Based on the participants’ feedback from the exit survey, the
use of a website health behavior intervention, which requires
participants to logon to a website, reduces the chances that
participants will be engaged in the study. In our study, 54.9%
(100/182) of the intervention group logged onto the website at
least twice, which is in keeping with previous studies using
Internet-based intervention to aid smoking cessation [44]. A
systematic review and meta-analysis of Web-based intervention
studies to induce behavioral changes reported that the average
logon to website/person/study duration in weeks varies from
2.6 logons/person/32 weeks in a study of depression to 1008
logons/person/36 weeks in a study of HIV. In addition the
average time spent on website in minutes per person varied
from 4.5 to 45 minutes/person [45]. Furthermore, even when
information is sent directly to participants by email, the rate of
opening the email is variable. For example in a study of 345
men and women where daily email messages were sent to
improve employees' diet and physical activity behaviorsin the
workplace, only 68.9% (238/345) of the emails were opened
by study participants [23], even though al study participants
worked in the same office and had a computer at their desk.
This is consistent with other studies using Web-based
interventions where an uptake of only 62% was reported [46].
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To optimize the uptake of the intervention for the main
SAHARA trial we will ask participants to set their goals at the
baseline interview, we will remove the logon to website
requirement to accessrisk score reports, and we will deliver the
reports directly to participants by emails. These components
will be followed by telephone calls and one face-to-face visit
mid-way through the study, to ensure receipt and knowledge
of risk scores, and to maintain participant interest in the study.

Individualswho participated in this pil ot study were at moderate
risk of M| based on their baseline IHRS compared to risk score
values reported in the validation study [35]. Both the
intervention and control groups made some progressin changing
their health behaviors and in general participants reported the
information they received was useful. Despite participants
claiming that their risk reports motivated behavioral changes,
half of the participants could not recall their risk report at 6
months. The poor risk scorerecall may reflect low health literacy
(ie, the degree to which individuals can obtain, process, and
understand the basic health information) and numeracy (how
individuals interpret medical risk information) [47]. However,
our sample was of high socioeconomic status, well educated,
and we pretested our risk scoreinformation in focusgroupsand
presented the information (Figure 2) at the grade 5 reading level.
Thus, we attempted to minimize low hedth literacy and
numeracy as possible barriers to understanding risk score
information. It is also possible that the active phenomenon of
resistance to retain negative information about one’s health to
maintain an optimistic view of future health was at play. Such
views have been described as psychol ogical defense mechanisms
[48]; however, it is difficult to confirm if such views hold in
the current study. In addition, the low risk score recall may also
represent the phenomenon of “unrealistic optimism” whereby
individuals display an optimism bias when evaluating own
susceptibility to risk [49]. However, this view does not explain
the poor recall of low-risk reports.

Thelow recall rate of health information received, including in
face-to-face counseling, is not uncommon. In a large study
investigating the recall of health advice given face-to-face to
patients (n=3261) who participated in the EuroHeart Failure
Survey 12 weeksfollowing discharge, only 57.8% (1885/3261)
of patients recalled advice on exercise, 54.9% (1793/3261)
recalled advice on diet, 41.9% (1369/3261) recalled advice on
smoking, and only 38.9% (1271/3261) recalled advice on
alcohol [50]. Nonetheless in our study, participants reported
that knowledge of their risk factor and genetic risk score were
motivators to improve their health behaviors even if they could
not recall their exact risk category. It is possible that recall may
vary by the type of information provided to participants, and
recall may decrease over time. For example, patients with type
2 diabetes are more likely to recall health recommendations
regarding medications than regarding health behaviors [51],
and provision of genetic risk information to smokers regarding
their risk of lung cancer showed early high recall of risk status
yet lower recall with increasing duration of follow-up [52]. We
hypothesized that genetic information may motivate behavior
change differently than nongenetic health information because
of the highly personalized nature of the information [47]. In a
recent study among patients with type 2 diabetes who
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participated in a lifestyle modification trial in which genetic
information was provided in agene score, amost al participants
(98%) reported that high-risk genetic results would increase
their motivation for lifestyle modification. On the other hand
their response to receiving low-risk genetic results varied, with
some reporting that |ow-risk genetic status would decreasetheir
motivation to take on lifestyle changes. However, their reported
response has not yet been correlated to their actual change in
risk factors as this study is on-going [53]. Future studies,
including the main SAHARA trial must assess if provision of
genetic risk information is strongly correlated with changesin
risk factors and clinical outcomes.

We assessed the stage of change transition over the course of
thefollow-up. It is known now that the stages of change are not
linear and individual s do not progress from one stage to the next
asoriginaly proposed [33]. Rather, these stages follow a spiral
model with relapses that resets the process back to the
precontemplation stage [54]. Despite these challenges, the stages
of change model iswidely used and accepted as a useful measure
to assess motivation to change and theimpact of thismotivation
on achieving the desired behavioral modification [55]. We
observed that 25.8% (94/367) of the participants progressed
forward in stages of change relating to physical activity, while
18.2% (67/367) regressed in their stages of change. Overall
however morethan 12.5% (46/367) progressed from the inactive
to an active stage at the end of study in all three domains
(physical activity, diet, and weight loss). No difference between
intervention and control subjectsin stages of change transitions
was observed.

Limitations

Our pilot study had a number of strengths, which include
recruitment of an apparently healthy population sample of
reasonable size, and prospective measurement of health
behaviorsthat included objective measurements (ie, lipid, blood
pressure, and anthropometric measurements). Somelimitations
of our intervention occurred including the technical challenges
of logging onto the website, the low rate of logonsto set health
goals, and relatively poor recall of personal risk at follow-up.
Despite these, a significant reduction in the M| risk score was
observed in follow-up. In addition the SAHARA study
population may not be representative of all South Asians in
Canada; however, the socioeconomic characteristics of
SAHARA participants are similar to findings from previous
health surveysin Ontario [56].

Modificationsto the SAHARA Trial Intervention

We have taken a number of steps to optimize the SAHARA
intervention prior to testing its effectivenessin M1 risk reduction
in a future trial. These changes include: (1) risk reports and
randomization status will be emailed directly to participants,
(2) the number of health goals participants can focus on has
been reduced from 4 to 2, with only one being chosen at one
time for a 6-month duration, (3) the duration of follow-up will
be extended to 12 months with baseline, 6 months and 12
months face-to-face visits occurring, (4) increasing the
frequency of in-person contacts to improve adherence to the
intervention and interest in the program, (5) health tips will be
tailored to each participant based on the goal selected and their
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readiness to change, and (6) the frequency of messageswill be  risk. Information generated from the SAHARA pilot hasdirectly
reduced from daily to weekly and sent at atime of day chosen informed the design of the main randomized trial designed to
by participants. test the effectiveness of a multimedia behavioral intervention

. to reduce M1 risk among South Asians.
Conclusion

A multimedia intervention is feasible and has the potential to
induce positive health behavior changes aimed at reducing Ml
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Abstract

Background: The present study protocol is designed to cover the Norwegian part of the European Union Collaborative
Project—REgioNs of Europe WorkINg together for HEALTH (RENEWING HEALTH). Self-management support isan important
element of carefor personswith type 2 diabetes (T2D) for achieving metabolic control and positive lifestyle changes. Telemedicine
(TM) with or without health counseling may become an important technological aid for self-management and may provide a
user-centered model of care. In spite of many earlier studies on TM, there remains alack of consensus in research findings about
the effect of TM interventions.

Objective: Theaim of RENEWING HEALTH isto validate and evaluate innovative TM tools on alarge scal e through acommon
evaluation, making it easier for decision makers to choose the most efficient and cost-effective technological interventions. The
Norwegian pilot study evaluates whether the introduction of amobile phone with adiabetes diary application together with health
counseling intervention produces benefitsin terms of the desired outcomes, asreflected in the hemoglobin Alcleve, health-related
quality of life, behavior change, and cost-effectiveness.

Methods: The present study has a mixed-method design comprising a three-armed prospective randomized controlled trial and
qualitative interviews with study data collected at three time points: baseline, after 4 months, and after 1 year. The patients
registrations on the application are recorded continuously and are sent securely to a server.

Results. Theinclusion of patients started in March 2011, and 100% of the planned sample size isincluded (N=151). Of all the
participants, 26/151 patients (17.2%) are lost to follow-up by now, and 11/151 patients (7.3%) are still in the trial. Results of the
study protocol will be presented in 2014.

Conclusions: The key goals of thistrial are to investigate the effect of an electronic diabetes diary app with and without health
counseling, and to determine whether health counseling is important to the continued use of the application and the patients
health competence and acceptability. Research within this areais needed because few studies have investigated the effectiveness
of apps used in long-term interventions with this degree of self-management.
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Introduction

Overview

The prevaence of type 2 diabetes (T2D) isincreasing throughout
the global population [1]. A similar trend is also evident in the
Norwegian population, where 192,421 people of the total
population (5,063,709) are estimated to have diabetes, with a
prevalence of 3.8% [2]. Theimpact of T2D is serious for both
the individual and society with considerable economic costs
[1,3]. Although medical competence for treating diabetes is
improving and knowledge about treatment and lifestyle factors
relating to T2D is substantial, most people with this disease do
not achieve metabolic control [4,5], and can therefore experience
diabetic complications [6].

The recent Coordination Reform in Norway has reorganized
the distribution of health resources with an increased emphasis
on the development of services within municipalities [7].
According to the Norwegian guidelines for diabetes, this
organizational redirection complies with the current
recommendations for the treatment of patients with T2D [8].
Earlier research in Norway indicated a gap between the
guidelines and current clinical practice because only one of
eight patients reaches the combined goal of control of glycemia,
blood pressure, and lipids [9]. However, improvements in
primary care for patients with T2D have been observed in
Norway in recent years [10].

A systematic review has shown that diabetes self-management
education for adults with T2D is effective when delivered in a
community context [11]. Lifestyle changes such as increased
physical activity and improved dietary habits may influence
and improve metabolic control in persons with T2D [12]. To
succeed in achieving positive lifestyle changes, the patient must
be involved, and self-management support is an important
element in the care of persons with diabetes [13] as well as
persons with any chronic diseases [14]. Enhancing diabetes
self-management strategies has shown promising results for
reducing hemoglobin Alc (HbA1c) level inthisgroup, achange
that plays an important role in both reducing the risk for
devel oping complications and improving the quality of life[15].
Nurse-delivered combined motivational enhancement therapy
and cognitive behavior therapy has been shown to be feasible
for adults with poorly controlled type 1 diabetes and can lead
to an improvement in HbA1lc levels [16]. However, further
research is needed for optimizing health outcomes in these
settings and for learning how to design more individualized
approaches.

The psychological burden on the individual patient caused by
the disease must also be recognized. Diabetes care providers

http://www.researchprotocols.org/2013/2/e34/

such as nurses and physicians must deal with patients' everyday
problemsin managing diabetes, and some patients may need to
seek help from psychosocial speciaists [17]. Some earlier
research have shown ahigh prevalence of depressionin persons
with T2D and an association between depression and poor
self-management, poor metabolic control, and diabetic
complications [18-20].

When living with and managing a chronic disease at home,
telemedicine (TM) has the potentia to become an important
aid for self-management and may aso help ensure a
user-centered rather than abiomedically centered model of care
[21]. Modern technology combined with psychological
interventions can be useful in providing efficient management
of diabetes. The TECNOB study is an example of how to use
technology and a cognitive behavioral approach in a
multidisciplinary telecare intervention for weight lossin obese
patients with T2D in inpatient treatment (1 month) and in the
continuity of care at home (1 year) [22,23]. Interactive systems
that integrate monitoring and personalized feedback functions
should be developed [24]. The importance of clarifying the
effect of interventions that combine telemonitoring with
educational and motivational tools, and those consisting of
telemonitoring only, isalso of interest [25]. Evaluations of TM
interventionsfor personswith diabetes have mainly focused on
the achievement of a clinical outcome in terms of glycemic
control [26,27] with areported trend toward patients achieving
better glycemic control [28,29]. Few studies have found
improvements in participants quality of life [24,28-30], but
one review investigating the impact of home telehealth
interventions on the patients' quality of life and patient
satisfaction compared with usual care [29] refersto astudy with
a single-group design that indicates significant improvements
inphysical functioning, bodily pain, and socia functioning after
1 year of home telehealth [31]. Satisfaction with the new
technologies has also been demonstrated, and more complex
interventions with definitions of the process of care, and links
between patients and professionals, showed better outcomes
[30]. It isimportant to know whether users accept this type of
service and the term “acceptability” is often used to indicate
the degree to which patients are satisfied with aservice and are
willing to use it [32]. It is, therefore, recommended to design
studies considering the patients’ need for technology support
[24]. Although diabetes telemonitoring has been shown as an
effective approach both for glycemic control and for
self-management, more research within this area is needed.
Systematic reviews indicate that TM systems can be used
effectively for persons with diabetes, although this conclusion
is based on weak evidence. Further research should seek to
understand how TM may improve diabetes management and
enhance educational and self-management interventions[33,34].
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It has, for example, been shown a gap between the
evidence-based recommendations and the functionality of the
application features used in study interventionsfor diabetes care
[33]. Despite alarge number of studies on TM and systematic
reviews on the effects of TM, a systematic review of existing
reviews raises questions about the quality of the research
evidence in terms of the approaches to evaluation and the
methodologies used. The authors indicated the need for more
focus on patients’ perspectives, economic analyses, and TM
innovations as complex processes and ongoing collaborative
achievements. Formative assessments are also of interest [35].
Thereisaneed for studiesto be designed to control for possible
mediating variables[28]. It has earlier been shown how positive
clinical outcomes might be associated with mediating variables
(or process variables) such as intensified provider consultation
[36], more active management [37], or cognitive processes[38].

Aim of the Study

The present study isthe Norwegian part of the European Union
(EU) Collaborative Project—REgioNs of Europe WorkINg
together for HEALTH (RENEWING HEALTH). The aim of
this study is to validate and evaluate innovative TM tools on a
large scal e using acommon eval uation method, thereby making
it easier for decision makers to choose the most efficient and
cost-effective technological aids [39]. The Norwegian study
evaluates whether the introduction of personalized and
technol ogy-supported self-management with and without health
counseling intervention produces benefitsin desired outcomes,
as reflected in HbAlc level, hedth-related quality of life,
behavior change, and cost-effectiveness.

Theoretical Framework

In the present study, we perform aself-management intervention
focusing on behavior change and the implementation of the
evidence-based approach to diabetes self-management education
and self-management support [13]. Self-management has been
described as*the nature and scope of the waysin which patients
state that they need to change to become more active participants
in maintaining their health” [14], and the World Health
Organization “white paper” has described self-management as
a set of cognitive and behavioral self-management skills such
as coping skills, goal setting, self-monitoring, environmental
modification, self-reward, and arranging socia support [40].
The health counseling part of the present study is based on
principles from cognitive behavioral therapy, the “Reach Out”
problem-solving model [41,42], and motivational interviewing
(M1) [43]. The diabetes specialist nurse will use principles of
M1 such as a person-to-person interview with a client-centered
style for eliciting behavior change by helping a patient explore
and resolve ambivalence. MI is a refined form of the familiar
process of guiding and is a technique that complements the
communication skills needed by nurses and other health care
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workers [43]. The transtheoretical model that provides the
diabetes specialist nurse a way of grouping the patients
according to their stage of readiness to adopt new behaviorsis
also used [44,45]. Patients with T2D may have a wide variety
of problem behaviors related to diet, physical activity,
medication, and smoking. The transtheoretical model focuses
on the patient’s readiness to change and on the individual’s
decision making. The model has been used earlier to identify
patients with diabetes at different stages of readiness to change
to a healthy diet [46]. It has also been used in a successful
telephonic intervention to improve diabetes control in urban
adults in which patients were grouped according to their stage
of change within different lifestyle domains[47]. The diabetes
specialist nurse has a role as supporter, helping motivate the
patients, although the real work is being undertaken by the
patients themselves [41,42]. The term “low-intensity”
(intervention) can be seen asa“lower dose” of specific treatment
technique that may represent less support from the health
personnel (the diabetes specialist nursein our study) in duration
and frequency of contact, and is usually delivered in a
nontraditional way such as by mobile phone [41,42].

Glasgow et a [48] documented that it is necessary to include
patient-reported psychosocial and behaviora measures in
research to addressthe need for support in personswith diabetes.

Methods

Study Design

The study has amixed-method design comprising athree-armed
prospective randomized controlled trial (RCT) and qualitative
interviews. The study has been registered with Clinical Trials
(NCT01315756). Mixed-method research is a purposeful
combination of quantitative and qualitative methods to enrich
the material and to obtain a broader understanding of the
findings in a study [49]. There are different ways to conduct
theinvestigation and different ways of positioning theinvolved
methods in relation to each other. In our study, the primary
outcome measure is based on the findings from the quantitative
part, and the qualitative interviews were based on grounded
theory to provide us with additional information about the
accessibility of the study and the intervention process.

The present study has alongitudinal design, and study data are
collected at three time points: Test 1, at the time of inclusion
(baseline); Test 2, after 4 months; and Test 3, at the end of the
1-year study. The patients' registrations on the diabetes diary
app, called the Few Touch application, are recorded
continuously and are transferred securely to a server. The
participants in the two intervention groups are using the TM
application during the 1-year study (Figure 1); one of these
groups additionally receives health counseling during the first
4 months.
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Figure 1. Design of the randomized controlled trial.
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Trial Population and Recruitment

Personswith T2D are eligible to participate in the study if they
are older than 18 years, were diagnosed with diabetes for more
than 3 months before the study inclusion, and have an HbA1c
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level >7.0%. Patients must be cognitively able to participate,

understand, and be ableto compl ete questionnairesin Norwegian
language, and be able to use the mobil e self-management system
provided to the intervention groups. The exclusion criteria are
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any mental or physical conditions that interfere with the
protocol.

Patients treated in primary care from both the southern and
northern parts of Norway are recruited by their general
practitioners (GPs). The GPs obtain recruitment information
from the research team and are asked to recruit eligible patients
to the study. Patients are also recruited from “diabetes start
courses’ held by the specialist health care service, which are
offered to those newly diagnosed with diabetes in Norway by
local public health clinics in municipalities and by
advertisement. Patients willing to participate in the study are
first given a letter with a brief summary of the study and an
invitation to obtain more in-depth information about the study
and implications. This information is given both orally and in
written form in start-up meetings arranged by the project team.
Before entering the study, all patients are required to provide
written informed consent about their participation. All patients
included must be under the care of a GP who adheresto national
guidelines for diabetes care.

Randomization

Patients who meet our inclusion criteria sign the informed
consent form, complete the self-reported questionnaire, and are
randomized into one of the three groups through
block-randomization in the start-up meeting described above.
Randomization is performed through the Center of
Randomization at the Unit for Applied Clinical Research at the
Norwegian University of Science and Technology in Trondheim,
using WebCRF (Case Report Form). Immediately after
randomization, the patients are told which group they have been
placed. Those placed in the intervention groups are given a
mobile phonewith the self-management application in the same
meeting and taught how to use the phone and the application.
Those randomized to both the application and the health
counseling group is given information about this intervention
at the end of the same meeting. The reason for choosing this
procedure is to save time for those who travel a considerable
distance to participate.

Table 1. Five modules of the health counseling intervention.

Ribu et al

Development of the I ntervention

Overview

All participants receive usual care by their GP. The patientsin
the control group receive only usual care. Usual carein Norway
is regulated by national guidelines, which include at |east one
annual visit toaGP. Standard measurements are blood pressure,
serum concentrations of lipids and glucose, HbA1c level, and
weight and body massindex. The patient’s regular visit with a
GP includes treatment for elevated blood glucose, blood
pressure, and lipids when needed. The GP aso emphasizes the
importance of lifestyle changes[8].

Therearetwo intervention groups (I+11) in our study. In addition
to usua care, the participants in both the intervention groups
receive a mobile phone with the diabetes diary app referred to
as the Few Touch application, which is a sdf-help tool
comprising five dementsthat are accessibleto the user: (1) food
habits registration system, (2) blood glucose data management
system, (3) physical activity registration system, (4) personal
goal-setting system, and (5) general information system. Blood
glucose data are transferred automatically to the mobile
phone-based diabetes diary from the blood glucose meter when
the user has performed a measurement. Activity data and food
habits are entered manually by the user. The users can also set
personal goals for physical activity and food habits, access
related tips, and look up words and concepts related to their
disease.

In addition to the mobile phone, intervention group Il also
receivestheory-based health counseling delivered by adiabetes
specialist nurse working at a diabetes outpatient clinic at a
university hospital, and with the possibility of support from a
dietitian. The health counseling intervention comprises five
modules (Table 1) and is delivered over 4 months immediately
following the randomization. The nurse sends standardized short
messages (using short message service, SMS) afew daysbefore
calling to inform the patients of the planned content in the phone
conversation. The patients are also able to initiate SMS text
messaging to communicate with the diabetes specialist nurse.

Module

Module theme

Module 1 (intro)
Module 2 (1st month)
Module 3 (2nd month)
Module 4 (3rd month)
Module 5 (4th month)

Introduction

Living with diabetes
Goal setting

Diet and physical activity

Looking back and continuing forward

The Mobile Self-Management Tool

Several projectsfor designing various mobile self-management
systems within diabetes have been conducted at the Norwegian
Centre for Integrated Care and Telemedicine in Norway. The
T2D tool, the Few Touch application, has been developed
together with and tested on 12 patients with diabetes, as
described in a previous publication [50]. The app was both
designed and tested in close contact with persons with diabetes
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over a 3-year period. Obtaining constant feedback from
participants and having the ability to change the app as needed
during the testing-period, helped in making it a user-friendly
and practical app. Initial promising results were demonstrated
for this user-involved design process involving people with
T2D [51].

JMIR Res Protoc 2013 | vol. 2 | iss. 2 €34 | p.50
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Health Counseling

The health counseling intervention given to intervention group
Il isbased on a problem-solving method and is delivered by the
nurse through short telephone conversations with the patients.
The diabetes specialist nurse supports the patientsto (1) assess
problems, (2) identify possible solutions, (3) analyze strengths
and weaknesses, and the main advantages and disadvantages
of each solution, (4) select a solution based on the analysesin
the stage 3, (5) plan implementation, (6) implement the
solutions, and (7) review the process and outcome. This
problem-solving model is an evidence-based low-intensity
intervention with a practical and systematic approach. It was
developed for counseling and guided self-help for groups of
patients in mental health services in the United Kingdom. The
model has been described as useful for patients with diabetes
and other chronic diseases, and requires less support from the
health care provider in terms of duration and frequency of
contact [41,42].

One of the aims of the present study is to activate the patients
motivation toward self-management. In this regard, the Ml
techniqueincludesthefollowing approachesin the conversation
between the patient and the clinician (the diabetes specialist
nurse in our study): (1) establishing a collaborative partnership
between the patient and the clinician to find a solution, (2)
evoking from the patients what they aready have in terms of
their own motivation and resourcesfor change, and (3) honoring
the patients autonomy about how to live their lives. The

Figure 2. Pilot drawings.
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clinician has to resist the “righting reflex,” understand the
patients motivation, and listen to and empower the patients
[43].

To guide the participants in the change process, the nurse
assesses the motivational stages[44] for each patientinrelation
to diabetes-relevant areas and the use of the Few Touch
application. The health counseling is based on national
guidelines [8], and the intervention asillustrated in Figure 2 is
explained in the following text.

At thefirst stage, patients set goalsfor what kind of food intake
and physical exercise they plan in the next period. Then, the
blood glucose level is measured with Bluetooth-enabled glucose
meter that transfers blood sugar level data automatically to the
mobile phone. Thereafter, patients add food intake and activity
manually on the phone application. Accordingly, patients get
response from the application on how theindividually set goals
are met within the defined period.

Paralldl to the registration process, the following activities are
also carried out. First, patients in the health counseling group
have contact with the diabetes specialist nurse in parallel to
using the application, where relevant health-related questions
and results are discussed. Second, patients in both the
intervention groups (1+11), have regular consultationswith their
physician wherethey will be ableto sharetheir application data,
if they choose to do so. Finally, responsibility and control of
their data lie with the patients.

Mobile Self-Help Tool for Persons
With Type 2 Diabetes in Norway
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Information and Training

Both intervention groups (I+11) areinstructed in using the mobile
phone-based system. In the first session, they are given a
practical presentation of the diabetes diary from the project
group, which describes the different details recorded in the
diary. Thisis followed by a session in which the patients try
the same functionalities on their mobile phone. They are also
given a manual for the use of the mobile phone and the Few
Touch application both in a paper-based handbook and on a
USB memory stick. The telephone support service is available
on weekdays from 9:00 to 15.00 h, when support providers are
available to answer questions and help the participants with
technical aspects. The patients are also informed through the
consent form that the project team might contact them if they
are not using the phone at all, which is discovered by lack of
registrations on the central database server. Participants in
intervention group Il who additionally receive the health
counseling are given additional training in how to send and
receive SM'S messages securely to the diabetes specialist nurse
or dietitian.

Power Analyses

Power analyses were performed before recruitment to estimate
the sample size needed based on the HbA 1c level asthe primary
outcome. Given an effect size of 0.35, a significance level of
5%, a standard deviation of the outcome variable of 0.5,
statistical power of 80%, and atwo-tailed significance test, the
sample size was estimated to be 34 individuals in each group.
To compensate for dropouts, the sample was set to 50+50 (two
intervention groups), and 50 in the control group. A total of 151
patients were included.

Evaluation M easures

Overview

Our evaluation is based on the Model for Assessment of
Telemedicine (MAST), which is a framework developed for
the evauation of the TM interventions in RENEWING
HEALTH [39]. We are also using principles from the complex
intervention framework developed by the Medical Research
Council in the United Kingdom [52]. We intend to evaluate a
large number and variety of outcomes. The consolidated
standards of reporting trials (CONSORT) statements for
reporting parallel group randomized trialsare followed [53,54].
The study datainclude responses on self-reported questionnaires,
logs from the Few Touch application, and data collected from
patient journals obtained from the GPs. To assess the
representativeness of the sample, we will use data from the
general population with and without diabetes from the
Nord-Trendelag Health Study (HUNT 3) in Norway [55]. We
will aso conduct in-depth interviews with patients and health
care providers consecutively. In addition, we will collect data
from the technical support service to get knowledge about who
areusing the service, frequency of use, and what they are asking
for. Further, we collect notes from the diabetes nurse taken
during the health counseling. The measures in our study are
described in detail below.
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Demographics
These are sdlf-reported measures and include age, sex,

education, cohabitation, marital status, and working status of
the participant.

Clinical Measures

Data from the medical records include medication, dosage,
treatment period, and adjustments during the study period. Data
about height, weight, blood pressure, and waist circumference
are also obtained from medical records. Biological datainclude
HbA1c and lipid levels. Frequency of hypoglycemia and
comorbidities are self-reported, and late complications such as
atrial fibrillation, intermittent claudication, cerebrovascular
disease, coronary disease, and microalbuminuria are obtained
from the GPs.

Primary Outcome M easure

The primary outcomeisthe difference between the control group
and the intervention groups regarding change in HbA1c level
after 4 months and after 1 year. When possible, HbAlc levels
are recorded within 2 weeks before or after the expected date
of follow-up (ie, within a 1-month window) [56]. HbA1c level
has been shown to vary between 100 laboratories in the United
Kingdom and between the various HbA 1c assays in use [57].
In the present study, patients are included from different GP
offices, and there may be variationsin HbA1c levels recorded.
To avoid bias potentially introduced through the use of different
HbA1c assays, the DCA Vantage Anayzer from Siemens is
used when possible.

Secondary Outcome M easures

Short Form-36 for Measuring Health-Related Quality
of Life

This questionnaire contains eight conceptual domains within
physical functioning and mental health giving scores of 0-100:
(2) physical functioning, (2) role-physical, (3) bodily pain, (4)
general health, (5) vitality, (6) socia functioning, (7)
role-emotional, and (8) mental health [58,59]. It is one of the
most frequently applied surveys for measuring health-related
quality of life, and its domains are relevant for people with
diabetes [60]. The Short Form-36 (SF-36) was included in
RENEWING HEALTH to alow comparisons between different
regions included in the project and to allow comparisons with
norms.

Center for Epidemiological Studies Depression Scale
for Measuring Depression

The Center for Epidemiological Studies Depression Scaleisa
tool for measuring depressive symptoms, but not for diagnosing
depression [61]. It assesses the behavioral, cognitive, and
affective symptoms of depression, and measures sleep
disturbance and loss of appetite, which can be important signs
of depression and may have major impact on diabetes
management.
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Behavior Change and Empower ment

Health Education Impact Questionnaire (heiQ)

The Health Education Impact Questionnaire (heiQ) contains 40
guestions to measure the effectiveness of patient education and
self-management interventions for people with chronic
conditions, as well as the patients' health competence. It is an
eight-scale questionnaire with the following domains. (1)
positive and active engagement in life, (2) health-directed
behavior, (3) skill and technique acquisition, (4) constructive
attitudes and approaches, (5) self-monitoring and insight, (6)
health service navigation, (7) social integration and support,
and (8) emotional well-being. The instrument has been proven
to bevalid and reliable [62]. The instrument has recently been
translated to Norwegian, and a psychometrically testing is
ongoing.

Diabetes Empowerment Scale-Short Form

The Diabetes Empowerment Scale-Short Form (DES-SF) has
eight items related to managing the psychosocial aspects of
diabetes, and measures readiness to change and achieve goals
[63,64]. The DES-SF has been proven to be valid and reliable,
although the short form has not been through a test-retest
validation [65]. This instrument has been trandated into
Norwegian for the present study.

Physical Activity

Measures of physical activity are collected by the same questions
asinthe HUNT 3 study for comparison purposeswith adiabetes
sample from the general population. We have also included one
guestion based on the transtheoretical stages of changeto assess
the respondents’ motivation toward physical activity and change
in activity level [66].

Nutritional Habits

Measures of nutrition are collected using the same questions as
those used by the Cancer Registry of Norway in the Norwegian
Colorectal Cancer Prevention study, which collects data about
the intake of fruit, vegetables, and fat [67]. Motivation for
changing nutritional habits is assessed using a question based
on the transtheoretical stages of change [46].

Patient Acceptability

Measurement of the Usability of the Mobile
Sdlf-Management Tool

The usability of the mobile self-management tool FTA Touch
application will be measured by the System Usability Scale
(SUS) that comprises 10 items to provide a global view of the
patients' subjective assessment of usability. The SUS has been
found to be a “valuable and robust tool in helping assess the
quality of abroad spectrum of user interfaces’ [68]. The measure
has been used earlier in Norway [50].

Assessment of the Patients' Perceptions

To assess the patients perceptions about the mobile
self-management tool Few Touch application, the patient
acceptance questionnaire, Service User Technology
Acceptability Questionnaire, used in the Whole Systems
Demonstrator program [69] is used in al pilot studies of
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RENEWING HEALTH. This questionnaire contains 22 items
within the following domains: utility of the kit, effect on health
status, effects on access to care, effects on health care/social
care, privacy, suitability of the kit, and satisfaction with the kit.

Patients' Experiences With the | ntervention

We are also integrating a qualitative evaluation with in-depth
interviews of consecutive patients at the end of the study. We
are using grounded theory [70] and have developed a
semistructured interview guide to obtain patients’ experiences
and their degree of satisfaction with theintervention. Integrating
a qualitative approach into this RCT may strengthen the
description of its effects. The interviews will be conducted by
aresearcher who had no earlier contact with the patients. The
interviews will continue until saturation of datais achieved.

Health Car e Per spectives

Health Care perspectives will be collected through
semistructured interviews with health care professionals,
doctors, and nursesin the GP offices and the diabetes outpatient
clinicsinvolved in this study. The focus for this evaluation will
be facilitators for and obstacles to using the system provided
or similar systems.

Cost-Effectiveness

The objective of the economic study is to analyze whether the
interventions in addition to standard care are cost effective
compared to standard care alone. The study will be conducted
from a societal perspective; all costs and consequences falling
on the health service as well as on the patient and their
employers will be included. The analysis will include data on
investments in the TM app, as well as training costs, cost of
maintenance, and technical support. Data on health resource
use (such as GP visits, hospital admissions, and contacts with
nurses), transportation costs, and costs of foregone production
are also collected. Market prices, tariffs, and average wages
(including employment costs) will be used as cost weights or
unit costs and will be presented alongside resource data. Total
costs of the treatment arms will be compared with the benefits
of improving the patients’ health. Health benefits will be
measured in quality-adjusted life years (QALYS).
Patient-specific QALY swill be computed from the SF-36 Health
Survey by employing an estimated preference-based algorithm
developed by Brazier et a [71]. QALY s will be calculated by
using under the curve analysis, with linear interpolations
between utility scores collected at baseline, 4 months, and 12
months assessments. Incremental cost per QALY will then be
calculated and incremental cost-effectiveness ratios will be
reported and presented on the cost-effectiveness plane [72].

Statistical Analysis

Baseline measurements will be presented using descriptive
statistics. The participants will be block randomized, and the
groups should therefore be equal in age and gender distribution.
The groups will be compared with regard to clinically relevant
variablesto ensure they are comparable. Because of the limited
size of the groups, they may differ on some variablesand, when
such variables are identified, they will be adjusted for in the
statistical analyses, for example, by treating them as possible
confounders.
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Baseline data will be compared with data from the normal
population (HUNT 3 study) to assess whether our sample is
representative of the entire population of Norwegian individuals
living with diabetes.

The differences in the main outcome between baseline and 4
months and between baseline and 1 year will be compared
between the three groups. First, the crude difference will be
analyzed using analysis of variance with post hoc tests
(differences between groups). The difference between baseline
and the following two measurements within each group will be
analyzed using at test. When a change in a selected outcome
variable is identified, this change will be modeled using linear
regression adjusted for possible confounders.

The cost-effectiveness data will be analyzed using standard
statistical analyses depending on the distribution of the data.
Missing values will be replaced by imputation. Mean values
and 95% CI will be reported for each component of resource
use as well as for total costs and effectiveness. Sensitivity
analyses will be conducted to handle nonsampling variation.

Our study has a longitudinal design and we expect some
dropouts. Therefore, we will perform two analyses: one based
on intention to treat and another based on the participants who
actually participated actively in our study (per protocol).

Ethical Consider ations

The study has been approved by the Regional Ethics Committee.
The patients will be guaranteed full confidentiality and are
required to provideinformed consent to participatein the study.
The security associated with the server will ensure the safety
of the data. Only anonymous data are sent in an encrypted way
over the Internet, and the data will be stored anonymously.
There are ethical concerns about clinical trials when some of
the patients receive the intervention, while others do not.
However, all patients will receive the usua care by their GPs,
who will be aware of their patients' participation in the study.

Results

The inclusion of patients started in March 2011, and 100% of
the planned sample size is included (N=151). Of al the
participants, 26/151 patients (17.2%) are lost to follow-up by
now, and 11/151 patients (7.3%) are still in thetrial. Results of
the study protocol will be presented in 2014. The aim of this
study isto validate and evaluate innovative TM toolson alarge
scale through acommon eva uation, making it easier for decision
makers to choose the most efficient and cost-effective
technological interventions.

Discussion

Despitealarge number of studiesof TM and systematic reviews
of the effects of TM, there remains a lack of consensus in
research findings [28]. The key elements in this trial are the
effect of an intervention that combines a mobile
self-management tool with motivational support and the
comparison with an intervention comprising TM alone. It is of
interest to investigate the effect of the TM application with and
without health counseling, and it is reasonable to question
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whether health counseling isimportant for the continued use of
tools such as those in this study and for patients health
competence and acceptability. One might question whether the
health counseling part of the intervention will motivate the
patients or whether the repeated phone calls from the diabetes
nurse will become more tiresome than supportive and thus
unwanted. Research on this question is needed, but to our
knowledge, no studies have investigated this thoroughly.

We have chosen to include adult patients of all ages and some
not familiar with mobile phones. Our qualitative approach will
allow us to search for possible limitations in the use among
different groups of patients. This may give us valuable
knowledge about how to encourage the use among different
groups of patients and how to assess the effects of a
low-intensity intervention on different subgroups. Our
qualitative approach might also reveal important information
in discussions with patients and health personnel about how to
integrate self-management tools in the health care system.

The patientsincluded in the study may represent those who are
open to new technology and who are willing to participatein a
complex intervention; thus, the acceptability to using such
devices may be lower in the wider population. It will be
important to assess representativeness. In Norway, we have data
from large population-based studies that are well suited for
comparison purposes. Recruitment to RCTs is also frequently
problematic [73,74], and one concern in the present RCT is
whether patients who are eligible will be disappointed when
they are randomized to the control group and not to an
intervention group receiving the Few Touch application or the
application together with health counseling. Thereis reason to
guestion whether an RCT is suited to this type of study when
we are recruiting possibly motivated patients to participate in
aTM intervention and they may be randomized to the control
group. Different designs that are more flexible and clinically
useful have been discussed [73], and our study may contribute
to this discussion, which is of current interest.

In the present study, we have chosen HbA 1c level asthe primary
outcome. Many people with diabetes have poor understanding
of their HbA1c level, and only few remember their actual test
results. The level of agreement between perceived glycemic
control and actual HbA1c valuesis aso poor [75]. This could
be a challenge in our research when the primary outcome is a
measure of which many patients may have a poor awareness
and understanding. In addition, glycemic control may not be a
goa for some patients when they volunteer for the study.
However, the patientsin theintervention groupswill have access
to information about their blood glucose measures through the
Few Touch application, and one of the intervention groups will
additionally receive health counseling to help them attain
self-management and diabetes control.

Evaluations of telehealth interventionsfor personswith diabetes
have focused mostly on the achievement of aclinical outcome
in terms of glycemic control. Nolte et a [38] performed an
in-depth analysis of outcome measures used to eval uate chronic
disease self-management programs and found that decisions
about the value and efficacy of chronic disease self-management
programs should beinterpreted with care. Thereisanimportant
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difference between clinical measures (eg, HbA1lc level) and
patient-reported outcomes. Theformer can be assessed rel atively
accurately, whereas assessments of patient-reported outcomes
have considerably more measurement error and varying degrees
of bias caused by question interpretation and personal appraisal.
There is a need for further research, qualitative studies in
particular, to unravel the cognitive processes and the role of
response shift biasin the measurement of change [76]. We will
take into account this challenge in our study by using severa
eval uation-based measures requiring alarge amount of personal
judgment. Our mixed-method design and inclusion of in-depth
qualitative interviews of consecutive patients leaving the study
will help usidentify their experiences and reflections, and will
provide a more comprehensive description of the effects of
processes in our evaluation of the intervention.

Another concern in a complex intervention such as oursisthe
benefit of the attention that all the participants receive during
the study period from different persons, for example, the effect
from the patients awareness that they are participants under
study (Hawthorne effect) [ 77]. The intervention groups receive
attention from the technical support team during the 1-year use
of the tools provided, and all groups may receive attention
during the collection of data at the three time points. Finally,
the GPswill beaware of “their” patients participationin astudy
in which HbA1c is the primary outcome, and this may induce
them to provide better treatment. We must avoid the effects of
other possible interventions given by these professionals. The
possibility that improvements may be caused by intensified
provider consultation has been described in arecently conducted
review [28], and researchers should be aware of this problem.
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Abstract

Background: Procrastination, to voluntarily delay an intended course of action despite expecting to be worse-off for the delay,
is a persistent behavior pattern that can cause major psychological suffering. Approximately half of the student population and
15%-20% of the adult population are presumed having substantial difficulties dueto chronic and recurrent procrastination in their
everyday life. However, preconceptions and a lack of knowledge restrict the availability of adequate care. Cognitive behavior
therapy (CBT) is often considered treatment of choice, although no clinical trials have previously been carried out.

Objective: The aim of this study will be to test the effects of CBT for procrastination, and to investigate whether it can be
delivered viathe Internet.

Methods: Participants will be recruited through advertisements in newspapers, other media, and the Internet. Only people
residing in Sweden with access to the Internet and suffering from procrastination will be included in the study. A randomized
controlled trial with asample size of 150 participants divided into three groups will be utilized. The treatment group will consist
of 50 participants receiving a 10-week CBT intervention with weekly therapist contact. A second treatment group with 50
participants receiving the same treatment, but without therapist contact, will also be employed. The intervention being used for
the current study is derived from a self-help book for procrastination written by one of the authors (AR). It includes several CBT
techniques commonly used for the treatment of procrastination (eg, behavioral activation, behavioral experiments, stimulus
control, and psychoeducation on motivation and different work methods). A control group consisting of 50 participants on a
wait-list control will be used to evaluate the effects of the CBT intervention. For ethical reasons, the participants in the control
group will gain access to the same intervention following the 10-week treatment period, abeit without therapist contact.

Results: The current study is believed to result in three important findings. First, a CBT intervention is assumed to be beneficial
for people suffering from problems caused by procrastination. Second, the degree of therapist contact will have a positive effect
on treatment outcome as procrastination can be partially explained as a self-regulatory failure. Third, an Internet based CBT
intervention is presumed to be an effective way to administer treatment for procrastination, which is considered highly important,
as the availability of adequate care is limited. The current study is therefore believed to render significant knowledge on the
treatment of procrastination, as well as providing support for the use of Internet based CBT for difficulties due to delayed tasks
and commitments.

Conclusions: To our knowledge, the current study is the first clinical trial to examine the effects of CBT for procrastination,
and is assumed to render significant knowledge on the treatment of procrastination, as well as investigating whether it can be
delivered viathe Internet.

Trial Registration: Clinical Trials.gov: NCT01842945; http://clinicaltrials.gov/show/NCT01842945 (Archived by WebCite at
http://www.webcitation.org/6K SmaxXewC).

(JMIR Res Protoc 2013;2(2):e46) doi:10.2196/resprot.2801
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Introduction

Defining Procrastination

Procrastination is defined as “to voluntarily delay an intended
course of action despite expecting to be worse-off for the delay”
[1]. It involves the postponement of initiating or completing a
task or commitment until the last minute, after a predetermined
deadline, or indefinitely. Albeit similar to difficulties prioritizing
or being self-assertive, procrastination requires an active choice
between competing activities, in which oneisbeing avoided in
favor of the other [2]. A common explanation for procrastination
isbased on learning theory and research on mativation and goal
setting [3]. According to this perspective, procrastination isthe
result of an interaction between four variables: (1) expectancy,
(2) value, (3) impulsiveness, and (4) time, also known as the
procrastination equation [1]. Procrastination is a common
behavioral pattern among adolescents and adults, and is
presumed to be on the rise because of growing demands on
individual responsibility and work flexibility, aswell as greater
availability of modern information technology [1]. Particularly
vulnerable are young people studying at college or university,
approximately half of this population suffers from difficulties
due to procrastination, compared to 15%-20% in the general
public [4]. Procrastination does not only cause problems
concerning thetask at hand, but has also been related with lower
performance in school as well as work, decreased well-being,
financial concerns, greater physical and mental illness, and
fewer mental health seeking behaviors [5-8]. Both stress and
anxiety are common among individuals who procrastinate
recurrently, and is correlated with the degree of their difficulties
[9,10].

Procrastination Treatment

Even though procrastination is affiliated with great unrest among
those afflicted, research on effective trestment methods is
currently lacking. Cognitive behavior therapy (CBT) is often
considered the treatment of choice, but since no clinical trias
in the field of procrastination have been undertaken to date, its
effectivenessisunknown [11]. The assumption that CBT might
be beneficial for people suffering from difficulties due to
procrastination istherefore primarily based on face validity and
singe case studies. However, several of the cognitive and
behavioral techniques used with people suffering from
procrastination stem from treatment methods that have been
proven effective for other psychiatric disorders. Behavioral
activation is, for instance, originally developed for depression
[12], but is often utilized in situations where a high degree of
avoidance is causing great distress and decreased well being
[13]. In relation to procrastination, behavioral activation helps
the individual change an ongoing behaviora pattern so that
tasks and commitments are approached rather than avoided.
Thisusually requires someform of graded exposure considering
the fact that procrastination is often reinforced by the
unwillingness to experience discomfort [2]. Behavioral
experiments can also be used to facilitate areeval uation of work
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methods and presumptions regarding one's own ability to
achieve certain goals [14], aspects that are often characterized
by either exaggerated optimism or pessimism among people
who procrastinate [3]. This is often accompanied by other
cognitive therapy techniques that aim to modify rigid and
dysfunctional thoughts and assumptions that hinder the
individual to behave more flexibly [15]. In addition, recent
research findings in cognitive neuroscience and industrial
psychology stress the importance of creating an effective work
environment (eg, inhibiting the use of multitasking, decreasing
the number of distractions, and preventing ego-depletion)
[16-18]. In CBT thisisgenerally referred to as stimulus control,
and is regarded as beneficial for people who are afflicted by
certain stimuli in their environment (eg, managing triggers for
anxiety or avoiding situationsthat can cause problem behaviors
such as substance abuse or deliberate self-harm) [19].

The effectiveness of specific CBT techniquesfor procrastination
is however uncertain, thus making it unclear what mediates
treatment outcome [11]. Since no clinical trials have yet to be
carried out, it is not certain whether cognitive therapy,
behavioral therapy, or a combination of both, is best suited for
the trestment of procrastination. However, arecent metaranalysis
indicates that several interventions related to addressing values
and rewards, achieving stimulus control, enhancing goal-setting
skills, and the utilization of success-spirals, could be beneficial
for people suffering from procrastination [3]. Hence, certain
CBT techniques, aswell as methods from other disciplines, are
assumed to be effective in treating procrastination.

Trial Objectives and Purpose

The aim of this study is to examine the effects of CBT for
procrastination, and to investigate whether it can be delivered
via the Internet. The study will be based on a self-help book
written by one of the authors (AR) [20], which for the purpose
of the current research project has been divided into 10 modules
that are to be delivered weekly to the participants. There will
be two treatment groups used, one with therapist contact and
one without, as well as await-list control group. It is assumed
that the treatment group with therapist contact will be superior
to the treatment group receiving no therapist contact since
procrastination can be partially explained as a self-regulatory
failure. Both treatment groups are presumed to be superior to
the wait-list control.

Methods

Participantsin the Sample

The current study is a randomized controlled tria
(NCT01842945) with a total sample size of 150 participants
divided into three groups; treatment with therapist contact (50
participants), treatment without therapist contact (50
participants), and wait-list control (50 participants). For ethical
reasons the participantsin the control group will gain accessto
the same intervention following the 10-week treatment period,
albeit without therapist contact.
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Thelntervention

There will be 10 modules from a sdf-help book on
procrastination administered weekly to the participants viathe
Internet. These will contain psychoeducation, including
information on the mechanisms underlying procrastination,
different aspects affecting motivation, the concept of
ego-depletion and mental fatigue, as well as a basic rationale
of CBT. The modules will also include severa techniques
commonly used in the treatment of procrastination (eg,
behavioral activation, graded exposure, behaviora experiments,
identifying and testing rigid beliefs and assumptions, and
stimulus control) [3,11,15]. The fina module will focus on
relapse prevention in order to successfully maintain behavior
change[21].

The participants are instructed to study the material and carry
out the assignments in each module. This consists of writing
down any thoughts and ideas that arise from reading the
provided psychoeducation, as well as carrying out different
exercises each week (eg, goal-setting, time scheduling,
identifying distractions, value clarification, and analyzing
behavior patterns. For those participants receiving therapist
contact, the completed assignments are retrieved at the end of
every week in order to get continuous feedback on their work.
This condition is assumed to be superior to those participants
that are given each module without therapist contact as
procrastination is maintained by difficulties concerning time
management and task avoidance [3]. In other words, the
presence of an external source of control (ie, atherapist contact)
is expected to result in greater treatment outcome, as it will
ensurethat the partici pants undertake each module and practice
relevant techniques. Similar to homework assignments in
traditional face-to-face CBT, which has been found to increase
both learning and adherence[22], receiving therapist contact is
assumed to improve compliance throughout the treatment period.
The feedback from atherapist contact can also be considered a
source of positive reinforcement that many participants might
lack when working on their day-to-day tasks and commitments
[19]. However, even without atherapist contact participantsare
assumed to gain significant improvement as prior studies of
Internet based CBT indicatethat also aminimal level of therapist
contact can have a positive effect on treatment outcome [23,24].

Internet based CBT has previously been found to be an effective
way to administer treatment for several psychiatric conditions
[25]. This includes depression [26], socia phobia [27], panic
disorder [28], generalized anxiety disorder [29], insomnia[30],
post-traumatic stress disorder [31], tinnitus [32], and
pathological gambling [33] among others. Internet based CBT
is considered having several advantages over traditional
face-to-face treatment (eg, higher cost-effectiveness, increased
accessibility, greater possibility to reach patients in remote
locations, and lower attrition rates) [34].

Control Condition

The participants in the control group will be on a wait-list
throughout the 10-week treatment period, and this group is
expected to be inferior to the other two treatment groups. For
ethical reasons the participants in the control group will gain
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accessto the sameintervention following the 10-week treatment
period, albeit without therapist contact.

Sample Size

The current study includes 150 participants randomized into
three groups (i, 50 participantsin each group). Sincenoclinical
trialsinthefield of procrastination have been undertaken, there
areno previous effect sizesto takeinto consideration. However,
50 participants in each group are deemed sufficient to find
clinically significant differences.

Referral and Recruitment

Participants will be recruited through advertisements in
newspapers, other media, and on the Internet. Only people
residing in Sweden, having Internet access, and suffering from
difficulties due to procrastination will be included in the study.

Inclusion Criteria

Participants will be included in the study if their primary
difficulties are caused by chronic and severe procrastination.
However, since procrastination is not considered a psychiatric
condition there will be no need to utilize diagnostic criteria (ie,
Diagnostic and Statistical Manual of Mental Disorders Fourth
edition, DSM-1V) [35], or a structured clinical interview (ie,
Structured Clinical Interview for DSM-1V) [36]. In order to
determine and evaluate the severity of procrastination several
primary outcome measures will be used (eg, the Pure
Procrastination Scale, PPS; the I rrational Procrastination Scale,
IPS; and the Susceptibility to Temptation Scale; STS) [37]. To
date, none of the primary outcome measures have clinically
established cut-offs. However, greater than 32 pointson the IPS
have been found to distinguish more severe cases of
procrastination (ie, top 25%) [1], and will therefore be used as
cut-off for inclusion.

Exclusion Criteria

In order to beincluded in the study participants are required to
have a Swedish residency, to be at least 18 years of age, and
fluent in Swedish, as well as having a computer with Internet
access. Participants are not alowed to have an ongoing
psychotherapy, and in case of taking psychotropic medication,
the dose must have been stabilized for at least three months
prior to entering treatment. Psychiatric conditionsare not criteria
for exclusion aslong as procrastination isthe primary problem.
However, participants with severe depression (> 30 points on
the Montgomery Asberg Depression Rating Scale Self-report
version, MADRS-S) [38], suicidal ideation, neuropsychiatric
conditions (ie, Attention deficit hyperactivity disorder and
Attention deficit disorder) misuse of alcohol or drugs, bipolar
disorder, schizophrenia, and psychosis will be excluded from
the study.

Informed Consent
Participation will require awritten informed consent.

Withdrawal

Participation can be withdrawn at any time during the treatment
period without specifying a reason behind the decision. In
addition, should the condition of a participant deteriorate,
supervising clinicians may choose to end the participation
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prematurely and direct the participant to other health care
services.

Safety Monitoring and Reporting

The current study adheres to the Swedish Personal Data Act
[39]. Thedatabeing stored will be encrypted, and al participants
will receive an auto-generated identification code in order to
log onto asecure online interface (eg, 1234abcd), thus ensuring
the anonymity of the participants during the analysis of the
results. All communication with the participantswill take place
within the secure online interface that requires an electronic
identification (ie, Secure Sockets Layer Certificates). Only
reminders to log on to the secure online interface will be sent
to the participants' private email. At the postassessment, and at
all subseguent assessment points, questions probing for adverse
events will be used [40].

Primary Outcomes

Primary outcome measures will be self-assessment of
procrastination using a Swedish version of the PPS [37], the
IPS[37], and the STS[37]. The PPSfeatures 12 items measuring
the prevalence of procrastination, and was originally devel oped
toimprovethevalidity of severa different procrastination scales
[37]. The items used in the PPS have a reliability of .92, and
the PPS showsimproved convergent validity with other related
measures. The | PS features nine items measuring the degree of
irrational delay causing procrastination. The items used in the
IPS have a reliability of .91, and the IPS correlates together
with the PPS at .96, allowing them to be used as parallel forms
and share validation efforts [37]. The STS features 11 items
measuring the susceptibility to temptation, which can affect the
ability to follow through atask or commitment. The itemsin
the STS have a reliability of .89, and demonstrate correlation
with both the PPS and the IPS. However, since none of the
primary outcome measures contain established cut-offs, clinical
assessment will be used to determine treatment outcome.
Participantswill complete the primary outcome measures before
commencing the treatment period, immediately upon completion
of the treatment, and at the 12-month follow-up. Participants,
including those on wait-list control, will also complete the IPS
each week during the treatment period, allowing continuous
measurement and increasing the statistical power.

Secondary Outcomes

Secondary outcome measures will be self-assessment of
depression, anxiety, and quality of life using the MADRS-S
[41], Generalized Anxiety Disorder Assessment 7-item (GAD-7)
[42], and Quality of Life Inventory (QOLI) [43]. MADRS-Sis
a self-assessment version of MADRS, and features nine items
measuring changesin mood, anxiety, deeping patterns, appetite,
concentration, initiative, emotional engagement, pessimism,
and attitude towards life [38]. MADRS is designed to be
particularly sensitive to treatment effects, and shows high
correlations, from r=.80 to .94, between expert ratings and
self-reports [44]. GAD-7 features seven items for assessing
anxiety, and screening for generalized anxiety disorder. GAD-7
hasyielded good internal consistency, Cronbach alpha .92, and
a good factoria structure, 69% to 81% of variance explained
[42]. QOLI features 32 items concerning 16 areas of life rated
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by the subject concerning importance and satisfaction. QOLI
hasyielded good internal consistency, Cronbach al phabetween
.77 and .89, as well as one month test-retest reliability, from
r=.80 to .91 [43,45]. Participants will complete the secondary
outcome measures before commencing the treatment period,
immediately upon completion of the treatment, and at the
12-month follow-up.

Analysis

The study design will allow multiple comparisons-the two
treatment groups, with or without therapist contact, will be
compared to the wait-list control (separately and together) at
posttreatment. In all subsequent analyses, the treatment groups
will include those from the control group later randomized to
interventions, which will increase the statistical power. Thetwo
treatment groups will be contrasted with the control group.
Further, the treatment group with therapist contact (group 1)
will be contrasted with the group without therapist contact
(group 2). At the 12-month foll ow-up, within-group comparisons
will be made with previous results. A number of statistical
analyseswill be deployed, al of which will be analyzed by the
intention-to-treat approach. Treatment outcomes will be
examined using mixed-effect model's, Bonferroni-correcting for
multiple comparisons. Thismethod is deemed preferableto uni-
and multivariate repeated measures of variance [46]. Standard
missing dataanalysis (eg, t tests, chi-sgquare of severity and sex)
will be utilized to determine if unexpected missing data due to
participant drop out are random or not.

All outcome measures will be completed directly by the
participants via an online interface, minimizing the risk of data
loss or data distortion [47,48]. Data will be stored encrypted
and in unidentifiable form using an auto-generated identification
code.

Ethics

Theregional Ethical Board (Dnr 2013/974-3175) has approved
the current study. In the application, the following potential
ethical issueswere addressed. First, great consideration will be
taken not to include participants suffering from any other
primary diagnosis such as severe depression, suicidal ideation,
or other disorders in immediate need of trestment. Should the
condition of a participant deteriorate significantly during the
treatment period, supervising clinicians may choose to end the
participation prematurely and direct the participant to other
health care services. Second, no adverse side effects of CBT
interventions are assumed to occur. However, this will
nonetheless be investigated by asking standard treatment side
effects questions at the posttreatment measurements[49]. Third,
when using the Internet to communicate and administer
interventions, the privacy of the participants is of the greatest
importance[50]. Asmentioned earlier, participantswill therefore
use anonymous auto-generated identification codes to interact
with a secure online interface, and only reminders will be sent
to the participants’ private email.
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Discussion

The Current Study

The current study is a randomized controlled trial examining
the effects of Internet based CBT for procrastination and is
believed to result in several important findings. First, research
on procrastination has mainly focused on underlying
mechanisms affecting motivation, often involving the study of
personality constructs and different demographic variables
[3,11]. Although some factors have been found to mediate
difficulties due to procrastination (eg, neuroticism, self-efficacy,
self-esteem, depression, age, and gender) [15,51-53,54,55], the
results are far from consistent and the implications not aways
clear [3]. Meanwhile, research on the treatment of
procrastination is scarce, affecting the possibility of receiving
adequate care. CBT is often considered the treatment of choice,
even though no clinical trials have yet been carried out [11].
The aim of this study will be to test the effects of CBT for
procrastination, thereby generating significant knowledge on
what interventions can be used in the treatment of difficulties
due to unattended tasks and commitments.

Second, previous research on Internet based CBT has found it
to be an effective way to administer treatment for severa
psychiatric conditions. It istherefore presumed to be beneficial
for people suffering from procrastination. The aim of this study
will betoinvestigate whether CBT for procrastination can have
a positive effect on treatment outcome if delivered via the
Internet, and to test whether or not receiving weekly therapist
contact can influence treatment outcome. This is considered
highly important as the availability of adequate careislimited,
and should it prove effective in aleviating difficulties due to
procrastination, it would greatly increase the possibility of
receiving treatment regardless of geographic location.

Trial Status

The recruitment of participants to the current study was
completed in August 2013. The treatment period commenced
in September for both treatment groups and ends in December
the same year. The wait-list control will begin treatment two
weeks later and finish in February 2014. Preliminary results
will be availablelater the same month. Follow-up will be carried
through 12 months later (ie, December 2014 for the two
treatment groups and February 2015 for the control group).

Acknowledgments

Summary

To our knowledge, the current study is thefirst clinical trial to
examinethe effects of CBT for procrastination, and is assumed
to render significant knowledge on the treatment of
procrastination. The study aso investigates whether Internet
based CBT, either with or without support from a therapist
contact, can be beneficial for people suffering from difficulties
due to procrastination.

Study Limitations

The current study has some limitations that need to be
recognized. First, due to the fact that procrastination is not
considered a psychiatric condition there may arise difficulties
concerning the evaluation of clinically significant change. In
order to assess the effects of the interventions being employed,
self-assessments are utilized to determine the severity of
procrastination among the participants. However, since none
of the primary outcome measures contain clinically established
cut-offs, the Reliable Change Index will be used to determine
clinical significant change [56]. This might affect the validity
and reliability of the results, but is compensated for by the use
of secondary outcome measures (eg, MADRS-S, GAD-7 and
QOLI), as procrastination often causes great unrest and
decreased well being among those afflicted. Second, the use of
a Swedish version of the primary outcome measures can also
influence the validity of theresults, which iswhy an authorized
tranglator is hired to ensure that no significant loss of meaning
is being made during the translation process. Third, another
limitation in need of recognition is the involvement of master
students in clinical psychology as online therapists. To make
up for the students lack of training and experience, an
experienced licensed clinical psychologist and psychotherapist
will supervise al involvement in the study.

Conclusions

Procrastination is a common psychological problem causing
major distress, especially among the student population. CBT
is deemed the treatment of choice and is evaluated in aclinical
trial conducted entirely over the Internet.
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Abstract

Background: Informal caregivers (CGs) of patients with Alzheimer’'s disease are at risk of suffering from psychological and
physical weakening. Several psychoeducational interventions have been designed to prevent stress and burden of caregivers. In
France, despite health authorities' recommendations, to our knowledge thereisno rigorously assessed Web-based psychoeducational
program to date.

Objective: The abjective of our study was to assess the efficacy of a French Web-based psychoeducational program (called
Diapason) with an unblinded randomized clinical trial.

Methods: In this protocol, 80 informal caregivers of patients followed at Broca Hospital are recruited offline and randomized
in the experimental condition (EC) or the contral condition (CC). The volunteersin EC have to visit a closed online user group
at least once a week and validate one new session of this fully automated Web program, during 12 weeks. Each week a new
thematic is added to the website. The participants in the CC receive usual care, and have access to the Diapason program after
their participation (6 months). Face-to-face evaluations for both groups are planned every 3 months (M0O-M3 and M6). Themain
objective of this program isto provide CGs with information on the disease process, how to prevent psychological strain (using
anticipation and rel axation techniques), and offering avirtual space (forum) to discusswith other caregivers. The primary outcome
of this study is the self-perceived stress, while self-efficacy, burden, depression, and self-perceived health status are defined as
secondary outcomes. Other variables that might have an impact on the program efficacy are collected.

Results: This protocol was accepted for funding. The enrollment began in October 2011, and participants currently recruited
will finish their evaluations in January 2014. The results are expected for June 2014.

Conclusions:  Findings might provide empirica evidence on: (1) the feasibility of an Internet-based program in the French
context, (2) the effectiveness of a Web-based program for informal caregivers, and (3) the identification of caregivers who will
benefit from this type of intervention.

Trial Registration: Clinicaltrials.gov NCT01430286; http://clinicaltrials.gov/ct2/show/NCT01430286 (Archived by WebCite
at http://www.webcitation/6KxHaRspL ).

(JMIR Res Protoc 2013;2(2):€55) doi:10.2196/resprot.2978
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Introduction

Background

Informal caregivers (CGs) of patients with dementia have an
important rolein the prevention of patients’ institutionalization.
Unfortunately, CGs are proneto high levels of stressand are at
higher risk of weakening mental and physical health, lower life
expectancy, and lesser economic security than people who are
not confronted with such stressful situations [1]. In order to
prevent these consequences various programs have been
developed for them, which have shown a positive effect on
caregivers' burden, depression, or stress [2-4]. Furthermore,
several studies have demonstrated the protective role of
resilience and coping factors for this population [5].

The new recommendations following French Alzheimer's Plan
2013[6] underlined the use of Web-based interventionsin order
to inform and support family caregivers.

Distance-Based | nterventions

There are many reasons for caregivers to use or to prefer a
distanceintervention instead of aface-to-face one. In fact, CGs
spend a lot of their time in care activities, supporting directly
(eg, cooking, housekeeping, supervising their loved ones) or
indirectly (eg, doing administrative, financial, or logistic
management) their relatives. Furthermore, the time requested
for caring increases with the disease progression, and finding
time for their own respite can be quite difficult. In fact, severa
CGs fulfill many roles, such as being parent, grandparent,
worker, and friend. Finally, some of them livein remoteregions
and other CGsdo not feel at ease with face-to-face interventions
or prefer aflexible time/content intervention [7].

Distance interventions, based on information and
communications technology (ICT), appeared in the earlier part
of the 21st century in order to propose an aternative intervention
to caregivers unable to access health centers delivering
face-to-face programs. Distant programs have shown a positive
effect on self-perceived stress, burden, depression symptoms,
and social support of caregivers[7-14]

In the case of caregivers of patients with dementia, severa
websites exist in France, but these programs have not been, to
our knowledge, subjected to arandomized clinical trial.

It is therefore relevant to evaluate the impact of ICT-based or
distance-based interventions on the mental and physical health
status of caregiversin a controlled experimental study with a
French population. It could represent a base for the health care
policies and facilitate financial support for these initiatives.

Diapason [15] is a fully automated Web-based version of a
psychoeducational program, inspired by the group intervention
sessions from the geriatric service of BrocaHospital called Aide
danslaMaadied Alzheimer (AIDMA) program, or in English:
Helpin Alzheimer’sdisease. AIDMA was assessed in aprevious
study including 167 dyads “patient-caregiver” and showed a

http://www.researchprotocols.org/2013/2/e55/

significant improvement in disease understanding and in the
ability to cope with care-recipients disease [16,17]. The
difficulty to schedule and attend all sessions (once per week
during 12 weeks) for some of the caregiverswasthe main reason
to adapt the program into an Internet-delivered version. Thus,
we have adapted and designed a Web-based program in order
to improve the accessibility for caregivers.

The purpose of this article isto present the study protocol of a
randomized clinical trial designed to evaluate the efficacy of
Digpason, a Web-based psychoeducational program for
caregivers of patients with Alzheimer's disease (AD). Our
hypothesisisthat the Diapason program reducesthe caregiver’s
perceived stress and burden and enhances hisher self-efficacy
and self-perceived health. This study protocol has received
approval from the French competent authorities (ie, Agence
Francaise de Sécurité Sanitaire des Produits de Santé, Centre
de Protection de Personnes—CPP, Commission nationale de
I'informatique et des libertés).

Methods

Study Design

Thisis a pragmatic and unblinded randomized controlled trial
(NCT01430286) of a Web-based psychoeducational program
for the CGs of patients diagnosed with AD. Two parallel groups
are compared. The experimental group receives immediate
access to a Web-based program, and the comparison group is
given the information usually delivered to the patient by the
geriatrician during follow-up consultations. In addition to the
baseline visit, two follow-up visits at the hospital are planned
at 3 and 6 months.

Participant Eligibility

Eligible participants are informal French-speaking caregivers
(family or not, providing care to the patient at least 4 hours per
week) of an AD patient diagnosed at the Memory Center of the
BrocaHospital, Paris, France, and who meetsthe criteriain the
Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition [18] or National Institute of Neurologica and
Communicative Disorders and Stroke and the Alzheimer's
disease and Related Disorders Association criteria [19]. To be
included in the trial, caregivers have to be 18 years or older or
to be able to provide an informed consent, to score 12 or over
on the Perceived Stress Scale of 14 items (PSS-14) [20] during
screening, and to have a computer with an Internet access at
homewith an email addressregularly used. If participants (CGs)
are on psychopharmacologica treatment or therapy, they are
required to keep the same treatment at |east two months before
inclusion in the protocol.

Exclusion Criteria

Exclusion criteriainclude being aprofessional or paid caregiver,
a volunteer suffering from a physical or mental health status
incompatible with patient's care, or following another
psychoeducational program.
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Recruitment

Strategies to communicate about the program include flyersand
postersin medical waiting rooms of the Memory Center aswell
asin other placesinthe BrocaHospital. Aninformation meeting
for the hospital staff has been organized before starting the
inclusions in order to explain the study protocol. Then, the
contact formsare availablein every counseling room and inthe
waiting room.

The participants are recruited either during the follow-up
consultation of apatient: (1) the geriatrician/neurologist delivers
the general information about the protocol and gives a contact
form to fill in and drop off at the Memory Center’s reception
desk, or (2) the CGs fill in the contact form available in the
waiting room and drop it off at the Memory Center’s reception
desk.

One of the two research psychologists previously trained in the
protocol contactsthe caregiver, checkshigher eligibility criteria
and explains the benefits, constraints, and schedule of the
protocol. The psychologist gives an information notice to the
caregiver and proposes to contact him/her a few days later. If
the caregiver agreeswith the protocol and meetsthe criteriafor
inclusion, the screening session (MO) is scheduled with the
caregiver.

Randomization

A computer-generated randomization list is used to assign the
participants in the experimental condition (EC) group or in the
control condition (CC) group after assessment with PSS-14 and
all theinclusion and noninclusion criteriaare checked. Blocking
and dtratification by gender and relationship (spouses versus
nonspouses) were used to generate the randomization list.

Interventions

Experimental Condition

The Diapason program is an adapted fully automated
computerized version of apsychoeducational program (AIDMA)
created by the Geriatric Service of Broca Hospital. Usability of
Diapason program was evaluated in a previous experimental
study (pre/post). The study involved the assessment of 30
volunteer participants 60 years or older, with various levels of
expertise in Internet use, during a guided visit. After

http://www.researchprotocols.org/2013/2/e55/
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modifications and adaptation of the website, the performances
of beginners and experts were similar [21].

Diapason is afree password-protected website. Figure 1 shows
the home page. The program is run in twelve thematic weekly
sessions organized in the following order: (1) caregiver stress,
(2) understanding the disease, (3) maintaining the loved ones
autonomy, (4) understanding their reactions-how to recognize
behavioral and emotional troubles, (5) coping with behavioral
and emotional troubles, (6) communicating with loved ones,
(7) improving their daily lives, (8) avoiding fall risks, (9)
pharmacological and nonpharmacological interventions, (10)
social and financia support, (11) about the future, (12) in a
nutshell-a summary of Diapason program.

Globally, these twelve sessions cover the following areas: (1)
information about AD diagnosis, symptoms, treatment, and
progression, (2) how to cope with stressful situations, and (3)
information about socioeconomic support and preventive
gestures. A new session is available each week, after the
validation of the previous session. Furthermore, the website
also contains: (1) relaxation guidelines and training videos
(based on Schultz's Autogenic Training and Jacobson’s method)
[22,23], (2) stories based on testimonials of caregivers, used to
show critical situations and possible solutions to manage them
(eg, apathy of patient, caregivers' isolation), (3) a glossary for
the technical words (eg, neuropsychological assessment,
aphasia), (4) stimulation guidelines and entertainment activities
to do with the patients, and (5) a forum alowing users to
establish contact with other caregivers anonymously, express
their concerns, discuss solutions to daily problems, and share
their feelings and experiences. The participants use nicknames
to protect their privacy. A clinical psychologist takes part in
discussions if necessary (ie, aggressive or inappropriate
comments).

Participants involved in experimental group have to validate
one session per week during 12 weeks (about 10 minutes per
session), and complete a satisfaction survey corresponding to
each session. During the first evaluation (MO) the participant
is trained by a psychologist in how to use the website. At the
second visit (M3) the participant is requested to provide the
satisfaction paper-based survey filled out.
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Figure1l. Home page.
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SEANCES

Nombre de jours : 1
Type de membre : Externe

Le Stress

Maladie d'Alzheimer.

diminuant votre stress.
Bonne visite...

Mode d'emploi ,
Comment réagir ?

Communiquer avec lui

Les gestes du quotidien

Control Condition

Participants randomized in the CC group receive usual care. It
consists of ageriatric semiannual follow-up appointment during
which the caregiver obtains illness information from the
geriatrician. The volunteers receive the access code to the
Diapason website at the end of their participationin theresearch
protocol. Every participant of the CC group is advised to look
for more specific help (ie, that of a psychologist or a physician)
when he/she feels it necessary and then to report it to the main
investigator.

M easures and Procedures

Participant Recruitment

The physicians of the Memory Center have been informed on
the study protocol and have received training ininclusion criteria
screening. They provide the caregiver with some information
about this study at the end of the consultation with the patient.
Then the physician gives a contact form to the volunteers
interested in participating in the study. The research psychologist
contacts the person, presents the protocol study, and provides
the caregiver with the information sheet. When the participant
delivers a positive answer, thefirst visit (MO) at the hospital is
scheduled together with the psychologist.

Assessment Protocol

The duration of each visit (MO-M3 and M6) is estimated to 90
minutes. The basdline visit is usually conducted as follows:

http://www.researchprotocols.org/2013/2/e55/

RenderX
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Derniere séance validée : Aucune seance n'est validee
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Ce site est destiné a tous ceux qui accompagnent au jour le jour les personnes atteintes de la
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1. The research psychologist answers the questions on the
information notice and the participant signs the informed
consent if he/she agrees.

2. Bvaluation with PSS-14 (primary outcome).

3. Randomization if PPS-14 total scoreis 12 or over.

4. Demographical interview and control questions of caregiver
and patient’s variables.

5. Assessment of secondary variables
(researcher-administered, and then self-administered
surveys).

6. The participants randomized in the EC receive the material
(weekly paper-based survey, a journey book, and a user’'s
manual of the website) and a personal access code to the
website. Then, they are trained on how to use the
Web-based program.

7. The CC participants are notified that they will receive a
website access at the end of their participation to this
protocol (6 months after MO).

8. Planning follow-up visits (M3-M6).

For the CC and EC groups, the assessmentsat M3 and M6 visits
are similar, and go as follows: (1) evaluation of caregiver
variables (time spent on caregiving, use of respite resources,
stressful events, etc) and patient status (hospitalization or other
unexpected event occurred in the last three months), (2)
measurementswith self-administered scales or administered by
aninterviewer. The measures used in thisRCT are summarized
in Table 1.
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Table 1. Overview of measuresin the baseline and follow-up visits.
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Variables (instruments/measures) Administration MO M3 M6

Caregivers measures
Self-perceived stress (PSS-14) aaR| X X X
Self-efficacy (RSCS) ABI X X X
Caregiver perception of troubles (RMBPC) ABI X X X
Burden %(zBI) sA X X X
Self-reported health ((NHP) SA X X X
Depressive symptoms 9(BDI-2) SA X X X
K nowledge about illness "(VAS) SA X X X
The quality of the relationship with the patient (VAS) SA X X X
Time spent on caregiving '(RBC) Interview x X X
Other sources of stress (ie, work, health status, financial status) (RBC) Interview X X X
Respite or socia help (ie, psychotherapy, associations, technical help, etc)  Interview X X X
(RBC)
Time and frequency using the program (website statistics) Website X X X
Satisfaction towards the program content (weekly paper-based survey filled Weekly survey X X X
a home) (MO-M3 for [EC)

Patients’ measures
Cognitive status “(MMSE) Medical data X
Degree of dependency '(IADL-RBC) Interview X
Duration of symptoms (RBC) Interview X

3ABI=Administered by theintervi ewer,"RSCS=Revised Scalefor Caregiving Self-Efficacy, “RMBPC=Revised Memory and Behavior Problem Checklist,
97B|=Zarit Burden Intervi ew, 6SA=Sdf-admini stered,fNH P=Nottingham Health Profile, 9BDI-2=Beck Depression Inventory-second version, hvAS=Visual
Analogical Scale,'RBC=Reported by caregiver,!EC=Experimental condition, KMM SE=Mini-Mental State Examination, 'l ADL=Instrumental Activities

of Daily Living

Primary Outcome Measure: PSS-14

Stress perceived by the caregiver is measured by the French
version of the Perceived Stress Scale, the version of 14 items
from Cohen e a [20], trandated into French by
Bruchon-Schweitzer in 2002 [24]. The PSS-14 isawidely used
self-reported scale evaluating the general appraisal of stressin
thelast month. It consists of 14 items, with scores ranging from
0 (never) to 4 (very often). This scale has demonstrated a high
reliability and validity in several studies [25]. The total score
rangefor thisscaleis0-56. Dueto numerousroles of caregivers
(as mentioned above) and in order to target stress specifically
related to a caregiving role, we adapted the instruction of the
PSS-14 by proceeding with hetero evaluation and adding the
following text in bold: "this scale ask[s] you about your feelings
and thoughts about your experience with your relative during
thelast four weeks." Therest of theinstructionissimilar to that
proposed by Cohen in 1983.

http://www.researchprotocols.org/2013/2/e55/

Secondary Outcomes Measures Administered by an
I nterviewer

Self-Efficacy

The Revised Scale for Caregiving Self-Efficacy was validated
in 2002 by Steffen et al [26] and translated into French by
Marziali and Garciain 2011 [27]. Thisscale offersasimpleand
effective way to evaluate caregivers self-efficacy on: (1)
obtaining respite, (2) controlling upsetting thoughts, and (3)
responding to disruptive patient behaviors. Each section has
five items arranged from easiest to most difficult (based on
research results) [26]. For each item the participants choose a
score between 0 and 100, based on their degree of confidence
for each situation. This scale should be administered by an
interviewer [26].

Per ceived Behavioral and Cognitive Problems

The Revised Memory and Behavior Problem Checklist [28] is
a widely used scae that rates the caregiver's perceived
frequency of occurrence of behavioral and cognitive problems
and the caregiver's perceived distress facing these problems. It
explores 24 situations in which the caregiver estimates: (1) the
frequency of situations/problems during the last week, and (2)
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the caregiver’sresponse to each situation/problem. Satisfactory
internal consistency coefficients of reliability have been reported
(for frequency of behaviors .93 and for reaction .90) [29].

Secondary Outcomes Measures Self-Administered

Zarit Burden Interview

The Zarit Burden Interview (ZBI) is a subjective measure of
burden that includes 22 items exploring the caregiver's
perception and feelings about care situations. There are three
factors that could explain 56.3% of global score variance: (1)
caregiver’'s social and personal life, (2) psychological burden,
and (3) caregiver'sguilt [30]. The scorerangeis 0-88, a higher
score indicating a higher burden level.

Depressive Symptoms
Depressive symptomswill be evaluated with the second version

of Beck Depression Inventory [31]. This widely used scale
comprises 21 items, and the total score range is 0-63 [32].

Self-Perceived Health

Bucquet et al [33] validated the Nottingham Health Profile in
France. We use this scale to evaluate the self-reported morbidity
of caregivers. There are 38 items that are grouped in 6
dimensions. (1) physica mobility, (2) socia isolation, (3)
emotional reactions, (4) pain, (5) sleep, and (6) energy. In the
French validation study, weights were calculated using
Thurstone's Paired Comparisons[33]. The addition of thisitem
totals a hundred per dimension and corresponds to the
percentage of the illnessimpact perceived by each individual.

Additional Measures

Caregivers Measures

The sociodemographic variables and general information on
caregiver situation collected are age, sex, educational level,
relationship with the patient (Spouse versus nonspouse), current
psychopharmacol ogical treatment, current psychosocial services
and respite care (daycare centers for the patient, in-home care
services, etc), time spent per week with the patient, and their
“free time”. Moreover, the quality of the relationship with the
patient, the caregiver’s confidencein his/her ability to copewith
the consequences of the disease, and the caregiver’s level of
knowledge about AD are evaluated with the Visual Analogical
Scales.

Participantsin the EC complete a satisfaction survey each week,
after watching the weekly program. Therefore, qualitative
information about perceived utility of this program is obtained
during the face-to-face interviews in the visits M3 and M6.
Moreover, thefrequency and duration of the Web-based program
use for each participant is stored and anonymously analyzed at
the end of the study.

Patients M easures

The global cognitive status of patients is evaluated with the
Mini-Mental State Examination (MMSE) [34] and obtained
from the patients’ medica file, if the patient acceptsit (during
follow-up at the Memory Center the patients with AD are
evaluated with neuropsychological batteries, including the
MM SE evaluation). The degree of dependency from the patient
isevaluated by the French version of the Instrumental Activities
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of Daily Living [35] reported by the caregiver at MO, and the
duration of symptomsis also based on the caregivers’ report.

Data Management and Statistical Analysis

Monitoring/Security | ssues

Data are collected via an electronic case-report form, then
centralized, and stored on a secured server using the
“CleanWEB” system [36]. A monitoring of recordsis planned
every two months and done by an external agent to control the
respect of protocol and procedures according to Clinical Best
Practices guidelines [37].

Ethical Proceedings

This study protocol was submitted to the French ethical CPP
and received approval on July 2011. Beforethey enter the study,
all participants receive an information sheet and sign awritten
consent form.

The study provides equal opportunity to access the program.
Caregivers who do not meet the inclusion criteria can access
the website and program as external participants. Also, every
participant is asked to search another form of help (ie, that of a
psychologist or a physician) if he/she feels the need to, and to
report it to the main investigator.

Sample Size

The sample size has been calculated by the Biostatistics and
Epidemiology Department of the Hotel-Dieu Hospital (Peris).
Based on the literature [38], a 6-point difference on PSS-14
scaleis expected between EC and CC at the posttest evaluation
(M3). With an assumed standard deviation of 9, 40 participants
per group should be included to be able to detect such a
difference with an 80.0% power (Cronbach alpha=.05;
two-tailed).

Data Analysis

The Biostatistics and Epidemiology Department of the
Hotel-Dieu Hospital will perform statistical analysis. All the
analyses will be conducted according to the intention to treat
principle and to handle with missing data; multipleimputations
will be used if the missing at random or missing completely at
random hypothesis holds. Otherwise sensitivity analysis will
be done. No interim analysis will be performed.

A description of the characteristics of the two groups will be
performed using percentagesfor categorical variablesand means
with standard deviation for quantitative variables. For primary
and secondary outcomes, student t tests or a Wilcoxon test if
required, as well as covariance analysis to take the regression
to the mean into account, will be used to compare means
between experimental and control groups. Percentages will be
compared using chi-squaretest or Fisher’sexact test if required.
Calculations will be performed using SAS software.

Qualitative data obtained during visits M3 and M6 from EG
participants' perception on the program’s utility and satisfaction
will be analyzed by Broca's research team, using thematic
analysis[39].

Statistical analysis will exclude data from: (1) caregivers
performing less than two thirds of the online program
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(participant validates fewer than 8 out of 12 sessions), (2)
dropouts due to mental or physica state of the caregiver
becoming incompatible with this research protocol.

Discussion

Distinctive Features

This study protocol is quite innovative. To our knowledge, itis
the first French Web-based program evaluated with a
randomized clinical trial. The Diapason program has been
conceived to offer a primary access to basic information about
theillness progression and practical advice to reduce stressand
manage the daily life for Alzheimer’'s CGs. In coherence with
other studies, we are convinced that the Internet for healthisan
interesting tool to inform and support the isolated CGs[40], at
areduced cost, but with increasing convenience for users [41].

We are interested in evaluating the program effectiveness on
self-perceived stress. Although the ZBI is often used to measure
the CG stress in the context of dementia [42], the burden
construct isrelatively complex and not specific enough. Infact,
two factor analyses of the ZBI identified three dimensions: (1)
personal strain, (2) role strain, and (3) guilt [43], or (1) social
impact, (2) psychological burden, and (3) guilt [30]. Based on
these results we decided to use a PSS 14-item version and to
adapt themain instruction of PSSto caregivers' strain. Howeve,
in this protocol we use the ZBI as a secondary outcome, and it
would be interesting to compare the results obtained with each
of these measurement instruments.

Strengths of the Study

In our opinion, four main strengths are identifiable in this
protocol.

First, since most elderly caregivers (spouses) do not have
sufficient experience with the Internet, 30 elderly volunteers
participated in the usability tests, which allowed us to modify
and adapt the website prior to the present study. The usability
tests increase the likelihood of inexperienced Internet users to
use Web-based programs and offers access to a widespread
population who has never navigated on the Internet because it
was considered as too complex or difficult to use.
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Second, our Web-based program (Diapason) keeps a structure
that is similar to an on-site psychoeducational program, such
that it proposes a thematic session weekly. In this way, we
control the information viewed by the caregiver according to a
specific schedule. In fact, the EC is not completely controlled
if the access to the information is determined by the choice of
the patient. In our opinion, controlling the order and access to
main thematic areas should improve the reliability of results
because all the participants receive the same information.

Third, we are aware of the positive impact of social networking
and communication between peers for CGs. We did not have
enough human resources to offer a virtual presence or
face-to-face participation, nevertheless we integrated a forum
in the website which enables the CGs to ask and share
experiences, feelings, and advice with their peers, with the
participation of a psychologist as moderator This initiative
represents a first step towards more comprehensive and
interactive Web-based initiatives that our team has scheduled
to build, optimizing social networking perspectives, as advised
by recent works [44,45].

Fourth, we will analyze the data of Web server utilization from
each user and compare it with their satisfaction and appraisal
of the effectiveness of the program. This objective information
will help us to know the system use, and its acceptability. Our
purpose with these resultsis also to identify the "user profiles’
with a highest adherence to or benefit from the program. For
instance, do spouses or nonspouses benefit more from the
program? I s the time spent on the program website associated
with the level of stress after the 12 sessions? Or is there
minimum time duration of navigation to observe some benefit
from the program?

Conclusions

In conclusion, the results of this study will allow a better
targeting of beneficiaries, for whom the intervention will be
more efficient. The results will provide strong support to
influence health care policies and facilitate the financial support
of theseinitiatives.
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Abstract

Background: Recent evidence indicates a causal link between both active smoking and secondhand smoke (SHS) exposure
and breast cancer (BC).

Objective: The objective of the present study was to evaluate the initial reactions of girls and boys to tailored Web-based
messages that describe the relationship between SHS and BC, using aparallel, single-blinded cluster randomized controlled trial.

Methods: Thistrial was nested within a cycle of an ongoing longitudinal study of 1498 students from 74 secondary schools.
Self-reported assessments were used to evaluate the impact of study messages on participants' risk perception and interest in
obtaining additional information after participants were randomized by schoolsto control or intervention groups. Theintervention
group received atailored visual message (based on gender and Aboriginal status) about BC and tobacco smoke. The control group
received a standard visual message about smoking and cancer.

Results: SHSexposurewasidentified asaBC risk factor by 380/1488 (25.54%) participants, during the preintervention analysis.
Compared to the female participantsin the control group (491/839, 58.5%), girlswho received the intervention (339/649, 52.2%)
were 14% more likely to agree that exposure to SHS increased their BC risk (relative risk [RR] 1.14, 95% CI 1.07-1.21).
Nonsmoking girls who received the intervention were 14% more likely to agree that starting smoking would increase their BC
risk (RR 1.14, 95% CI 1.07-1.21). Compared to the male participants in control group (348/839, 41.5%), boys who received the
intervention (310/649, 47.8%) were 10% more likely to agree that girls’ exposure to SHS increased their BC risk (RR 1.10, 95%
Cl 1.02-1.18). Compared to controls, girlswho received the intervention were 52% more likely to request additional information
about SHS and BC (RR 1.52, 95% CI 1.12-2.06).

Conclusions: Brief gender-sensitive messages delivered viathe Internet have the potential to increase awareness and to stimulate
information seeking about the risk for BC associated with SHS.

(JMIR Res Protoc 2013;2(2):€53) doi:10.2196/resprot.2858
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Introduction

Overview

Recently published evidenceindicatesthat thereisacausal link
between both active smoking and secondhand smoke (SHS)
exposure and breast cancer (BC) [1]. In 2009, based on the
weight of evidence from a comprehensive review of more than
100 epidemiological studies, as well as toxicology studies and
an understanding of biological mechanisms, the Canadian Expert
Panel on Tobacco Smoke and Breast Cancer concluded that
therewas arelationship consistent with causality between active
smoking and BC, and between long-term regular exposure to
SHS and premenopausal BC [2]. Key support for the increased
premenopausal BC risk associated with SHS exposure came
from a report on the health effects of environmental tobacco
smoke issued by the California Environmental Protection
Agency [3]. Based on ameta-analysisof 19 studies, researchers
reported arelativerisk (RR) of 1.25 (95% Cl 1.08-1.44) for BC
among all women with regular exposure to SHS[3]. This risk
increased to 1.91 (95% CI 1.53-2.39) when the analysis was
restricted to studies with more comprehensive SHS exposure
assessment [3]. When the meta-analysis was restricted to
younger, primarily premenopausal women at diagnosis, they
reported RR of 1.68 (95% CI 1.31-2.15) that increased to 2.20
(95% CI 1.69-2.87) when the analysis was restricted to studies
with more comprehensive SHS exposure assessment [ 3].

In addition to reviewing the evidence pertaining to the
relationship between regular exposure to SHS and
premenopausal BC, the Canadian Expert Panel on Tobacco
Smoke and BC aso examined findings on the relationship
between active smoking and risk of BC. Key epidemiological
evidence for the active smoking risk came from 8 large,
high-quality cohorts studies with detailed smoking exposure
measures, which indicated that early age at smoking
commencement, longer duration of smoking before first birth,
longer total duration, and greater number of pack-years of
smoking were each associated with increased BC risk [2]. In
2011, results from the Harvard Nurses' Health Study cohort
were published based on 8772 BC cases, providing the largest
and most precise analysis to date [4]. The researchers reported
clear, consistent, dose-response evidence that the critical active
smoking exposure period was from menarche to first full-term
pregnancy, and that BC risk was limited for smoking after the
first birth [4]. They also reported increasing risk-factor adjusted
RRs, each statistically significant, of 11%, 19%, 21%, and 25%
for 1-5, 6-10, 11-15, and 216 pack-years of smoking beforefirst
birth, respectively [4]. Researchers have also demonstrated that
breast tissue in its growth stage, during puberty and first
pregnancy, is particularly sensitive to exposure to the
carcinogens found in tobacco smoke [5-7]. These findings are
especially concerning given current trendsin smoking initiation;
the average age of smoking awhole cigarette for the first time
among Canadian students in grades 6-12 is 13.4 years [§].
Moreover, given that 13% of Canadian boys between the ages
of 15 and 19 years smoke, girls are at risk for SHS exposure

http://www.researchprotocols.org/2013/2/e53/

from their male counterparts [9]. Furthermore, high rates of
SHS exposure in Aboriginal communities pose particular
challengesfor Aboriginal girls, where Aboriginal youths SHS
exposure is twice that of non-Aboriginal youths (27% vs 15%)
[10]. To date, however, there have been few efforts to raise
awareness of active smoking and SHS as risk factors for BC
[11].

Research revedls that there are potential benefits in using
youth-friendly approaches to deliver health information and
intervention programs that are designed to change youths
smoking behavior [12-15]. One way of addressing these
preferences is by developing youth-oriented cancer control
initiativesthat can be delivered with interactive, socidly oriented
Web technologies [16-18]. Emerging evidence also indicates
that tailoring tobacco control interventions toward adol escents,
whereby communications are created based on adolescents
individual characteristics, positively influences their tobacco
use behavior [19]. Moreover, research has shown that
developing tailored approaches for Aborigina youth, in
particular, isa so beneficial [13]. For example, researchers have
found that including cultural symbols (eg, feathers) in health
promotion messages have been shown to signal the relevance
of the health information to Aboriginal people [20].

The use of computer-based systems that facilitate the delivery
of tailored interventions has been found to be an effective
strategy in prompting changesin smoking behavior [21-24]. By
utilizing theinteractive capacity of the Internet, computer-based
systems have been used by researchers to deliver tailored
smoking cessation interventions according to the particular
characteristics (eg, gender, cognitive variables, and intention
to quit smoking) of each individual [25]. The development of
tailored interventions that can be integrated into Web-based
delivery systems appears to represent a potentially efficacious
means of reducing adolescents' exposure to SHS.

Conceptual Framework

Theteachable moment heuristic proposed by McBride et al [26]
is conceptualized as a process of “sensemaking” of naturally
occurring transitions or life events (eg, breast development in
puberty) that influence people’'s subjective responses to
information (eg, information outlining the increased BC risk
associated with SHS exposure) associated with key aspects of
these transitions. These responses appear to have the potential
to enhanceinterest in relevant information, aswell asmotivation
to change, acquisition of skills, and self-efficacy, whichin turn
increase the likelihood of behavior change (eg, reductions in
SHS exposure and tobacco use). Within this paradigm,
perceptions of on€'s persona risk play a mgor role in
determining whether the event is significant enough to be a
teachable moment that prompts the adoption of preventive health
behavior [26]. Because smoking experimentation and uptake
typically begin during adolescence, thisearly stagein boys' and
girls “tobacco careers’ may represent a relatively malleable
timeto ater their tobacco use and exposure behavior. Moreover,
puberty is marked with pronounced awareness of physical
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changes, marking girls' transformation into womanhood [27].
These periods of heightened attentiveness to salient health
transitions may enhance the cognitive availability of risk
perceptions and have been identified as teachable moments for
cancer prevention initiatives [26].

The delivery of messages describing the link between tobacco
exposure and an increased risk of BC appears to represent an
opportunity to take advantage of anaturally occurring teachable
moment to promote reductions in tobacco exposure among
adolescents. Within the context of cancer prevention, gender
has been found to influence responses to teachable moments
[28], and there is a growing body of research describing the
profound influence of gender on health behavior [29]. Although
gender-related factors influencing smoking initiation and
patterns of exposureto tobacco have begun to be described, few
attempts to develop gender-sensitive tobacco reduction
interventions have been made [30].

Primary and Secondary Hypotheses Being Tested

This study was an application of the teachable moment heuristic.
The primary aim of this study wasto examine youths' responses
to Web-based, gender- and Aboriginal-tailored messages
regarding the link between tobacco exposure and risk of BC.
We hypothesized that exposure to the tailored messages
compared with a general message describing the carcinogenic
aspects of tobacco smoke would result in: (1) an increased
probability of indicating that tobacco exposure is associated
with an increased risk of BC, and (2) an increased probability
of opting to receive more information about tobacco exposure
and BC. In addition to the aforementioned primary hypotheses,
a secondary hypothesis that exposure to the tailored messages
would be associated with more time spent viewing the messages
was also tested. Each of the hypotheses was adapted to groups
defined by their gender (girls and boys) and smoking status
(smokers and nonsmokers).

Methods

Trial Design
The Supporting Tailored Approaches to Reducing Tobacco

(START) study was nested within the longitudinal British
Columbia Adolescent Substance Use Survey (BASUS) and is

http://www.researchprotocols.org/2013/2/e53/
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a pardlel, single-blinded cluster randomized controlled trial
(RCT). Randomization was conducted at the school level prior
to enrolment. Students wereinitially recruited into the BASUS
study from 48 participating public secondary schoolsin British
Columbia, Canada. All BASUS participants were 13 years of
age or older, able to read and complete a Web-based survey in
English, and provided informed consent, as well as written
parental consent in schools requiring participants to provide
parental consent. In order to prevent the enrolment of ineligible
participants (eg, nonstudents), participants were recruited in
person in a school environment. After viewing a brief
presentation during home room class, eligible students were
given an information package that contained a unique login
code to set up an account on the survey website. Students
completed the Web-based survey during their own time or in
some casesin school computer labs during scheduled classtime.
Each participant received a $25 honorarium in the form of a
gift card (mailed to their home address) for participating in each
wave of the BASUS survey. School-specific response rates
varied from 2% to 100%, with an average of 20%. For the
purposes of the START study, schools (n=74) were stratified
by the total number of enrolled students and number of
self-identified Aboriginal students at each school (based on data
from previous waves of the survey). Randomization was based
on a random-number generator in MS Excel; the research
manager kept the master allocation list in a password-protected
computer. From April to June 2011, a subsample of 1498/1593
(94.03%) Wave 4 participants were randomized to either the
intervention or the control arm, after meeting general BASUS
eligibility criteria, declaring their school, and identifying their
gender and Aboriginal status (Figure 1). Although researchers
were not blinded to the alocation, the participants were. This
study and the longitudinal BASUS study received ethics
approval from the University of British Columbia Behavioral
Research Ethics Board. The START study was not registered
because the research team was unaware of the requirement by
medical journalsto register all RCTs, including those evaluating
nonclinical behavioral responsesto brief Web-based messages.

Harmsor Unintended Effects

There are no known harms or unintended effects to receiving
either the intervention or control tailored messages.
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Figurel. Flow diagram for START trial.
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Data Collection

Data collection for this study occurred during Wave 4 of the
BASUS survey (April to June, 2011). To reduce contamination
through contact with youth in the other experimental conditions,
74 secondary schools, rather than individual participants, were
randomized to receive either the control or intervention message.
The participants were required to authenticate (log in) using a
username and password provided by the research team. Based
on their gender and ethnicity, the youth in theintervention group
received atailored message regarding BC and tobacco exposure.
The control group received a standard message describing the
carcinogenic aspects of tobacco smoke. Immediately after
receiving the intervention or control message, participantswere
given follow-up questions about perceived risk and information
seeking.

http://www.researchprotocols.org/2013/2/e53/

The Web-based survey was programmed (ie, with the use of
skip logic) so that the studentsin the intervention arm for each
target group were presented a group-specific tailored message
regarding tobacco exposure as a risk factor for BC and advice
on how to minimize this risk. The development of the
intervention messages was based on findings from gender- and
Aboriginal-specific focus groups held with youth. We shared
information about therisk of tobacco exposure and BC with the
focus groups, and sought advice about the best way to
communicate rel evant messagesto their respectivetarget groups.
Based on the focus group discussions, four messages were
devel oped. The messagefor girlsincluded images of 4 different
girls playfully holding bras, with a printed message stating,
“Smoking affects more than your lungs,” followed by, “ Cigarette
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smoke, even second hand smoke, puts girls at risk for breast
cancer at an early age” The message also included asuggestion
for action below the image: “Avoid places where you and your
friends are exposed to second hand smoke.” The message for
boys included an image of 2 boys and 1 girl standing close
together in a skateboard park, with acaption stating, “Hey guys,
show you care! Respect the girls around you by not exposing
them to second hand smoke.” The message aso included the
following information: “ Smoking affects more than girls' lungs.
Second hand smoke increases their risk of breast cancer at an
early age” Both the boys and girlS messages included a
recommendation for smokers: “If you smoke, think about
quitting. Do it for yourself and for the girls you know.”
Examples of the intervention messages are displayed in Figure
2 (girls intervention message) and Figure 3 (boys' intervention
message). The messagesfor the Aboriginal girlsand boyswere

Figure 2. Girls intervention message.

Smoking affecls more than your lungs.

Richardson et d

the same as the non-Aboriginal gender-sensitive messages,
except for the addition of a feather motif (eg, see Figure 4).
Feathers for Aboriginal people, especially eagle feathers, are
ceremonia objects, used as tools for healing, and are treated
with great respect [20].

Control

Studentsin the control arm in each target group were presented
with a generic gender neutral message that cigarette smoke
contains carcinogenic agents. This message included an image
of aburning cigarette standing a one against ablack background,
with the message: “Warning, you're not the only one smoking
this cigarette. The smoke from acigarette is not just inhaled by
the smoker. It becomes second hand smoke, which contains
more than 50 cancer-causing agents.” This message content was
sourced from Health Canada (Figure 5) [31].

Cigarette smoke, even second hand smoke, puts girls

at risk of bTGaS[ CaIlCET at an early age.

e/l

are eXposed [

.. id places where you and your f
bl s 0 Secg/nd hand smoke.

riends

aplace of mind

WSTA

decroasing breast cancer risk

If you smoke, think about quitting. Do it for yourself and for all the girls you know.
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Figure 3. Boys intervention message.
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Figure4. Aboriginal boys intervention message (the difference compared to Figure 3 is the feather in the background).
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Figure5. Control message.
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YOU'RE NOT THE ONLY ONE
SMOKING THIS CIGARETTE

The smoke from a cigarette is not just inhaled by
the smoker. It hecomes second-hand smoke, which
contains more than 50 cancer-causing agents.

Health Canada

M easures

Baseline survey questions were developed to assess the
participants’ sociodemographic characteristics (eg, age and
ethnicity). Question topics a so included smoking status, SHS
exposure, and knowledge of the link between BC and tobacco.
Following the presentation of thetail ored intervention messages
and the control messages in the survey, the youth were asked
guestions, tailored to their smoking status, about their perceived
risk concerning tobacco exposure as a risk factor for BC. All
of the girls were asked about the extent to which they agreed
with the following statements: (1) “Being exposed to second
hand cigarette smokeincreases my risk of getting breast cancer,”
and (2) “Being exposed to second hand cigarette smoke
increasesgirls' risk of getting breast cancer.” The girlswho had
already tried smoking were al so asked about the extent to which
they agreed with the statement: “My cigarette smoking increases
my risk of getting breast cancer.” The girls who had not tried
smoking were al so asked about the extent to which they agreed
with the statement: “If | start smoking it will increase my risk
of getting breast cancer.” All of the boys were asked about the
extent to which they agreed with the statement: “ Being exposed
to second hand cigarette smoke increases girls' risk of breast
cancer.” The boyswho had tried smoking were asked about the
extent to which they agreed with the statement: “ Being exposed
to my second hand cigarette smoke increases the breast cancer
risk of the girls| spend time with.”

After the presentation of the messages and the knowledge and
risk perception questions, all of the participants were asked,
“Would you like to read some more information on the
relationship between breast cancer and smoking?’ If the
participants“clicked” the answer “ Yes,” they were given further
information. The additiona information provided to the girls
included information about their risk for BC, how smoking and
BC are linked, as well as strategies for reducing their risk for
BC in relation to tobacco exposure. The information provided
to the boys included how SHS puts girls at risk for BC, how
smoking and BC arelinked, aswell as strategiesthat they could
employ to protect girls from SHS exposure.

http://www.researchprotocols.org/2013/2/e53/
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Power Analysis

Anapriori power analysiswas conducted for the START study.
This power analysiswas based on 4 primary hypotheses for the
overadl START study being tested using 4 separate
two-proportion z-tests to compare the knowledge of the link
between cigarette smoke exposure and BC, perceptions of BC
risk associated with cigarette smoke exposure, smoking
behavior, and stage of change related to avoidance of SHS
exposure 6 months after message delivery. Assuming a
difference in proportions of 10% and a Bonferroni corrected
alpha of .0125 per test (ie, alpha of .05 divided by 4), we
estimated that we would need approximately 600 individuals
in each group in order to have a7 power of 0.82. It isimportant
to note that the results presented in this paper are the initial
reactionsto the messages collected at baseline and not theresults
for the 6-month follow-up assessment for which the a priori
power calculations were devel oped.

Statistical Analysis

To check the potential failures in randomization, potential
confounders were identified via univariate tests, and any
variables found to differ significantly between the treatment
and control groupswereincluded as covariatesin the subsequent
multivariate models. Bivariate analyses of the categorical data
were conducted using Fisher’s exact test (P<.05). A generalized
estimating equation was used for all regression modelsto adjust
the standard errors of the parameter estimatesfor the correlated
responses of students within the same school [32]. Adjusted
RRs were estimated using a modified Poisson regression, with
robust error variance [33], originally proposed by Lee and Chia
[34] for binary outcomes [35]. The robust error variance
estimator was used because Poisson regression of binary
outcomes tends to overestimate the standard errors [33,36].
Analyses were “intention to treat.” The statistical analysis was
completed with IBM PASW Statistics 19.
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Results

Baseline Characteristics

Of the 1593 eligible participants at baseline, 1498 (94.03%)
studentsin 74 schools, aged 13to 15 years (median of 14 years)
participated in the current study. During the course of the study,
10 students had changed to nonstudy schools and were
randomized to intervention or control groups on an individual
basis. A total of 655/1498 (43.72%) students received the
tailored intervention and 843/1498 (56.27%) students received
the control message. Table 1 describesthe participants' baseline
characteristics, patterns of tobacco exposure, and knowledge
of the link between SHS and BC. The distributions of gender,
age at baseline, family history of BC, intention to try smoking
in the future, daily exposure to SHS in the home, as well as
parents and peers smoking statuswere found to be significantly
different between the treatment and control groups.

Message Viewing Timesin Intervention and Control
Groups

Thetime of theinitia display of the message was recorded by
the survey system followed by the time of the response to the
guestion immediately following the display of the message. The
difference between these two times was treated as the message
viewing time. Thistimeincludes reading and answering asingle
demographic question that followed the presentation of the
message (ie, “How would you describe your household’'s
financia situation?’). Overall, the mean viewing time was 31
seconds (SD 47) for the boys and 31 seconds (SD 34) for the
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girls, with median viewing times of 24 secondsfor the boysand
25 seconds for the girls. Both the girls and the boys in the
intervention group spent significantly more time viewing the
messages compared with the viewing time of the control group
(girls: mean 36, SD 33 vs mean 28, SD 34, P<.01; boys: mean
38, SD 64 vs mean 26, SD 23, P<.01).

Postintervention Perceived Risk of Tobacco Exposure

Thegirlsthat received theintervention message were 14% more
likely to agree with the statement that being exposed to SHS
increased their risk of BC (RR 1.14, 95% CI 1.08-1.20), and
the boys were 10% more likely to agree that SHS increased the
risk of BC in girls (RR 1.10, 95% CI 1.02-1.18) (see Table 2).
The girls who were identified as having never tried tobacco
were 14% more likely to agree with the statement that starting
smoking would increase their risk of BC (RR 1.14, 95% ClI
1.08-1.20). The interaction between intervention group and
Aboriginal status was not significant for either boys or girls.
Among the boys and girls who smoked, no significant effects
were noted.

Postinter vention I nfor mation-Seeking Behavior

The girls in the intervention group were 52% more likely to
seek more information, after adjusting for covariates (RR 1.52,
95% Cl 1.12-2.06), compared with the control group. However,
the boysin the intervention group were lesslikely to seek more
information about the link between SHS and BC risk (RR 0.63,
95% CI 0.40-1.0); an adjusted risk ratio could not be obtained
for boys likely because few had said they wanted more
information (n=69).
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Table 1. Participants sociodemographics and patterns of tobacco exposure.

Richardson et d

Intervention Control Total
(n=655)4 (n=843)¢ (N=1498)4
General characteristics n (%) n (%) n (%)
Demographics
Gender @
Male 310 (47.80) 348 (41.48) 658 (44.22)
Female 339 (52.23) 491 (58.52) 830 (55.78)
Agein years®
13 92 (14.18) 172 (20.50) 264 (17.74)
14 351 (54.08) 480 (57.21) 831 (55.85)
15 206 (31.74) 187 (22.29) 393 (26.41)
Ethnicity
Aboriginal 71 (11.34) 96 (11.81) 167 (11.61)
Non-Aboriginal 555 (88.66) 717 (88.19) 1272 (88.39)
Family income (self-reported)
Below average 26 (4.24) 39 (5.01) 65 (4.67)
Average 458 (74.71) 602 (77.38) 1060 (76.20)
Above average 129 (21.04) 137 (17.61) 266 (19.12)
Family history of breast cancer® Yes 153 (24.60) 154 (19.59) 307 (21.80)
Tobacco smoke exposure
Has tried smoking tobacco Yes 60 (9.20) 104 (12.40) 164 (11.00)
Amount smoked in lifetime (of those who tried smoking tobacco), cigarettes
Had one or afew puffs 22 (38.60) 36 (35.29) 58 (36.48)
1-5 14 (24.56) 22 (21.57) 36 (22.64)
6-15 8 (14.04) 8(7.84) 16 (10.06)
16-25 1(1.75) 8(7.84) 9 (5.66)
26-99 4(7.02) 12 (11.76) 16 (10.06)
>100 8 (14.04) 16 (15.69) 24 (15.09)
Age of initiation of tobacco use
<10 yearsold 10 (18.18) 8(7.92) 18 (11.54)
11 yearsold 5 (9.09) 10 (9.90) 15 (9.62)
12 yearsold 11 (20.00) 22(21.78) 33(21.15)
13 yearsold 13 (23.64) 40 (39.60) 53(33.97)
>14 yearsold 16 (29.09) 21(20.79) 37(23.72)
Intention to try smoking in future @ (of those who had not tried smoking tobacco)
Definitely yes 2(0.35) 0 (0.00) 2(0.17)
Probably yes 12 (2.11) 30 (4.26) 42 (3.30)
Probably not 122 (21.40) 157 (22.30) 279 (21.90)
Definitely not 434 (76.14) 517 (73.44) 951 (74.65)
Secondhand smoke exposure
Parent(s) smoke” Yes 146 (25.39) 239 (32.61) 385 (29.41)
Friends smoke® Yes 83(17.29) 144 (23.00) 227 (20.51)
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Intervention Control Total
(n=655)4 (n=843)¢ (N=1498)4
Genera characteristics n (%) n (%) n (%)
Someone smokes in home al-
most every day? Yes 60 (9.40) 107 (13.19) 167 (11.50)
Past month’s exposureto SHS
Every day 20 (3.15) 35 (4.29) 55 (3.79)
Almost every day 70 (11.04) 79 (9.68) 149 (10.28)
At least once aweek 153 (24.13) 236 (28.92) 389 (26.83)
At least oncein the past month 281 (44.32) 347 (42.50) 628 (43.31)
Never 110 (17.35) 119 (14.58) 229 (15.79)
Tobacco knowledge: Tobacco identified as  Yes 172 (26.50) 208 (24.79) 380 (25.54)

arisk factor for breast cancer

3p<.05 (Fisher's exact tests).

bp<.01 (Fisher's exact tests).

®P<.001 (Fisher's exact tests).

Hotal number of responses varies slightly for each variable.
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Table 2. Postintervention assessment of perceived risk and information seeking.

Intervention,n Control, n  Unadjusted RR Unadjusted risk Adjusted RR?ZM
Postintervention assessments Response® (%) (%) (95% ClI) difference, % (95% CI)
Increasein perceived risk of SHS
My cigarette smoking increasesmy  Agree 8 (66.7) 16 (80.0)  0.84 (0.56-1.26) -13.3 N/A
risk of getting BC (smoking girls) (n=24)
(n=32)
If | start smoking it will increasemy Agree 306 (98.4) 353 (87.2) 1.13h (1.08-1.17) 11.2 1.14h (1.08-1.20)
risk of getting BC (nonsmoking girls)  (n=659)
(n=716)
cigarette smoke increases my risk of  (n=646)
getting BC (@l girls) (n=724)
Being exposed to my secondhand Agree 9(75.0) 13(68.4) 1.13(0.73-1.77) 6.6 N/A
cigarette smokeincreasestheBCrisk  (n=22)
of thegirls| spend time with (smok-
ing girls) (n=31)
Being exposed to SHSincreases girls' risk of getting BC
All giI’|S (n=720) Agree 303 (95.9) 344 (85.1) 1.13h (1.07_1.19) 10.8 l.l4h (1.07_1.21)
(n=647)
All boys (n=560) Agree 261 (93.9) 243(87.4) 108 (1.02-1.14) 6.5 1.109 (1.02-1.18)
(n=504)
Being exposed to my SHS increases  Agree 7(77.8) 8 (66.7) 1.10 (0.66-1.84) 111 N/A
the BCrisk of thegirls| spendtime  (n=15)
with (smoking boys) (n=21)
Interest in receiving more information
All girls (n=830) Agree 77 (22.7) 81 (16.5) 1.37f (1.04-1.82) 6.2 1.52f (1.12-2.06)
(n=158)
All boys (n=658) Yes (n=69) 25 (8. 1) 44 (12.6) 0.63f (0.401_0.997) -4.5 N/A

8Relative risk was obtained using a modified Poisson regression (with a robust covariance estimator).
BAIl modelsincluded potential confounders (age, family history of BC, intention to smoke in the future, and smoking status of parents and peers).
CEthnicity (Aboriginal status) was initially included to test for an interaction with intervention group and then removed because all interactions were

not significant.
%The model had problems with convergence due to low cell counts.

®Srongly agree and Agree were collapsed as “agree” and Strongly disagree and Disagree were collapsed as “disagree” with disagree as the referent

response for the calculation of RR.
fp<.05.

9p<.01.

hp< 001.

Discussion

Principal Findings

This is one of the first studies to evaluate the delivery of
Web-based messages aimed to raise awareness about SHS
exposure and BC among youth. The findings of this study
indicate that the youth-informed, gender-sensitive messaging
approach had positive effects on the awareness of SHS exposure
as arisk factor for BC as well as on the information-seeking
behavior of girls. Compared with the standard message control
group, the girlswho received thetailored intervention were 14%
more likely to agree that being exposed to SHS increased their
risk of BC. The girls who were identified as nonsmokers and
received the intervention were also 14% more likely to agree
that starting smoking would increase their risk of BC. Finally,
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compared with the girls in the control group, the girls who
received the intervention were 52% more likely to request
additional information about the relationship between SHS
exposure and BC.

Limitations

The findings of this study are limited in terms of their
generdizability to other types of interventions, other age groups,
and other ethnic groups. It is also important to note that due to
sample size considerations, we elected to use a single control
group that received a standard message. Larger effects would
likely have been observed had we had included a third group
that served as a no-information control group. Additionally, the
relatively small number of Aborigina participants and
adolescents who had tried smoking at the time of the survey
may have reduced the statistical power and generalizability of
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the resultsto these particular groups. The additional number of
words in the tailored messages may have contributed to the
finding that youth spent significantly more time viewing the
tail ored messages compared to the standard information control
message. Despite these limitations, the results of the present
study indicate that brief gender-sensitive messages delivered
viathe Internet have the potential to enhance awareness of the
increased risk for BC associated with SHS exposure, and
stimulate additional information seeking about the relationship
between smoking and BC, particularly by girls. Although our
messages were found to influence youths' risk perceptions and
requests for additional information, longitudinal evaluation of
theintervention’simpact on health behavior (eg, reduced uptake
of smoking, reduced exposure to SHS) is needed.

Conclusions

The use of a positively framed message that promoted the
benefits of being smoke free as away to reduce therisk of BC
for oneself, aswell asfor one's peers, appearsto beapromising
approach for reaching girls. Asprevioudy suggested by Bottorff
et al. [27], thejuxtaposition of BC with smoking may have been
particularly meaningful to girls with a growing interest in
women's health issues prompted by physical and social changes
marking their transition into womanhood. This period of
transition also appears to represent a teachable moment [26]
that can be utilized for cancer prevention. Furthermore, the
findings support the use of prevention initiativesthat normalize
smoke-free behavior by linking youths' social aspirations (ie,
being a good friend) with smoke-free behavior [37]. By
encouraging girls to safeguard their own health, as well as the
health of significant others, the tailored messages represent a
promising approach to reinforcing nonsmoking girls smoke-free
behavior.

Compared with the standard message control group, the boys
who received the intervention were 10% more likely to agree
that SHS exposurein girlsincreased their risk of BC. Inaddition,
exposure to the tailored messages did not elicit further
information seeking by the boys. Theresultsalign with literature
indicating that messaging boys about a young women's health

Richardson et d

issueis challenging because women (and girls) aretraditionally
expected to, and often do, look after their own health aswell as
the health of men rather than vice versa [38]. However, while
marginal, the results indicate that a gender-sensitive approach
is a promising first step toward successfully raising boys
awareness about girls' increased risk for BC when exposed to
cigarette smoke. Awareness of the risk of SHS exposure is
important for boys who smoke and may serve to motivate
changes in their smoking behavior to protect girls health.

Adolescents frequently use the Internet to access health-rel ated
information; indeed, more than 90% of adol escents have access
to the Internet at home and in school [39]. Furthermore,
one-quarter of 497 adolescents recently surveyed by Ettel et al.
[39] reported modifying their behavior subsequent to accessing
health information on the Internet. Web-based health promotion
interventions can be tailored and widely delivered to adolescents
in a relatively inexpensive and effective manner. Tailoring
Web-based messages according to gender, age, and ethnicity
has been shown to be effective in several RCTs [40]. For
example, inan RCT conducted by Mermelstein [41], adol escents
who received 10 group therapy sessions with a Web-based
adjunct and proactive phone calls were more likely to report
smoking cessation at the 3-month follow-up compared with a
control group of adolescentswho received only 10 group therapy
sessions. A recent meta-analysis found that compared with
waitlist controls, online interventions targeting voluntary
behavior change demonstrated moderate efficacy, and compared
with print materials, they were equally effective but with lower
costs and broader reach [42]. The findings from this study add
to thisbody of literature in that they indicate that brief, tailored
messages delivered over the Internet can be used to effectively
raise awareness among youth about the risks of BC from active
smoking and SHS. More generaly, our application of the
concept of a“teachable moment” to support the timing of this
health information further supports the findings of a recent
review of Web-based health promotion interventions that
emphasized the importance of basing interventions on health
behavior theory, including specific behavior change techniques
[43].
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Abstract

Background: Hepatic metastases of neuroendocrine tumors (NETS) are considered a major prognostic factor associated with
significantly reduced survival compared to patients without liver metastases. Severa surgical and nonsurgical strategies are
present to treat resectable and nonresectable liver metastases, some of which have the potential to cure liver mestatases.

Objective: The aims of the four systematic reviews presented in the paper are to determine the effectiveness of liver resection
versus nonsurgical treatment of patientswith NET liver metastases, to investigate theimpact of neoadjuvant and adjuvant treatment
options on the tumor-free survival, to assess the role of liver transplantation in patients presenting with unresectable bilateral
hepatic metastases, and to evaluate the role of primary tumor resection in presence of unresectable liver metastases.

Methods: Literature search was performed on Medical Literature Analysis and Retrieval System Online, Excerpta Medica
Database, and the Cochrane Library (Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects,
and Cochrane Central Register of Controlled Trials). No language restrictions were applied. Randomized controlled trials,
prospective and retrospective comparative cohort studies, and case-control studieswill be used for the qualitative and quantitative
synthesis of the systematic reviews. Case serieswill be only included in a separate database for descriptive purposes.

Results: This study is ongoing and presents a protocol system of four systematic reviews that will assist in determining the
effectiveness of liver resection versus nonsurgical treatment of patients with NET liver metastases. This study is also assumed
to investigate the impact of neoadjuvant and adjuvant treatment options on the tumor-free survival, therole of liver transplantation,
and the relevance of primary tumor resection in presence of unresectable liver metastasis.

Conclusions: The systematic reviews will show the current evidence based on the effectiveness of surgical strategiesin patients
with NET liver metastases and serve as basis for clinical practice guidelines.

Trial Registration: The systematic reviews have been prospectively registered with the International Prospective Register of
Systematic Reviews: liver resection (CRD42012002652);

http://www.crd.york.ac.uk/prospero/display_record.asp? D=CRD42012002652 (Archived by WebCite at
http://www.webcitation.org/6LQUgMngL,). neocadjuvant and adjuvant treatment strategies (CRD42012002656);
http://www.crd.york.ac.uk/prospero/display_record.asp? D=CRD42012002656 (Archived by WebCite at
http://www.webcitation.org/6L QVVEHUF). liver transplantation (CRD42012002655);
http://www.crd.york.ac.uk/prospero/display_record.asp? D=CRD42012002655 (Archived by WebCite at
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the locoregional primary NET

(Archived by

(CRD42012002654);
WebCite a
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Introduction

Background

Neuroendocrine Tumors

Neuroendocrinetumors (NETs) devel oping from neuroendocrine
cells can originate almost everywhere in the body [1]. Primary
NETsare mainly located in the bronchopulmonary (>25%) and
the gastroenteropancreatic system (60%) [2,3]. With an annual
age-adjusted incidence of 5.25 cases per 100,000 people, NETs
are considered to beraretumors. Most NETs occur sporadically,
whereas a minority of cases may develop due to genetic
syndromes such as multiple endocrine neoplasiatype 1 [4].

According to their functional behavior, NETs can be subdivided
into two categories: functioning NETsand nonfunctioning NETs
[5]. Functioning NETs secrete specific products such as biogenic
amines and polypeptide hormones and can cause endocrine
syndromes such as the carcinoid syndrome. Endocrine
syndromes in tumors with portal venous drainage often begin
in the presence of liver metastases. Metastases drain active
hormones directly into the systemic circulation while the liver
metabolizes hormones derived from primary tumors [6,7].
Therefore, functioning tumors are usually detected earlier than
nonfunctioning tumors and patients seem to have abetter overall
survival (OS) [8]. The nonfunctioning NETs may cause local
tumor mass-related symptoms or are found incidentally [7,9].

Liver Metastases of NETs

Despite the Slow growing nature of NETS, Pape et al reported
liver metastases of gastroenteropancreatic NETS in 84.7% of
cases at the initia diagnosis [10]. Due to the favorable
environment, metastases of NETSs are confined to the liver for
a prolonged period of time [11]. Hepatic metastases are
considered to be a major prognostic factor, associated with a
significantly reduced survival compared to patients without
liver metastases [12,13]. Furthermore, the metastatic pattern
within the liver also has prognostic and therapeutic impact.
Frilling et a suggested three different patterns of liver
metastases: single metastasis of any size (type 1); isolated
metastatic bulk accompanied by smaller deposits, with both
liver lobes awaysinvolved (type 2); and disseminated metastatic
spread, with both liver lobes always involved, single lesion of
varying size and virtually no normal liver parenchyma (type 3).
Thisclassificationisbelieved to represent differencesin biologic
characteristics of the tumors, which require different treatment
strategies [14].

Liver Resection

A wide array of options is available to treat liver metastases
from NETs, which improves the 5-year OS in 60-80% patients

http://www.researchprotocols.org/2013/2/e58/

who have undergone curative surgery compared to less than
40% untreated patients [15-17]. Surgical interventions contain
potentialy curative resection of the metastases (RO/R1). If
RO/R1 resection is not feasible, a palliative resection is
performed in patients suffering from tumor bulk or hormonal
symptoms, especially in patients with functioning NETs and
who are unresponsive to treatment. However, guidelines suggest
that palliative surgery should only be performed if at least 90%
of the metastatic bulk can be safely removed [18]. Curative
resection can only be achieved in patients with a metastatic
pattern type 1, while patients with type 2 or 3 need to be
evaluated for other trestment options [14]. Therefore, curative
resectionisonly feasiblein lessthan 20% of patients dueto the
high rate of diffuse and bilobar spreading of metastases [19].
For patients with a metastatic pattern type 2 or 3, there are
several locoregional techniques such asradiofrequency ablation,
transcatheter arterial chemoembolization (TACE), and
systemically applied therapies (eg, chemotherapy or peptide
receptor radionuclidetherapy [PRRT]) [17]. Thefirst systematic
review intendsto compare curative and palliative liver resection
versus or in combination with nonsurgical treatment options.

Neoadjuvant and Adjuvant Treatment Options

Disease recurrence after surgical treatment of liver metastases
is often observed, even when resection is performed with
curative intent [20]. To increase the resectability and to reduce
the high rate of metastatic relapse, neoadjuvant and adjuvant
treatment options need to be evaluated. According to their
treatment modality, neoadjuvant and adjuvant treatment options
can be divided into systemic (chemotherapy, biotherapy, and
PRRT) and liver-directed therapies (selective internal radiation
therapy [SIRT], transcatheter arterial embolization [TAE], and
TACE). For the chemotherapeutical strategy, several substances
have been used to treat NETS, either as a monotherapy or
combined in different regimens [21-23]. Biotherapy for NETs
essentially includestreatment with somatostatin anal ogues, such
asoctreotide and lanreotide, in order to control hormone-rel ated
symptoms [24]. PRRT consists of systemically applied
radiolabel ed somatostatin derivates that bind specifically to the
somatostatin receptor, which is overexpressed in certain NETs
and thereby damage the tumor cell [25]. Liver-directed
techniques, such as SIRT, TAE, and TACE, make use of the
biologic feature that hepatic neoplasms are preferentially
supplied viathe hepatic artery, whereas normal liver parenchyma
ismainly supplied by the portal vein [26,27].

For liver metastases arising from a non-NET primary tumor,
the benefit of neoadjuvant and adjuvant strategies combined
with liver resection has already been investigated in more detail
[28,29]. Nordlinger et a reported that the risk of recurrent
diseasein patientswith liver metastases of colorectal carcinomas
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could be reduced compared to surgical resections alone [29].
Adopting these strategies to the treatment of NET liver
metastasis could be a promising option. The second systematic
review intendsto eval uate whether neoad] uvant and/or adjuvant
treatment strategies together with surgical resection are superior
to liver resection alone.

Liver Transplantation

Controversy concerning liver metastases from NETSs as an
indication for liver transplantation arises inter alia from the
relatively low number of such patients being transplanted.
Moreover, heterogeneous 5-year OS data have been published
with ranges between 33% and 96% [ 16,30]. Therefore, our third
systematic review aims to evaluate the possible benefit of liver
transplantation as a treatment option for unresectable hepatic
metastases of NETs and to define selection criteria to choose
patients with the best possible prognosis.

Resection of the Primary NET

Another important question iswhether the primary tumor should
be removed in presence of nonresectable liver metastases asthe
answer may improve the outcome. Potential benefits of resection
are seen in providing relief from hormonal and local tumor
mass-related symptoms [31]. Since evidence is missing, the
fourth systematic review aims to answer this question.

Objective

The purpose of these four systematic reviews is to assess the
role of surgical strategiesin the management of liver metastases
of nets, to evaluate the use of adjuvant and neoadjuvant
therapies, to define selection criteria for patients who benefit
the most from liver transplantation, and to study the influence
of resection of the primary tumor.

Stump et a

Methods

Overview

These four systematic reviews dealing with surgical treatment
optionsfor NET liver metastases attempt to answer the questions
with regard to liver resection in patients with hepatic metastases
(see Textbox 1), neoadjuvant and adjuvant treatment strategies
(see Textbox 2), liver transplantation in patients with
unresectabl e hepatic metastases (see Textbox 3), and resection
of thelocoregional primary neuroendocrine tumor (see Textbox
4).

We will report our review findings in accordance with the
standards of the Preferred Reporting Items for Systematic
reviews and MetaAnalyses [32]. Our reviews were
prospectively registered with the International Prospective
Register of Systematic Reviews: liver  resection
(CRD42012002652) [33], neoadjuvant and adjuvant treatment
strategies (CRD42012002656) [34], liver transplantation
(CRD42012002655) [35], and resection of the locoregional
primary NET (CRD42012002654) [36].

The systematic review inclusion and exclusion criteriaarelisted
in Tables 1-4. No language or publication date restrictionswere
imposed on the literature search. All accessible publications
were included. The following study designs will be included
for the qualitative synthesis of the systematic review:
randomized controlled trials (RCTs), prospective and
retrospective comparative cohort studies, and case-control
studies. Case serieswill only beincluded in a separate database
for descriptive purposes. The number of excluded studies and
reasons for exclusion will be reported in a flow diagram,
according to the PRISMA Statement 2009 (Figure 1) [32].

Textbox 1. Questions with regard to liver resection in patients with hepatic metastases from neuroendocrine tumors.

In patients with resectable NET liver metastases, does liver resection with a curative intent (RO/R1) improve outcome (tumor-free survival, overall
survival, quality of life) when compared to non-surgical treatment (locally ablative techniques, percutaneous liver-directed techniques, peptide receptor
radionuclide treatment, chemotherapy, targeted therapy, biotherapy)?

In patients with NET liver metastases, does R2 liver resection (debulking) improve outcome (progression-free survival, overal survival, quality of
life) when compared to non-surgical treatment (locally ablative techniques, percutaneous liver-directed techniques, peptide receptor radionuclide
treatment, chemotherapy, targeted therapy, biotherapy)?

In patients with NET liver metastases, do locally ablative techniques as an adjunct to R2 liver resection improve outcome (progression-free survival,
overal survival, quality of life)?

Textbox 2. Questions with regard to neoadjuvant and adjuvant treatment strategies be used together with liver resection for neuroendocrine liver
metastases.

In patients with NET liver metastases, does neoadjuvant treatment improve outcome (increase in RO/R1 resectability, tumor-free survival, overall
survival, quality of life) after liver resection compared to no neoadjuvant treatment?

In patients with NET liver metastases, does adjuvant treatment improve the outcome (tumor-free survival, overal survival, quality of life) of liver
resection as opposed to no adjuvant treatment?

In patients with NET liver metastases, do both neoadjuvant and adjuvant treatment strategies improve the outcome (tumor-free survival, overall
survival, quality of life) of liver resection compared to no neoadjuvant and adjuvant treatment?
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Textbox 3. Questions with regard to liver transplantation in patients with unresectabl e hepatic metastases from neuroendocrine tumors.

In patients with non-resectable NET liver metastases, does liver transplantation improve outcome (disease-free / progression-free survival, overall
survival, quality of life) as opposed to R2 liver resection (debulking) or non-surgical treatment (locally ablative techniques, percutaneous liver-directed
techniques, peptide receptor radionuclide treatment, chemotherapy, targeted therapy, biotherapy)?

In patients with NET liver metastases, which selection criteria should be used for liver transplantation in order to improve outcome (disease-free
survival, overall survival, quality of life)?

In patients with NET liver metastases and consideration for liver transplantation, does a delay (=6 months) to assess tumor progression before
transplanting improve the selection of patients (disease-free survival, overall survival, quality of life) as opposed to early transplantation (<6 months)?

In patients with NET liver metastases listed for liver transplantation, does downstaging (locally ablative techniques, percutaneous liver-directed
techniques, peptide receptor radionuclide treatment, chemotherapy, targeted therapy, biotherapy) improve outcome (tumor-free survival, overall
survival, quality of life)?

In patients with non-resectable NET liver metastases, does living donor liver transplantation improve outcome (disease-free survival, overall survival,
quality of life) as opposed to deceased-donor transplantation or non-surgical treatment (locally ablative techniques, percutaneous liver-directed
techniques, peptide receptor radionuclide treatment, chemotherapy, targeted therapy, biotherapy)?

Does the outcome of the recipient justify the risk of the donor in the setting of liver transplantation for NET liver metastases?

Textbox 4. Questions with regard to resection of the locoregional primary neuroendocrine tumor in the presence of nonresectable liver metastases.

In patients with a pancreatic primary NET and non-resectable liver metastases, does resecting the primary tumor improve outcome (progression-free
survival, overall survival, quality of life) when compared to non-surgical treatment (peptide receptor radionuclide treatment, chemotherapy, biotherapy)?

In patients with an intestinal primary NET and non-resectable liver metastases, does resecting the loco-regiona primary tumor improve outcome
(progression-free survival, overall survival, quality of life) when compared to non-surgical treatment (peptide receptor radionuclide treatment,
chemotherapy, biotherapy)?

In patientswith alung primary NET and non-resectable liver metastases, does resecting the primary tumor improve outcome (progression-free survival,
overdl survival, quality of life) when compared to non-surgical treatment (peptide receptor radionuclide treatment, chemotherapy, biotherapy)?

Table 1. Eligibility criteriafor review on liver resection [33].

Study characteristics Inclusion criteria Exclusion criteria
Patient population Patients with neuroendocrine tumor (NET) liver metas-  Children or adolescents (under the age of 18
tases years)

Patients who underwent liver resection or nonsurgical
treatment (peptide receptor radionuclide treatment
(PRRT), chemotherapy, biotherapy)

Intervention: treatment Liver resection

Nonsurgical treatment (chemotherapy, biotherapy, local-
ly ablative techniques, radionuclide therapy)

Intervention: comparison Liver resection vsnonsurgical treatment (chemotherapy,
biotherapy, locally ablative techniques, radionuclide

therapy)
QOutcomes Primary outcome: overall survival (OS) Studies that do not report the OS

Secondary outcomes: progression-free survival, quality
of life

Study design Randomized controlled trials Case reports
Prospective and retrospective comparative cohort studies
Case-control studies

Case series
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Table 2. Eligibility criteriafor review on neoadjuvant and adjuvant treatments [34].

Stump et a

Study characteristics

Inclusion criteria

Exclusion criteria

Patient population

Intervention: treatment

Comparators:. control

QOutcomes

Study design

Patients with neuroendocrine tumor (NET) liver
metastases who underwent liver resection with or
without neoadjuvant or adjuvant treatment

Liver resection

Adjuvant and neoadjuvant treatment (including radio-
and/or chemotherapy)

Liver resection with neoadjuvant treatment vs liver
resection alone

Liver resection with adjuvant treatment vsliver resec-
tion alone

Liver resection with neoadjuvant and adjuvant treat-
ment vs liver resection alone

Primary outcome: OS

Secondary outcomes. tumor-free survival, quality of
life, increase in RO/R1 resectability

Randomized controlled trials

Prospective and retrospective comparative cohort
studies

Case-control studies

Case series

Children or adolescents (under the age of 18
years)

Studies not reporting the OS

Case reports
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Table 3. Eligibility criteriafor review on liver transplantation [35].
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Study characteristics

Inclusion criteria

Exclusion criteria

Patient population

Intervention: treatment

Intervention: comparison

QOutcomes

Study design

Patients with nonresectabl e neuroendocrine tumor
(NET) liver metastases

Patients who underwent liver transplantation or pallia-
tive liver resection or nonsurgical treatment (PRRT,
chemotherapy, biotherapy)

Liver transplantation (orthotopic, deceased donor liver
transplantation, multivisceral transplantation, living-
donor liver transplantation)

Palliative liver resection

Nonsurgical treatment (chemotherapy, biotherapy, lo-
cally ablative techniques, radionuclide therapy)

Delay of liver transplantation
Living-donor liver donation
Deceased donor liver donation

Liver transplantation vs palliative liver resection vs
nonsurgical treatment (chemotherapy, biotherapy, lo-
cally ablative techniques, radionuclide therapy)

Early vs late transplantation
Primary outcome: OS

Secondary outcomes: progression free survival, quality
of life

Randomized controlled trials

Prospective and retrospective comparative cohort
studies

Case-control studies

Case series

Children or adolescents (under the age of 18
years)

Studies that do not report the OS

Case reports
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Table4. Eligibility criteriafor review on resection of the primary tumor [36].

Study characteristics Inclusion criteria Exclusion criteria
Patient population Patients with neuroendocrine tumors and nonre- Children or adolescents (under the age of 18
sectable liver metastases years)

Primary tumor located in pancreas, intestine, or lung

Patients with neuroendocrine tumors and nonre-
sectable liver metastases who underwent resection
or nonsurgical treatment of the primary

Intervention: treatment Resection of the primary tumor
PRRT
Chemotherapy
Biotherapy
Comparators:. control Patients with neuroendocrine tumors and nonre-

sectable liver metastases who received resection of
the primary vs nonsurgical treatment of the primary

tumor

QOutcomes Primary outcome: OS Studies that do not report the OS
Secondary outcome: progression-free survival,
quality of life

Study design Randomized controlled trials Case reports

Prospective and retrospective comparative cohort
studies

Case-control studies

Case series

Figure 1. Flow diagram representing the number of excluded studies and reasons for exclusion.
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Search

Librariansof theMedical Library Careum, University of Zurich,
Switzerland, developed the electronic search strategy to query
databases and to identify all potentially relevant articles (see
Multimedia Appendix 1). The following databases were
searched: Medical Literature Analysis and Retrieval System
Online, Excerpta Medica Database, and the Cochrane Library
(Cochrane Database of Systematic Reviews, Database of
Abstracts of Reviews of Effects, and Cochrane Central Register
of Controlled Trias). The investigators were provided with an
endnote file containing all identified titlesand, if available, the
corresponding abstracts. Additional articles were retrieved
through manual search or scanning of reference lists. Titles
and/or abstracts of al identified records were independently
screened by 2 members of the review team to ascertain their
relevance and to identify studies that potentially meet the
inclusion criteriaas outlined in Tables 1-4. Thefull text of each
of these potentially relevant studies was then assessed for
eigibility. Any disagreement was resolved through discussion
with a third review team member. A predefined protocol was
used to extract data from theincluded studiesfor the assessment
of study quality and evidence synthesis.

Data Extraction

The following parameters will be chosen for data extraction:
first author's name, publication year, answering scientific
questions, study design, total number of patients, number of
patientsin the study group, number of patientsin the comparison
group, type of nonsurgical treatment, age (mean, SD, median),
male-to-female ratio, progression-free survival, OS, quality of
life (tools), and hazard risk ratio. The Grading of
Recommendations Assessment, Development, and Evaluation
will be used to grade the quality (level) of evidence and the
strength of recommendations [37].

A narrative synthesis of the findings from the included studies
will be provided. A quantitative synthesis will be used for
studies that are sufficiently homogenous from a clinical
(population comparability, interventions, and outcomes) and
from a statistical perspective (heterogeneity, eg, 1°<50%). It is
anticipated that there will be a limited scope for meta-analysis
despite a relatively large number of studies due to different
outcome measurements of the existing trials as such tumorsare
rare. However, results from studies using the same type of
intervention and comparator with the same outcome
measurements will be pooled using a random-effects
meta-analysis. In addition, risk ratiosfor binary outcomes, 95%
Cl, and two-sided P valueswill be cal culated for each outcome.

Results

This study is ongoing and presents a protocol system of four
systematic reviews that will assist in determining the
effectiveness of liver resection versus nonsurgical treatment of
patients with NET liver metastases. This study is aso assumed
toinvestigate theimpact of neoadjuvant and adjuvant treatment
options on the tumor-free survival, the role of liver
transplantation, and the relevance of primary tumor resection
in presence of unresectable liver metastasis.

http://www.researchprotocols.org/2013/2/e58/
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Discussion

The use of surgical strategies for the treatment of patients with
liver metastases from NET is still controversial. An important
step toward devel oping aconsensusisto summarize the existing
scientific literature.

Regarding liver resection in patients with liver metastases from
NETs, Gurusamy et al presented 2 Cochrane Collaboration
systematic reviewson liver resection and cytoreductive surgery
versus nonsurgical treatments in patients with resectable and
nonresectable liver metastases. Publications until July 2008
wereincluded in their reviews. Based on nonrandomized studies,
they came to the conclusion that liver resection “appears to be
the main stay curative treatment for neuroendocrine liver
metastases’ [38,39]. Our systematic review will consider data
published until 2012.

Regarding neoadjuvant therapies, PRRT seemsto be apossible
neoadjuvant option in initially unresectable primary NETS,
whileits benefit in the treatment of NET liver metastases needs
to be elucidated [40]. Apart from PRRT, chemotherapy and
biologic therapies (eg, octreotide) also need to be evaluated in
the neoadjuvant and adjuvant settings.

Liver transplantation is a controversially discussed treatment
option in patients with liver metastases from NETSs, because it
is not clear which patients benefit most from this therapeutic
strategy. Méathé et a performed a systematic review to
investigate the benefit of liver transplantation for hepatic
metastases of pancreatic NETs and grouped patients according
totheir age (lessthan 55 yearsor 55 yearsor older) and surgical
procedure they underwent (pancreatic resection prior to liver
transplantation or simultaneous resection). The 5-year OS was
found to be significantly different between patients who were
less than 55 years of age and had pancreatic resection prior to
transplantation compared to patients who were 55 years of age
or older and underwent simultaneous resection (5-year OS61%
vs 0%) [41]. Reaching an overall 5-year survival of incredibly
96%, the Milan criteria seem to provide a good foundation for
further improvement of the selection criteria [16]. Therefore,
and in combination with the scarcity of donor organs, itiscrucial
to evaluate and define accurate selection criteria for potential
transplant recipients to offer these patients the most promising
and evidence-based treatment.

Surgical resection of NETS is the treatment strategy whenever
acurativeintent is anticipated. However, it is not clear whether
resection of the primary NET is still beneficial in advanced
disease stage presenting with unresectable liver metastases.
Bettini et al investigated the role of primary tumor resection in
nonfunctioning pancreatic NETs with unresectable liver
metastases [42]. OS did not differ significantly, athough
survival was longer in patients with resected primary tumor. A
significant difference in improvement of symptomsin favor of
primary resection was observed, although quality of life was
not assessed objectively. Therefore, resection was considered
as palliative therapy in order to relief symptoms related to
primary tumor mass and prevent obstructive complications such
as bleeding, acute pancredtitis, or jaundice.
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Thefour systematic reviews described in thisprotocol will help  for developing clinical practice guidelines.
to elucidate the role of surgical strategies and serve as a basis
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Abstract

Background: Patients with hepatic metastases from neuroendocrine tumors (NETS) benefit from an early diagnosis, which is
crucial for the optimal therapy and management. Diagnostic proceduresinclude morphological and functiona imaging, identification
of biomarkers, and biopsy.

Objective: The aim of six systematic reviews discussed in this study is to assess the predictive value of Ki67 index and other
biomarkers, to compare the diagnostic accuracy of morphological and functional imaging, and to define the role of biopsy in the
diagnosis and prediction of neuroendocrine tumor liver metastases.

Methods: An objective group of librarians will provide an electronic search strategy to examine the following databases:
MEDLINE, EMBASE and The Cochrane Library (Cochrane Database of Systematic Reviews, Cochrane Central Register of
Controlled Trials (CENTRAL), Database of Abstracts of Reviews of Effects). There will be no restriction concerning language
and publication date. The qualitative and quantitative synthesis of the systematic review will be conducted with randomized
controlled trials (RCT), prospective and retrospective comparative cohort studies, and case-control studies. Case series will be
collected in a separate database and only used for descriptive purposes.

Results: Thisstudy is ongoing and presents a protocol of six systematic reviews to elucidate the role of histopathological and
biochemical markers, biopsies of the primary tumor and the metastases aswell as morphological and functional imaging modalities
for the diagnosis and prediction of neuroendocrine liver metastases.

Conclusions: These systematic reviewswill assess the value and accuracy of several diagnostic modalitiesin patientswith NET
liver metastases, and will provide a basis for the devel opment of clinical practice guidelines.

Trial Registration: The systematic reviews have been prospectively registered with the International Prospective Register of
Systematic Reviews (PROSPERO): CRD42012002644; http://www.metaxis.com/prospero/full_doc.asp?Recordl D=2644 (Archived
by WebCite at http://www.webcitation.org/6LzCLd5sF), CRD42012002647;
http://www.metaxis.com/prospero/full_doc.asp?Recordl D=2647 (Archived by WebCiteat http://mwww.webcitation.org/6L zZCRnZnO),
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Introduction

Background

Neuroendocrine Tumors

Neuroendocrine tumors (NETs) arise from the diffuse
neuroendocrine system and therefore appear widespread over
the whole body, especially in the gastrointestinal tract and the
bronchopulmonary system[1,2]. NETs secreting hormones|ead
to a symptomatic disease. Nonsecreting NETs may occur
initially asymptomatic or with delayed symptoms due to
progressiveincreasein tumor mass[3,4]. Therefore, differences
in functional behavior are the basis of a classification system
categorizing functioning and nonfunctioning NETSs [4]. Other
reported classification systems are based on embryological
originor histopathological findings. In 2010, The World Health
Organization (WHO) presented anew classification onthebasis
of tumor grading using histopathological criteria such as Ki67
index, mitotic count, and presence or absence of necrosis[5].

NETsis arelatively rare disease with an incidence of 1-3 per
100,000 [6,7]. The large range of reported incidence might be
due to the fact that NETs often present initially asymptomatic
and are often found accidentally or in autopsies [4].
Predominantly, NETs emerge sporadically (>90%) and are
traditionally assigned to multiple endocrine neoplasia type 1
(MEN1), neurofibromatosistype 1 (NF1), and
Von-Hippel-Lindau syndrome [1,4]. The clinical picture of
NETs spans over different effects of excessive hormone
secretion such as hypergastrinemia in  Zollinger-Ellison
Syndrome (ZES) with hyperchlorhydria, hyperinsulinemia in
insulinoma, flushing and diarrhoea in the serotoninergic
carcinoid syndrome. In the case of nonsecreting NETS,
symptoms present due to the adverse effects of the growing
primary tumor or metastases[8].

Biochemical Markers

Hormones secreted from NET s can be used as specific markers
for NETs. Moreover, NETS express, store, and secrete
characteristic neuronal proteins such as acid glycoprotein
chromogranin A (acomponent of the membrane neurosecretory
granula), neuron-specific-enolase (NSE), and synaptophysin
[3,9]. These proteins derived from neuronal structures could
serve as markers and are even positivein nonfunctioning NETs
[1,3]. Since more than one half of NETs are nonsecreting, these
proteins play a crucia role [4]. Assessment of different
biochemical markers depends on various parameters, such as

http://www.researchprotocols.org/2013/2/e60/

threshold cut-off level, detecting method of urine, serum or
plasma as well as location of the primary tumor or metastases
and extension of the disease. Due to the large variety and
number of evaluation parameters, it is difficult to compare the
studies [10,11].

Histopathological Prognostic Markers

Ki67 isamonoclona antibody, which was introduced in 1984
by Gerdes et a [11]. It detects a growth rate depending on the
nuclear antigen Ki67 which isonly expressed during active cell
cycle phases (S, G2, and M-phase). Ki67 is completely absent
during the resting phase GO. Therefore, cell proliferation is
assessed by the immunohistologic presence of Ki67 positive
cells per areain stained tissue blocks [11].

For various human neoplasms such as breast, lung, and solid
cancers, Ki67 proliferation index has been successfully
established as a predictive marker [12,13]. The higher the cell
proliferation, the greater is the probability for metastases
resulting in decreased patient survival. The primary location of
NETsmetastasesistheliver [14-17]. The occurrence of hepatic
metastases is a prognostic factor which strongly influences the
survival of patients suffering from NET [18-20].

Genetic Signatures and the Presence of Circulating
Tumor Cells

To stratify outcomesin patients undergoing resection of primary
NET, a smple scoring system using tumor size, histological
grade, nodal metastases, and resection margin status has been
introduced [21]. Nevertheless, current classification systems
for NETSs other than positron emission tomography (PET) fail
to predict the clinical course and the response to trestment [22].
The discrepancy might be explained either by an insufficient
accuracy of these classification systems or an adaptive NET
behavior [23]. Theselimitations of the pathol ogic classifications
have led to the investigation of other predictive parameters
based on genetic signatures aswell asthe presence of circulating
tumor cells[24,25]. These novel predictive parameters have to
beincluded in the classification systemsin order to account for
the biological behavior, thelikelihood for devel oping metastases
aswell asthe choice of treatment [25].

Imaging Methods

Imaging methods are used to diagnose neuroendocrine tumors
(NETs) and their metastases [26]. Beside conventional
morphologic imaging methods, functional imaging modalities
have been introduced in order to improve accuracy in detecting
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NETs and liver metastases [27]. Functional imaging methods
have their limitations with a great impact on a possible
therapeutic strategy, where differentiation between pancreatic
foci and neighbouring lymph nodes aswell as exact demarcation
of asuspiciousfocusto aliver ssgment iscrucial [28]. Advanced
techniques such as contrast-enhanced ultrasound may assist in
earlier detection of hepatic metastases, and could therefore offer
awider therapeutic range either surgically, with radiofrequency
thermal ablation, or with systemic chemotherapy [29].

Liver Biopsy

The most common site of neuroendocrine tumor (NET)
metastasesistheliver [30]. The presence of hepatic metastases
is a strong prognostic factor for the survival of patients with
NETs, regardless of the primary tumor site [31]. Histologic
examination isthe most sensitive diagnostic method and forms
the basis for treatment decisions [32]. However, the value of
the biopsy for treatment decision making involving primary
NETs and their liver metastases is not well defined [33,34].
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Objective

The am of these six systematic reviews is to assess the
predictive value of Ki67 index and other biomarkers, to compare
the diagnostic accuracy of morphological and functional
imaging, and to define the role of biopsy in the diagnosis and
prediction of neuroendocrine tumor liver metastases.

Methods

Systematic Reviews

Our reviews were prospectively registered at the International
Prospective Register of Systematic Reviews (PROSPERO) with
the following IDs. CRD42012002644, CRD42012002647,
CRD42012002648, CRD42012002649, CRD42012002650,
CRD42012002651.

The above six systematic reviews dealing with the diagnosis
and prediction of neuroendocrine liver metastases attempt to
address the following questionsin Table 1.
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Table 1. Scientific questions on diagnosis and prediction of neuroendocrine liver metastases.

Questions Sub-questions

Should patientswith low Ki67 index be followed up for the detection of liver metastases?

In patients with aprimary NET, what isthe predictive value of Ki67 index, mitotic count, or tumor grading, obtained from the primary
tumor, in predicting the development of liver metastases?

Should genetic signatures and the presence of circulating tumor cellsbe used in the prediction of liver metastases and to inform treatment
decisions?

In patients with a primary NET, what is the predictive value of genetic signatures obtained from the primary tumor, in predicting the
development of liver metastases?

In patients with a primary NET, what is the predictive value of circulating tumor cells obtained from the primary tumor, in predicting
the development of liver metastases?

In patients with a primary NET, should genetic signatures be used in the treatment decision (surgery, locally ablative techniques, liver-
directed techniques, peptide receptor radionuclide treatment, chemotherapy, targeted therapy, and biotherapy)?

In patientswith aprimary NET, should the presence of circulating tumor cellsbe used in the treatment decision (surgery, locally ablative
techniques, liver-directed techniques, peptide receptor radionuclide treatment, chemotherapy, targeted therapy, and biotherapy)?

Which biochemical markersshould be used for detection and post treatment follow-up of liver metastases?

In patients with a primary NET, what is the diagnostic accuracy of the available biochemical markers (eg, chromogranin A and B,
Serotonin, neuron-specific-enolase (NSE), tumor specific hormones) in detecting liver metastases?

In patients receiving aliver resection, what is the diagnostic accuracy of the available biochemical markers (eg, chromogranin A and
B, serotonin, NSE, tumor specific hormones) obtained during follow-up, in detecting recurrent disease or disease progression?

Which morphological imaging modality should be used to assess resectability of liver metastaseswith a curative intent?

In patients with NET liver metastases, what is the diagnostic accuracy of different morphological imaging modalities (US, CT, MRI)
inidentifying liver lesions and extrahepatic disease?

In patients with NET liver metastases, what is the diagnostic accuracy of different morphological imaging modalities (US, CT, 3D-
CT, MRI) in detecting vascular and biliary invasion, in order to assess resectability (RO/R1)?

Which functional imaging modality should be used to assess resectability of liver metastases with a curative intent?

In patientswith NET liver metastases, what is the diagnostic accuracy of different functional imaging modalities (octreoscan, DOTA-
SSTR-PET/CT, F-18 FDG-PET/CT, DOPA PET, etc) inidentifying liver lesions?

In patients with NET liver metastases, what is the diagnostic accuracy of different functional imaging modalities (octreoscan, DOTA-
SSTR-PET/CT, F-18 FDG-PET/CT, DOPA PET, other) in detecting extra-hepatic disease?

Do we need a biopsy of both the primary and liver metastases for the treatment decision of liver metastases?

In patients with a primary NET and synchronous liver metastases, what is the agreement between the biopsy of the primary and the
liver metastases with regards to tumor grading?

In patients with metachronous liver metastases, what is the agreement between the biopsy of the primary and the liver metastases with
regards to tumor grading?

In patients with liver metastases, what is the agreement between single vs multiple liver biopsies with regards to tumor grading?

In patients with NET liver metastases, do we need additional biopsies from normal parenchyma to detect micrometastases?

The systematic review inclusion and exclusion criteriaarelisted  following study types were included: randomized controlled
in Tables2-7. Therewerenorestrictionsin theliterature search  trials (RCTS), prospective and retrospective comparative cohort
regarding the publication language or by publication date. The and case-control studies and case series (Figure 1).
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Figure 1. Prisma 2009 Flow Diagram.
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Table 2. Eligibility criteriafor review on Ki67 index.

Study characteristics Inclusion criteria Exclusion criteria
Participants/population Patients with primary neuroendocrine tumors who were  Patients over the age of 18 years old
assessed with Ki67 index, mitotic count or tumor grading
Tumor markers Tumor markers (Ki67 index, mitotic count or tumor Studies that do not report the predictive
grading) must be obtained from the primary tumor va ue of Ki67 index, mitotic count or tumor
grading
Study design Follow-up studiesfor the development of liver metastases  No follow-up studies for the development

f li etast
Randomized controlled trials (RCTS) ot liver metastases

Prospective and retrospective comparative cohort studies  Case reports
Noncomparative cohort studies
Case-control studies Reviews

Case series

Table 3. Eligibility criteriareview on genetic signatures and the presence of circulating tumor cells.

Study characteristics Inclusion criteria Exclusion criteria
Participants/population Patients with primary neuroendocrine tumors Children or adolescents (under the age of 18
years old).

Patients whose genetic signatures of the primary tumor  Animal studies
have been tested or those who have been tested for

presence of circulating tumor cells Patients with tested genetic signatures only of

the metastases
Patients with 18 years of age or older
Test of interest Gene expression testing of the primary tumor Gene expression testing of the metastases
Test for circulating tumor cells
Reference standard The reference standard test will be the presence or
absence of liver metastases during follow-up (imaging
or histopathol ogy) by presence or absence of agenetic
signature or circulating tumor cells
Study design Cross-sectional studies of any type Case reports
Cohort studies
Reporting Studies that do not report any predictive value
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Table4. Eligibility criteriafor review on biochemical markers.

Arigoni et d

Study characteristic

Inclusion criteria

Exclusion criteria

Participants/population

Test of interest

Reference standard

Control

Study design

Primary outcome

Secondary outcome

Patients with primary neuroendocrine tumors and patients
who underwent surgery for primary liver tumors with a cu-
rativeintent and were followed up for the detection of poten-
tial liver metastases

Patients over the age of 18 yearsold

Tests of biochemical markers detecting liver metastases, and
for the post treatment follow-up of liver metastases:

1) Chromogranin A

2) Chromogranin B

3) Serotonin

4) Tumor specific hormones

(Glucose, Insulin, Proinsulin, C-Peptide, Gastrin, Glucagon,
Vasoactive Intestinal Peptide, Somatostatin, Neuron Specific
Enolase)

The different biochemical markers Chromogranin A and B,
Serotonin and tumor specific hormones will be compared

The histopathological diagnosis of the resected specimen or
atumor biopsy will be considered as the reference standard

Randomized controlled trials (RCTs)

Prospective and retrospective comparative cohort studies
noncomparative cohort studies

Case-control studies

Case series

Diagnostic accuracy of the different biochemical markers
(sensitivity and specificity)

Additional diagnostic accuracy measures of the different
biochemical markers (accuracy, positive and negative predic-
tivevalues, positive and negative diagnostic likelihood ratios,
€tc)

Studies that do not report the assessment
of resectability (second scientific question)

Children or adolescents (under the age of
18 years)

Studies that do not report the diagnostic
accuracy (first scientific question)
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Tableb5. Eligibility criteriafor review on morphologica imaging modality.

Arigoni et d

Study characteristic

Inclusion criteria

Exclusion criteria

Patient population

Study design

Reporting

Test of interest

Patients with liver metastases from neuroendocrine tu-
mors

Patientswho underwent liver transplantation or palliative
liver resection or nonsurgical treatment (peptide receptor
radionuclide treatment, chemotherapy, biotherapy)

Randomized controlled trials (RCTs)

Prospective and retrospective comparative cohort studies
Noncomparative cohort studies

Case-control studies

Case series

Computed tomography (CT)
Magnetic resonance imaging (MRI)

Ultrasound scanning

Children or adolescents (under the age of 18
years)

Case reports
Editorials

Reviews

Studies that do not report the diagnostic accu-
racy (first scientific question)

Studies that do not report the assessment of
resectability (second scientific question)
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Table 6. Eligibility criteriafor review on functional imaging modality.

Arigoni et d

Study characteristic Inclusion criteria

Exclusion criteria

Patient population Patients with NET

Patients with liver metastases
SPECT?

SPECT/CTP

SRS®

1231 _M1BG-Scintigraphy®
18 FDA-PET®

18 FDG-PET

18 popa PET/CTY

PET/CT"
PET/MRI!
1n-sry
Test of interest 123 _sRsk
Study design Randomized controlled trials (RCTs)

Prospective and retrospective comparative cohort studies
Noncomparative cohort studies

Case-control studies

Case series

Reporting

Children or adolescents (under the age of 18
years)

Case reports

Reviews
Studiesthat do not report the diagnostic accuracy

Studies that do not report the assessment of re-
sectability

85ingle photon emission computed tomography

bHybrid method of single photon emission computed tomography and computed tomography
“Somatostatin receptor scintigraphy

d(123) lodine-metai odobenzylguanidine scintigraphy

€(18) Fluoro-dopamine positron emission tomography

f(18) Fluoro-2-deoxy-D-glucose positron emission tomography

9 (18) Fluoro-L-dihydroxyphenylalanine positron emission tomography

thbrid method of positron emission tomography and computed tomography

i Hybrid method of positron emission tomography and magnetic resonance imaging
J'(111) Indium-somatostatin receptor scintigraphy

k(123) | odine-somatostatin receptor scintigraphy
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Table 7. Eligibility criteriafor biopsy of primary and liver metastases.

Arigoni et d

Study characteristic Inclusion criteria

Exclusion criteria

Patient population
NET liver metastases

Patients with primary neuroendocrine tumors and/or

Children or adolescents (under the age of 18
years old)

Patients who underwent a biopsy of the primary and

liver metastasis

Patients who underwent multiple biopsies of the liver
metastases and/or healthy parenchyma

Test of interest Biopsy of primary NET and/or NET liver metastases  Studies that do not report histo-pathol ogical
biopsy results
Study design Randomized controlled trials (RCTs) Case reports
Prospective and retrospective comparative cohort
studies
Noncomparative cohort studies Case-control studies Reviews

Case series

Cross-sectional and/or cohort studies

Search

Librarians of theMedical Library Careum, University of Zurich,
Switzerland, develop the electronic search strategy to query
databases and to identify all potentially relevant articles. The
following databases will be searched: MEDLINE, EMBASE
and The Cochrane Library (Cochrane Database of Systematic
Reviews, Cochrane Central Register of Controlled Trias
(CENTRAL), Database of Abstracts of Reviews of Effects).
The investigators will be provided with an Endnote file
containing al identified titlesand, if available, the corresponding
abstracts. Additional articles will be retrieved through manual
search or scanning of reference lists. Titles and/or abstracts of
all identified records will be independently screened by two
review team membersto ascertain their relevance and to identify
studies that potentially meet the inclusion criteria outlined in
Tables 2-5. The full text of each of these potentially relevant
studies will then be assessed for eligibility. Any disagreement
will be resolved through discussion with a third review team
member. A predefined protocol will be used to extract datafrom
theincluded studiesfor assessment of study quality and evidence
synthesis.

Data Extraction

The parameters for data extraction will be the following: first
author’s name, publication year, answering scientific questions,
study design, total number of patients, number of patients in
the study group, and number of patients in the comparison
group. The Grading of Recommendations Assessment,

Acknowledgments

Development and Evaluation (GRADE) will be used to grade
the quality (level) of evidence and the strength of
recommendations [35].

A narrative synthesis of the findings from studies included will
be provided. A quantitative synthesis will be used for studies
that are sufficiently homogenousfrom aclinical (comparability
of populations, interventions and outcomes) and from a
statistical perspective (heterogeneity, eg, 12<50%). We anticipate
that there will be a limited scope for meta-analysis despite a
relatively large number of studies due to the different outcome
measurements of the existing trias (ie, since such tumors are
rare). However, results from studies using the same type of
intervention and comparator, with the same outcome and
measurements will be pooled using a random-effects
meta-analysis. In addition risk ratios for binary outcomes, 95%
confidence intervals and two- sided P values will be cal culated
for each outcome.

Discussion

There are several modalities for the diagnosis and prediction of
neuroendocrine liver metastases;, however, there is a lack of
consensual data on the subject. The six systematic reviews
described in this protocol will elucidate the role and compare
histopathological prognostic and biochemical markers, biopsies
of the primary neuroendocrine tumor and NET liver metastases,
morphological and functional imaging modalities. They will
help to define clinical guidelines.
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Abstract

Background: eHealth isabroad term referring to the application of information and communication technologiesin the health
sector, ranging from health records to medical consultations (telemedicine) and multiple forms of health education, support, and
tools. By providing increased and anytime access to information, opportunities to exchange experiences with others, and
self-management support, eHealth has been heralded astransformational. It hasthe potential to accelerate the shift from traditional
"passive patient” to an informed, engaged, and empowered "patient as partner,” equipped to take part in shared decision-making,
and take personal responsihility for self-managing their illness.

Objective: The abjective of our study is to examine how people with chronic illness use eHedlth in their daily lives, how it
affects patient-provider relationships, and the ethical and practical ramifications for patients, providers, and service delivery.

Methods: This two-phase qualitative study is ongoing. We will purposively sample 60-70 participants in British Columbia,
Canada. To be eligible, patient participants have to have arthritis and at least one other chronic health condition; health care
providers (HCPs) need acaseload of patientswith multi-morbidity (>25%). To date we have recruited 36 participants (18 patients,
18 HCPs). The participants attended 7 focus groups (FGs), 4 with patients and 3 with rehabilitation professionals and physicians.
We interviewed 4 HCPs who were unable to attend a FG. In phase 2, we will build on FG findings and conduct 20-24 interviews
with equal numbers of patients and HCPs (rehabilitation professionals and physicians). Asin the FGs conducted in phase I, the
interviewswill use asemistructured, but flexible, discussion guide. All discussions are being audiotaped and transcribed verbatim.
Constant comparisons and a narrative approach guides the analyses. A relational ethics conceptual lensis being applied to the
datato identify emergent ethical issues.

Results:  This study explores ethical issues in eHealth. Our god is to identify the role of eHealth in the lives of people with
multiple chronic health conditions and to explore how eHealth impacts the patient role, self-managing, and the patient-HCP
relationship. The ethical lens facilitates a systematic critical analysis of emergent ethical issues for further investigation and
pinpoints areas of practice that require interventions as eHealth devel ops and use increases both within and outside of the clinical
Setting.

Conclusions: The potential benefits and burdens of eHealth need to be identified before an ethical framework can be devised.
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Introduction

Background

eHealth can potentialy transform how people live with and
manage chronic illness. eHealth isabroad term referring to the
application of information and communication technologiesin
the health sector, ranging from electronic health records to
medical consultations (telemedicine) and multiple forms of
patient information [1]. We limit eHealth in this study to the
technologies used by patients to gather health information and
support  self-management,  specifically, Internet use,
decision-making tools, and monitoring systems [2]. “eHealth
isan emerging field in the intersection of medical informatics,
public health and business, referring to health services and
information delivered or enhanced through the Internet and
related technologies. In a broader sense, the term
characterizes...a commitment for networked, global thinking,
to improve hedth care...by wusing information and
communication technology” [3]. The Canadian government has
invested inthisareasince 1977 “eHealth isan essentia element
of health care renewal ...Health Canada's priorities and efforts
have focused on addressing policy issues and challenges in
mainstreaming eHealth services within Canada's health care
system and with measuring progress with the deployment and
investment of these services’ [1].

In 2009, 80% of 30,000 Canadian households and 73% of rural
households in Canada used the Internet for personal reasons,
while householdsin British Columbiareported the highest rates
(85%). Of the Canadians who used the Internet, 70% used it to
“search for medical or health related information,” up from 59%
in 2007 [4]. A 2010 Pew survey in the United States showed
that 74% of 3001 adults over the age of 18 used the Internet, of
whom 80% (2065) sought health information [5]. The survey
also showed that women are more likely to search for specific
diseases and other medical problems, for themselves and others,
reflecting their traditional role in family health. A lower
percentage of peoplewith chronicillness (n=1488) sought online
health information than those who reported arecent experience
of an acute episode (n=982) [5]. Fifty-three percent of adults
with chronic conditions reported seeking health information
online, compared to 62% of adults reporting no chronic
conditions. Overall there was high motivation, especially among
people living with chronic conditions, to connect with each
other on the Internet. These figures suggest a lack of Internet
access, rather than a lack of interest in health, as the primary
reason for the gap. Those who accessed health information
identified positive impacts such as gaining support for
self-management and advice about negotiating pathwaysthrough
care, learning from peers, gaining emotional support, and
acquiring advice about treatment options [5]. Fox [5] suggests
that this Internet access gap creates agap in health information
for people with chronic illness [5].

http://www.researchprotocols.org/2013/2/e38/

Evidence of eHealth I nfluence

Given the potential role of eHealth in health care delivery, little
evidence is available about how it is influencing patient-HCP
relationships. A review of eHealth by Dedding et a [6] and
HCP consultation identified five broad areas of impact. Positive
impacts include (1) providing a replacement for face-to-face
consultations, (2) supplementing existing relationships and
forms of care, and (3) creating favorable circumstances for
strengthening patient participation. On the other hand, eHealth
may disturb the patient-HCP relationship (eg, some providers
may feel threatened by patient knowledge and empowerment).
Also, it demands moreintense and frequent patient participation.
Dedding concluded that experiences of patients are diverse,
contradictory, and complex and that more research is required.
Some evidence reveals a steep increase in patients who take
health information found on the Internet into consultations[7,8].
Gauld's telephone survey [7] was based on a nonrepresentative
sample of 406 Internet health users in Australia and New
Zealand. He found patients increasingly use consultations to
understand and confirm their Internet-acquired health
information, 52% of Internet users had sought Internet health
information alongside consulting their doctors, 40% consulted
the Internet prior to their medical meeting, and 50% discussed
health information they had found on the Internet with their
practitioner. Of these Internet users (n=203), 15% believed their
practitioner felt uncomfortable with this, 46% affirmed that it
improved their relationship with their practitioner, and over
80% felt that it enhanced their understanding of the
Internet-acquired information and treatment plan.

Another major form of Internet health use is found in
peer-to-peer support or online forumswhere people share health
concerns, experiences, information, and offer emotional and
decision support [9] at all stagesof chronicillness. A systematic
review of online peer-to-peer support groupsfailed to show any
benefits or harms to participants [10]. Another review of 47
studies concluded that while virtual communities have the
capacity to empower consumers and improve service delivery,
there is insufficient evidence regarding their effect on health
outcomes[11]. The 2010 Pew Internet national survey of 3,000
respondentsin the United States noted peer-to-peer help among
people living with chronic conditions as a highly significant
finding; 23% of Internet users living with a chronic condition
reported going online to find others with similar health issues
[5]. People can communicate with othersin real time, remain
anonymous, control the amount of personal information given,
and benefit from the empathy of others who understand their
fears[12], but there are potential problems such as the quality
and trustworthiness of information shared [2]. For example, the
stories of others may induce anxieties, offer mideading
viewpoints, and inform decisions based on dubiousinformation
[13].
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Self-management applications such as electronic devices for
self-monitoring chronic conditions (eg, diabetes and asthma)
have shown positive clinical effectsin systematic reviews, but
more evidenceiscalled for [14]. A longitudinal study examined
factors that encouraged use of a Web-based resource for
monitoring diabetes, positive aspectsincluded gaining feedback
from an HCP and being encouraged to actively self-manage,
while drawbacksincluded poor user friendliness[15]. Evidence
shows that monitoring may improve patient awareness and
adherenceto treatments[16,17]. However, while self-monitoring
systemsaretypically regarded asempowering for patients, they
may also induce feelings of detachment and lead some patients
to become more passive [18]. So, while technically effective,
there may be negative impacts [19]. Quantitative research that
examined self-monitoring in Type 1l diabetes found that
monitoring could cause anxiety and depression and have a
negative impact on quality of life [20]. Likewise, areview on
self-monitoring blood pressure indicated it could be harmful to
quality of life and encourages people to independently modify
their treatment regimens. [21].

Decision aids are designed to inform and support individuals
in making health and treatment decisions relevant to them and
their illness condition through presenting information, options,
and outcomes[22]. Increasingly electronic and interactive, they
are regarded as important components of eHeath [2]. One
review of 55 clinical trialsinvolving 51 different decision aids
showed multiple positive benefits such as encouraging patients
to be more actively involved with treatment decisions without
causing anxiety [22]. Criticisms have also been aimed at
decision aids, in particular that they can be insensitive to the
needs of individual patients [23]; this is especialy relevant to
those with multi-morbidities and complex treatment regimens.

There is some evidence about physician responses to eHealth.
Jacobson’'s review [24] shows that there is resistance from
physicians regarding online heath information [25,26].
Oncologists displayed skepticism relating to the nature and
quality of Internet information and the potential for inducing
anxiety or false hope in patients [27]. A focus group study in
Canada with 48 family physicians showed the physicians had
concerns regarding patients being misinformed by online
information, which could cause confusion, distress, and
inappropriate self-treatment [ 28]. Another concern wasthetime
it took to explain Internet information [28,29], which could
cause frustrations and tensions in patient-doctor relations [30].
Other studies show significant variation in how specialists
respond to patients. There is some evidence that a very small
percentage of professionals recommend that their patients use
thelnternet or refer to the Internet during in-person consultations
[31], while some physicians have described the Internet as
having a positive effect [32]. In one cross-sectiona survey of
a nationally representative sample of United States physicians
(1050 respondents; response rate 53%), 75% of physicians
considered theincrease in health information on the Internet to
be “a good or very-good thing.” Thirty-eight percent (n=399)
of physicians believed that bringing Internet information to the
consultation was either positive or neutral [29]. A study of male
cancer patients suggested that the Internet strengthened the
patient-physician relationship, asit prompted di scussions about
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onlineinformation [27]. These changesin the patient role have
implicationsfor physician training. Bos[33] undertook areview
of patient empowerment in 2012 and concluded that HCPs will
need training to deal with knowledgeabl e patients and emerging
ethical issuesin eHealth [33].

Given the potential of eHealth to transform illness experience
and the delivery of care, it may be particularly significant for
people with multi-morbidity and associated wide-ranging
information and complex self-management needs [34]. The
explosion in online health information and support groups,
electronic tools, and decision aids aligns with rising trends in
self-management of chronic conditions and healthy consumer
self-care[35]. Self-management programsfor arthritis, diabetes,
and other chronic diseases encourage patients to take on an
active role and promote individual responsibility in illness
management [36,37], and there is evidence to show that
self-management programs are associated with positive
outcomes [37]. Despite there being a lack of robust evidence
[38], eHealth is considered a key tool to extend the reach of
self-management programs with the capacity to more
successfully align initiatives with patient needs, support and
educate individuals to more actively participate in their health
management [39], encourage patient-provider partnerships in
health care [40], and “empower” people to maintain control of
their illness and lives [2]. There is optimism about eHealth’s
potential to improve health care processes and patient outcomes
[41]. The informed patient uses the Internet to seek second
opinions, understand symptoms, get support, gain clarification
of HCPs' advice, and devise questions for future consultations
[42]. Policy documents from Health Canada's Office of Health
and the Information Highway and the Department of Health in
the United Kingdom also suggest that more informed patients
would be empowered and equi pped to better managetheir health
[24,43].

Aim of the Study

The main aim of this study is to provide a systematic ethical
analysis of emerging issues in eHealth regarding its role and
impact on chronic illness experience and management. Specific
objectives are to:(1) identify, understand, and compare how
men and women with multi-morbidity (arthritis plus one or
more chronic conditions) use eHealth, both broadly and with
particular attention to their gathering of health information,
decision-making, and self-management, (2)investigate how
eHeal th impacts patient-provider relationships, and (3) identify
and address ethical ramifications of eHealth for patients,
providers, and health service delivery.

Our research will contribute to a better understanding of the
role of eHealth in managing multi-morbidity from patient and
HCP perspectives. eHealth has been identified as a catalyst for
positive and sweeping improvements, but only provisional
empirical evidence on how consumersengagewith eHealthand
conflicting evidence about its impact on patient-provider
relationships exists. Focusing on experiences of multi-morbidity,
toilluminateissues of use and need, this study will identify and
analyze emerging ethical issues of eHealth domains for
self-management and  patient-provider  relationships.
Technol ogies might not deliver their potential if we do not gain
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a comprehensive appreciation of benefits and harms. For
example, the study may illuminate how eHealth affects
empowerment, autonomy, and equity on individua,
interactional, and systems levels in different practice contexts.
Distinguishing the salient themes will help to guide further
research and begin to identify areas for both patient and HCP
support and the implications for decision-making and the
patient-HCP rel ationship.

Ethical Framework and Study Design

A relational ethics approach is suitable to identify and analyze
the potential benefits and harms of arange of eHealth sources
and address how far they enhance patient-provider interactions
and support genuine decision-making. Moral reasoning can
provide a framework to address ethical considerations in
eHealth. While drawing on the traditional bioethics principles
of autonomy, beneficence, and justice, we adopt a relational
approach to understanding the role and ramifications of eHealth.
Relational ethics emphasizes context. For example, the
traditional conceptualization of autonomy offers an
individualistic model of human agency, emphasizing
independence and individual competence [44]. Relational
autonomy prioritizesinterdependence, relationships, social, and
structural factors that facilitate or constrain meaningful
self-direction [44]. As such, relational ethics is equipped to
tackle arange of ethically complex situationsarising in eHealth.

Empowerment is claimed as amajor benefit of eHealth, but the
process of becoming empowered and what this meansto patients
and HCPsisnot well understood. For example, an overemphasis
on empowerment may be harmful to patients. If thereisafocus
on individual patient’s ability and desire to be empowered,
people may feel responsiblefor underachievement of outcomes
to control a disease or symptoms. This may be especialy
challenging for those managing multiple diseases with
conflicting recommendations and multiple medications for
different health problems[45]. A review of eHealth by Dedding
et al [6] raises questions about the redistribution of tasks and
responsibilities to patients as consumers, and how far this
becomes an added burden in daily life[6]. Being self-sufficient
and informed may place unredistic and burdensome
expectations on the sickest and exacerbate disadvantage. Some
people may resist the new patient role, not have the resources,
or lack an HCP who supports their developing empowerment
[46,47]. Thiscritical stance mirrorsresearchin sociology about
the work of chronic illness and self-management [48], and an
ethics perspective on “ patient work” [49]. Relational autonomy
emphasizes the complex webs of persona and institutional
relationships that facilitate real choice and offer ways of
respecting another’'s autonomy. In this way, it addresses the
daily life context of patients and the patient-HCP encounter and
engages critically with the concept of empowerment and the
context in which it emerges and is supported [6].

eHealth poses situations of fundamental moral uncertainty and
conflicts between competing values and responsihilities in
patient-provider relationships[6]. For example, some providers
may find it difficult to relinquish traditional roles and a
challenge to gain skills in new partnership-based roles. We do
not know how issues of trust and agency are impacted by
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eHealth. There may be tensions between the development of
trust and patient empowerment, which is seen asamajor benefit
of eHealth aswell as prioritized as a policy goal. Interpersonal
trust has traditionally been based on imbalance in the medical
encounter, the vulnerability of the patient and the specialized
knowledge of the HCP [50]. Given the potential shift in the
patient-provider relationship, forming a partnership of trust
requires knowledge and skillsto encourage genuine partnership.
For example, traditionally HCPs have been the gatekeepers to
health information, but Internet information is an integral part
of patient experience. The trust relationship and clinicians
fiduciary responsibility to be beneficent and avoid harm extends
to respecting, recognizing, and supporting the patient’s
perspective and listening to patients as partners. Harm may
ensueif patients skills, experience, and knowledge are devalued
[46], which isinconsistent with providers' obligations of fidelity
and compassion [51], and their role in providing meaningful
support. A relational approach to autonomy will examine the
perspectives of both consumers and HCPsin the context of this
cultural shift in care and address a range of issues including
mutual trust, shared decision-making, and responsibility.

Individualswith poorer health status may also have less access
to eHealth tools, so the expansion of eHealth could exacerbate
health disparities. Even if there is equal access to eHealth
resources, its potential benefits may remain beyond reach for
some individuals/groups. Access alone, if not accompanied by
services, support, and resources designed to reach and appeal
to diverse populations, will not automatically improve an
individual's eHealth use, or their health outcomes. The concept
meaningful access, recognizesthat in addition to physical access
to eHealth, individuals need the skills and resources to use
eHealth tools on a sustained basis. Issues of equity need to be
considered regarding disparity in access to skills, education,
and opportunities to develop them. Some people live complex
lives compromised by illness and face adverse social conditions
and personal circumstances that may place constraints on what
they can accomplish via eHealth. Multiple disadvantages and
vulnerabilities may compound illness and how illnessis faced.
In this way, structural, personal, and cultural factors may
compromise or support optimum use of eHealth. Equity issues
also include accessto suitabl e equipment, I nternet connections,
opportunitiesfor skill development, ongoing technical support,
and web content that isappropriate for diverse users. Meaningful
access also requires appropriate daily life situations, HCP, and
health services support. A relational ethics approach will address
issues of accessin context, or meaningful accessto eHealth and
its ramifications.

Methods

Two-Phase Study

In this two-phase study, we use a qualitative approach, suitable
to investigate process, social settings, human behavior, and
examine how individuals make sense of their world. In this
study we are guided by grounded theory [52] and narrative [53].
We apply a*“socia constructionist version” of grounded theory
that aims to gain an interpretive understanding of socia
phenomena [52], emphasizing flexibility, replacing the more
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formulaic approach of origina grounded theory [52]. We attempt
to construct theory from the data, and will draft an explanatory
framework for future study. We also draw on a narrative
approach to hear people’s storied accounts of their lives and
experiences, how they build coherence, and link action with a
moral purpose. This helps us recognize the moral themes of
accounts. This fits with our focus on the ethics of health care
and our overarching framework of relational ethics. In phase
one of thisstudy we conducted focus groupsto gaininsight into
arange of perspectivesand experiences of eHealth from arange
of HCPs and patients. In part, this was a pragmatic choice,
because it gave us the opportunity to relatively easily collect
data from  severa perspectives  simultaneously.
Methodologically, we aso wanted to encourage group
discussion so that we could explore what people thought, how
they thought, and why they thought that way [54]. We are in
the process of identifying emergent themes that we will use as
abasisfor the phase-two interview topic guide for patients and
HCPsfor in-depth investigation.

Rationale for Participant Sample

We selected people with arthritis and co-conditions for this
study for two reasons-pragmatism and prevalence. We have an
established, excellent working relationship with the Arthritis
Research Center of Canada. Building on our knowledge base
and research relationships enhanced recruitment and study
feasibility. Figure 1 shows a screenshot from the Research
Centre’'s Web page. Arthritisis a highly prevalent and serious
chronic condition, the leading cause of pain and disability in
Canada[55], hampering meaningful activity acrosslife domains.
The Canadian Community Health Survey (CCHS), (124,844
respondents, response rate 76%) based on 2007-2008 data,
estimated that more than 4.2 million Canadians 15 years and
older (16% of the population) had arthritis[55]. The coexistence
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of other chronic conditions with arthritis was reported as
common by the Public Health Agency of Canada, based on the
CCHS 2007-2008 data; both men and women frequently
reported back problems (42.5%, 41.6%, respectively), high
blood pressure (34.7%, 39.1%), heart disease (14.7%, 12.3%),
diabetes (14.4%, 13.3%), and mood or anxiety disorders (13.3%,
19.5%) [55]. These coexisting conditions pose problems for
individuals, populations, and HCPs, complicating effective
treatment and disease management [56]. Multi-morbidity (the
presence of two or more co-occurring chronic conditions)
becomes more common as populations age, and will rise [57].
Research until very recently has however, tended to focus on
single conditions.

Multi-morbidity is increasingly common. A 2003 Canadian
study concluded that patients with multi-morbidity seen in
family practice weretherule rather than the exception [34]; the
province of British Columbia reported that in 2005/2006, 1.3
million patients had 1-3 confirmed chronic conditions and over
92,000 had 4 or more confirmed chronic conditions [57].
Multi-morbidity is associated with high burdens of care and
cost [58]. Despitethis, our knowledge and understanding of the
impact of multi-morbidity for patients and HCPs is poor [59].
Furthermore, despite the explosion of eHealth, we are aware of
very littleresearch, if any, onthe ethical implicationsof itsrole,
the impact on sef-management, and the patient-HCP
relationship in multi-morbidity. Because eHealth is a vast
resource for both consumers and HCPs, it isvital to identify its
potential benefits and harms, perhaps particularly salient for
those who have multi-morbidity and their HCPs who deal with
more information and more complex decisions. By using our
existing relationships in the arthritis community, we continue
to efficiently recruit patients and HCPs with a focus on a
common chronic condition as a unifying thread, and
concomitantly explore the complexity of multi-morbidity.

Search...
/\r\C Arthritis Research Centre of Canada
Arthrite-recherche Canada
th Orienter la recherche
> 5 VIas.
Home AboutUs Research News Videos Getinvolved Events Arthritis Tools i

How is technology used in health care...
And what are the ethical issues?

Principal Investigator

Catherine Backman, PhD, FCAOT

Professor, Occupational Science and Occupational Therapy
University of British Columbia (UBC)

Arthritls Research Centre of Canada (ARC)

Why do this research?

E-Health is the use of modern lechnologies such as the inlemet, electronic self-monitoring devices, and

decision aids to access health services and information. E-Health is widely claimed o offer health benefits, for example, to help people in their self-

care.

n 2010,
litle re:
a8 s which emerge (e.g., the bene
inflammatory arthritis (14) suggests that e-h.
health and reatments. This project focuses
of e-health and what it means for their health and accessing health senvices

When will the final results be reported?

% of Canadian Internet users searched for medical or health-related information. The use of electronic tools is also rising. Yet surprisingly
ch hag examined how people with chronic liness use e-health in thelr daily lives and how it affects patient-cliniclan relationships, as well
and potential harms of e-health). Our previous work on the axperiences of people with
fluenced how some people accessed health services and were involved in decisions about their
ople with 1A and at least one other chronic condition. Wi investigate how people use diffierent types

We held our first focus group in November 2012 and the stdy is funded for 18 months. We anticipate we will report some preliminary results by

Summer 2013, and final results by the end of 2014,

How are we conducting this study?

We will conduct 4-5 focus groups (small group discussions) with health care consumers and Health Care Professionals (HCPs) io explore issues in e-
health from both of these perspectives. Then, we will interview approximately 12 consumers and 12 HCPs to gain a more detailed understanding of

the impact of e-health on issues such as the patient-HCP relationship.
How is this study being funded?

This project recaived an 18-manth catalyst grant from the Canadian Institutes of Health Research (CIHR).
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Participants and Procedures

We aim to recruit a total number of approximately 60-70
participants for FG discussions and in-depth interviews. This
sample comprises an equal number of patients and HCPs. All
participants will be adults with self-reported diagnosis of
arthritisand one other condition, and use online health resources.
This number was considered appropriate on methodological
and practical grounds. It isfeasible given thetime of theresearch
over 18 months; it alows comparisons between groups to
identify patterns and range of experiences. Also, because of the
amount of data generated in qualitative inquiry, this number
still allows for in-depth analysis of data. A purposive sample
will be recruited using online groups and listservs, newsl etters,
websites, postersin clinical settings and offices, word-of-mouth,
and community advertising. Theinclusion criteriafor HCPsare
a minimum of 2 years experience working with people with
chronic conditions, and who report at least 25% of their caseload
has more than one chronic condition. Theinclusion criteriafor
patients are a diagnosis of arthritis (eg, rheumatoid arthritis,
ankylosing spondylitis) and at least one additiona chronic
condition of any duration. For practical reasons, participants
live in British Columbia and are able to converse in English.
We aim for variation in socio-demographic characteristics
including age, gender, geographical location, years of experience
and professions (HCP), or disease duration and education
(patients). Family members/caregivers of patients will be able
to participate in the study.

We planned 8 FGs of 4-8 participants, with patients and HCPs
in separate groups—at least four groups with HCPs (including
family physicians, specialist physicians, nurses, occupational
and physical therapists) and the remainder with patients. The
FGs have been and the interviews will be facilitated/conducted
by members of the research team experienced in qualitative
research (AT and PA). Group discussions lasted approximately
2 hours, plusashort break. For the in-depth interviews we plan
to recruit approximately 12 patients and 12 HCPs in order to
gain perspectives of both groups (24 interviewsin total). Based
on our previous qualitative studies on living with chronic
conditions, we expect interviews to last approximately 90
minutes. All interview participants will receive a telephone
follow-up call of 20-30 minutesthat will serveto verify, clarify,
and expand on issues discussed.

The audiotaped FGs began by exploring topics, which will be
refined and explored further in the interviews. Content focused
on forms of eHealth and their impact for self-management and
patient-provider relationships, and were organized into three
sections. First, broad questions were asked to explore how
participants used or viewed eHealth, what kinds of information
they needed and preferred, and what sort of decisions they
considered making based on eHealth information. Examples of
eHealth formats mentioned were: (1) peer-to-peer online support
groups, (2) Internet use in general, (3) decision aids, and (4)
self-management monitoring devices and applications. The FG
guide was arranged around four key areas (1) Devicesand types
of eHealth used, (2) Details about reasons for use, (3) How
eHealth useinfluenced actionstaken including interactionswith
HCPs, and (4) The benefits and harms/drawbacks of eHealth.
(Thisfourth section probed about ethical issues of eHealth both
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explicitly and implicitly). Participants were encouraged to
compare and contrast their use and views of different types of
information and how it related to their experiences. To
encourage maximum engagement from all participants, sessions
wereasrelaxed as possible, with refreshments and acomfortable
setting (eg, seated in acircle). The facilitator encouraged each
participant to contribute to all sections of the topic guide, and
to talk to each other and not address themselves solely to the
facilitator. In thisway focused conversation was fostered rather
than questions/answers format. A flip chart was used to note
key points and for more focused probing and elaboration. The
level of discussion of each issue varied between and within
groups. We anticipated that the FG would be unlikely to fully
explore al the questions; consequently they were used to
generate preliminary dataand to identify the most salient topics
and findings to inform an interview guide for more in-depth
exploration with individuals (see Multimedia Appendix 1 for
key FG questions).

Analysis

An iterative, thematic approach using constant comparative
methods is being applied to the data. The audiotaped FG
discussion transcripts have been, and the interviews will be,
checked against recordings for accuracy and anonymized. We
will agree on conceptualizations of relational ethics as an
overarching analytic framework. The FG analysis draws on
aspects of grounded theory-simultaneous collection and analysis
of data, two-step data coding process, constant comparative
methods, and memo writing. Three researchers read and
annotated a sample of transcripts independently and after
discussion agreed on a broad initial coding framework, which
will be applied to al transcripts using QSR NVivo7 software.
Thisallows data storage, organization, and constant comparisons
within and between transcripts. We will modify and add codes
inthelight of fresh transcripts and repeated readings. We applied
initial themesto all transcripts (eg, building trust). After further
analysis higher-level themes will emerge (eg, informed trust,
trust wariness). We are identifying both a priori and emerging
themes. A summary analysis will provide themes for the
interview guide. Interview anaysis similarly will follow
grounded theory as above. The data generated will be more
in-depth and also alow a narrative analysis. We will look for
three core narratives-stability, progressive, and regressive [53].
In thisway, the analysisis drawn to process, morally informed
actions, and decision-making. Applying arelational ethicslens
to the dataset, emerging themes include issues related to
autonomous decision-making, building trust, hampering trust,
building partnerships, taking control, giving control, and sharing
responsibility. The ethical analysis will be interpreted in the
context of the current literature and e-sources. It will also guide
the development of a future more extensive investigation of
greater scope (of the most salient eHealth ethical concerns, with
arange of people) with patients, clinicians, and caregivers, to
assess the transferability of the findings about access,
benefits/burdens of eHealth, and communication in
consultations.
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Ethics Approval

We obtained ethics approval for the research from the University
of British Columbia Behavioral Research Ethics Board and
Vancouver Coastal Health Research Institute. Participants in
this study will be provided with a detailed information sheet
describing the study and sufficient information to make an
informed decision about participation before they give written
consent. Participants will be informed they can withdraw from
the study at any time.

Results

This paper presents aprotocol of astudy in progress, and results
are not yet known. The current project status is as
follows—Between November 2012 and June 2013 we recruited
36 participants (18 patients, 18 HCPs). The participants attended
7 FGs, 4 with patients and 3 with rehabilitation professionals
and physicians. We interviewed 4 HCPs who were unable to
attend an FG. Preliminary analysis revealed that patients and
HCPs expressed similar views about eHealth, though examples,
emphasis, and prioritiesvaried. Analysisisongoing and findings
from the FGs are anticipated by October 2013. Building on the
main themes to emerge from this FG phase of the study, we
will create topic guidesto conduct interviews between October
and November 2013. Resultsfrom theinterviews are anticipated
by March 2014.

Discussion

Qualitative Studies

Like many qualitative studies, we will gain retrospective
accounts of participant experiences. Because we are not asking
participants to relay objective facts, but subjective experiences
most significant to them, they are likely to recount potent
factors, episodes, and processes associated with how they
experienced eHealth, multi-morbidity, and clinical encounters,
which is our main interest. A well-designed qualitative study
is an efficient method for capturing awide range of experience
fromtheindividual’s perspective, while minimizing the chance
of missing salient factors due to recall bias. Recruiting from
British Columbia alone is a potential limitation in terms of
generalizability. However, we can estimate how far our findings
will be transferable to other settings. Our sampling approachis
a practical solution to reach people with arthritis and at least
one other condition and HCPs.

Chronic llinessand eHealth

Surprisingly little research has examined how people with
chronicillnessuse eHedthin their everyday lives, how it affects
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patient-HCP relationships, or its ethical ramifications for
patients, providers, and service delivery. This study examines
these issues, drawing on traditional bioethics principles of
autonomy, beneficence, and justice within a more recent
framework of relationa ethics. Internet use is enormously
diverse with numerous formats of factual sites, which can be
accessed at any time, encouraging rising health consumerism
[2]. People increasingly use the Internet to proactively manage
their health [30,32]. Thereis some evidence to show the Internet
influences decision-making. InaUS survey drawing on asample
of 60,000 households, responses were analyzed from 4764
individuals 21 years and older who self-reported as Internet
users. Forty-three point seven percent reported more than one
chronic condition, about half of whom indicated Internet use
improved their understanding of their chronic conditions and
treatments for their chronic condition or other symptoms and
treatments. “The percentage indicating effects on decisions
about health or health care or on use of the health care system
ranged from 7% to 32%" [60]. There are concerns about the
quality and quantity of health information on the Internet [2]
and we have limited knowledge of how consumers engage with
eHealth[2]. Gauld [ 7] reported that 90% of respondentsbelieved
that health information obtained over the Internet was
trustworthy, yet only 35% consistently checked the credentials
of the information source. Research to date has only begun to
tap into the frequency of Internet use and patient-provider
communication; more in-depth study of the influence of this
information is necessary. One example for further study isto
assess whether or not integrating Internet data into the
patient-provider consultation lengthens the visit or affects
attitudes, communication style, or intervention plans to better
understand the role of eHealth information in patient
engagement and empowerment. Given the enormous potential
eHealth holds for transforming and enhancing health care
delivery and self-management, we know relatively little about
how eHealth impacts the patient-HCP relationship. We have
insufficient evidence of the potential harms and benefits of
Internet use for people's health. Gaining evidence as a precursor
to introducing costly interventions based on enthusiasm rather
than evidence is aso an ethical undertaking. Although claims
have been made about the potential transformative promise of
eHealth for health service delivery [2], more patient-centerd
care and complex changes to patient-HCP relationships [51],
we have disarmingly little dataon itsimpact in terms of potential
benefitsand harms and if access gaps equal agap in health care
and self-management support. This situation raises profound
ethical issues, which we will examine.
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Abstract

Background: Type 2 diabetes mellitus (T2D) is a common age-related disease, and is a major health concern, particularly in
developed countries where the population is aging, including Europe. The multi-scale immune system simulator for the onset of
type 2 diabetes (MISSION-T2D) is a European Union-funded project that aims to develop and validate an integrated, multilevel,
and patient-specific model, incorporating genetic, metabolic, and nutritional data for the simulation and prediction of metabolic
and inflammatory processes in the onset and progression of T2D. The project will ultimately provide atool for diagnosis and
clinical decision making that can estimate therisk of developing T2D and predict its progression in response to possible therapies.
Recent data showed that T2D and its complications, specifically in the heart, kidney, retina, and feet, should be considered a
systemic disease that is sustained by a pervasive, metabolically-driven state of inflammation. Accordingly, there is an urgent
need (1) to understand the complex mechanisms underpinning the onset of this disease, and (2) to identify early patient-specific
diagnostic parameters and related inflammatory indicators.

Objective: We aim to accomplish this mission by setting up a multi-scale model to study the systemic interactions of the
biological mechanismsinvolved in response to a variety of nutritional and metabolic stimuli and stressors.

Methods: Specifically, we will be studying the biological mechanisms of immunological/inflammatory processes, energy
intake/expenditure ratio, and cell cycle rate. The overall architecture of the model will exploit an aready established immune
system simulator aswell as several discrete and continuous mathematical methods for modeling of the processes critically involved
in the onset and progression of T2D. We aim to validate the predictions of our models using actual biological and clinical data.

Results: Thisstudy wasinitiated in March 2013 and is expected to be completed by February 2016.
Conclusions: MISSION-T2D aims to pave the way for trandating validated multilevel immune-metabolic models into the
clinical setting of T2D. This approach will eventually generate predictive biomarkers for this disease from the integration of

clinical datawith metabolic, nutritional, immune/inflammatory, genetic, and gut microbiota profiles. Eventually, it should prove
possible to trand ate these into cost-effective and mobile-based diagnostic tools.
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Introduction

Background

Type 2 diabetes mellitus (T2D) is a metabolic disorder of late
adulthood and old age, characterized by a decrease in glucose
uptake from the blood, resulting in hyperglycemia (high blood
sugar levels). In someindividuas, thisleads to a physiological
condition referred to as “insulin resistance” in which the
hormoneinsulin becomes|ess effective at lowering blood sugar.
Insulin resistance can lead to insufficient production of insulin
by the pancreatic 3-cells and to the clinical condition known as
T2D. Both insulin resistance and T2D are associated with
obesity, aging, and inactivity [1].

The prevalence of diabetes, and particularly type 2, hasincreased
markedly over the last 50 yearsin parallel with increasing rates
of physical inactivity and obesity. Type 2 diabetes now accounts
for about 90% of total cases of diabetesworldwide. Asof 2010,
there are approximately 285 million people in the world who
arediagnosed with T2D compared to around 30 millionin 1985
[1]. The figures within the European Union (EU) are equally
stark: the World Health Organization states that more than 50
million European citizens are currently affected [2]. The
epidemic growth of obesity in Europe, itsaging popul ation, and
the often sedentary lifestyle of its citizens have led to an
explosion in theincidence of T2D. Based on the assumptionin
this report that approximately 50% of affected people are
unaware of their disease, it can be estimated that approximately
60 million people in Europe are likely to be affected by T2D.

Anemerging view attributesthe main driving forces of diabetes
development to chronic energy overload from excess of
nutrition, metabolic imbalance, reduction of metabolic
flexibility, and inflammation. The role of a pervasive and
multi-systemic state of inflammation triggered by the immune
system, is aso endorsed by 17 clinical trials of therapies that
use anti-inflammatory approaches to treat T2D or prediabetic
states. Several of these have already reached conclusive results,
confirming therole of inflammation in the pathogenesisof T2D

(1.

The contributions of mechanisms at the molecular, tissue, and
organ levelsto the physiological processesthat |ead from obesity
to insulin resistance to the full-blown disease are intertwined
in acomplex and strongly patient-specific manner, suggesting
that T2D must be considered from a personalized and systemic
medi cine perspective. The multi-scal eimmune system simul ator
for the onset of type 2 diabetes (MISSION-T2D) aimsto develop
personalized diagnostic markers based on the systems view.

In this complex scenario, there is an urgent need for efficient
predictive approaches and models, capable of identifying a set
of biological characteristics suitable for large-scale,
cost-effective screening campaigns that aim to (1) drastically
reduce the number of undiagnosed cases; (2) detect T2D at very

http://www.researchprotocols.org/2013/2/e44/

early stages, at which point the disease appears to be till
reversible; and (3) stratify cases in order to predict and, if
possible, counteract T2D complications before they start
exerting their detrimental effects. Thus, the identification of
such a set of metabolic and inflammatory characteristics (ie,
model-generated biomarkers and agorithms) and the
implementation of their detection on user-friendly, cost-effective
devices that can be used by primary care physicians or the
patients themselves are the major goals of MISSION-T2D.

From a technical point of view, this study will implement a
process workflow to simulate the metabolic and immune
responses of tissues, particul arly adipose tissues and pancreatic
islets, to nutrition intake and metabolic alterations. This model
will take into account patient-specificity through parameters
derived from metabolic flexibility profiles, lifestyle parameters,
nutritional habits and genetic signatures. The integrated
modeling platform resulting from the above process will be the
basis for a user-friendly diagnostic tool, ultimately developing
amobile app for Android, iOS, or Windows Mobile to be used
by physicians for patient-specific intervention, which we will
call the “physician assistant”, and will be known as * personal
coach” by patients to monitor their metabolic health status.

This project is supported by the Virtual Physiological Human
(VPH) initiative, which is an EU Framework Seven funded
program that aims to develop a framework of computational
bi omedi cine methods and technol ogiesto investigate the human
body asawhole[3].

Type 2 Diabetes as a Systemic I nflammatory Disease

Different interlinked mechanisms participate in the onset of
T2D, with pancreatic dysfunction asthemajor cause. In response
to the development of insulin resistance, the specialized cells
that are devoted to insulin production (ie, the B-cells in the
pancreaticidlets) react by increasing their cell mass and amount
of insulin secretion (see Figure 1). However, when thefunctional
expansion of idet 3-cells fails to compensate for the degree of
insulin resistance, insulin deficiency and ultimately T2D may
develop. Thus, the onset and progression of T2D are determined
by the progressive failure of B-cellsto produce sufficient levels
of insulin [4,5].

Many insulin-resistant individuals do not become diabetic since
their B-cells are able to compensate for the increased demand
for insulin. Only about one-third of al people with insulin
resistance will develop chronic hyperglycemia and eventually
T2D. Progression to disease development involves excessive
calorieintake, chronic energy overload, imbal ance of metabolic
pathways, impairment of metabolic flexibility, and related
immune dysfunction. Metabolic flexibility is defined as the
capacity to utilize diverse metabolic pathways for the uptake
and storage of tissue energy from lipids and carbohydrates.
Metabolic flexibility is lost in obese and diabetic individuals
[6,7]. Obesity is thought to be among the primary causes of
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T2D, although genetic and epigenetic factors are likely to play
an important role.

It has been suggested that a number of possible stress
mechanisms (referred to here as “stressors’) lead to insulin
resistance and 3-cell dysfunction, and play a part with themin
the development of the full complex T2D phenotype. These
include oxidative stress, endoplasmic reticulum  stress,
deposition of amyloid (ie, insoluble fibrous proteins) in the
pancreas, and deposition of ectopic lipid in the muscle, liver,
and pancreas [8,9].

All of these stressors can be caused by overnutrition, although
it has been difficult to determine which mechanisms are the
most important in each tissue, or how much they differ between
individuals with T2D. However, it is noteworthy that each of
these cellular stressors is thought either to induce an
inflammatory response by itself or to be exacerbated by or
associated with inflammation [10,11]. Inflammation is a
complex, systemic, multi-scale physiological process that is
necessary to cope with damaging agents and isfundamental for
survival, involving a variety of cells, organs, and systems. The
complexity of the inflammatory process escapes reductionist
and linear approaches, since it is characterized by
nonproportional kinetics as well as by numerous and nested
feedback loops[12]. Ultimately, T2D can be conceptualized as
being derived from achronic inflammatory statethat isinitiated
by an excess of nutrients and referred to as metabolic
inflammation or metaflammation (see Figure 1).
Proof-of-concept clinical studieshave demonstrated the potential
use of an anti-inflammatory moleculein T2D therapy [13].

The long-term consegquences of T2D for most patients are
severe. These include both macrovascular complications,
including atherosclerosis, cardiovascular diseases, and
amputations; and microvascular complications, including
retinopathy, nephropathy, and neuropathy.

A number of possible stress mechanisms that are linked to
inflammation and have been hypothesized to explain insulin
resistance and 3-cell dysfunction have already been mentioned.
Metaflammation (ie, metabolic inflammation) isthe most recent
conceptualization in the field of metabolic diseases such as
obesity and T2D [14], suggests that the hallmark of these
pathologies is a chronic, sterile inflammatory state that is
initiated by an excess of nutrients. This, and excessive levels
of glucose and free fatty acids (FFAS), stresses the pancreatic
idets, and therefore the 3-cells and insulin-sensitive tissues such
as adipose tissue, liver, and muscle, leading to the local
production and rel ease of immuneinflammatory mediators such
as cytokines and chemokines[1].

The immune system plays a pivotal role in the outbreak of the
inflanmatory state. Activated immune cells such as
macrophages and T-cells invade adipose tissue, which is the
site where these inflammatory alterations were first described
and have been most studied. Consequently, the adipose tissue
aters in response to this inflammation, triggering specific
cellular programs that activate multiple signaling networks
resulting in the production of a variety of inflammatory
compounds. Furthermore, the activation of inflammatory
pathways such as nuclear factor kB (NF-kB), protein kinase
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RNA-activated (PKR) and c-Jun N-terminal kinases (JINKSs)
pathways also occurs in liver cells, and muscles are deeply
influenced by peripheral inflammation.

To summarize, metaflammation is metabolic, moderate, and
characterized by local expression of inflammatory mediators.
These are induced by stress-sensing cellular mechanisms
originated through signaling pathways involving the inhibitor
of kKB kinases (IKKs) and JNK kinases, and a range of other
signaling molecules that have been collectively termed the
“inflammasome”. This peculiar type of inflammation, unlike
the classicinflammatory paradigm, isassociated with areduced
metabolic rate, activates specialized immune cells, and creates
amodified milieu in which an altered composition of immune
cells favors a proinflammatory tissue environment that is
maintained without apparent resolution (see Figure 1).

There is a second inflammatory component that must be
considered: the interaction between the inflammatory process
and aging. Theaging processitself isaccompanied by achronic
low-grade inflammation, which has been termed
“inflammaging”, aterm derived from inflammation and aging.
Asit is known that insulin resistance and T2D are associated
with aging, it islikely that the combination of metabolic-driven
and age-driven inflammatory pathways plays a pivotal rolein
T2D pathogenesis.

Metaflammation hasinhibitory effects oninsulin action through
inflammatory kinases (eg, JNK, IKK, and PKR) in metabolic
tissues (eg, adipocytes) and disrupts nutrients and energy
metabolism (see Figure 1, right). Metaflammation is aso
characterized by the activation of the classical pathogen-sensing
or immune response pathways by stimulation of the toll-like
receptors (TLR) as a result of an excess of nutrients [12] (see
Figure 2). This observation suggests that aging-related and
metabolic inflammation (inflammaging and metaflammation)
can share stimuli and pathogenic mechanisms.

Inthis context, it isimportant to note that inflammatory stimuli
derived from intestinal bacterial flora (gut microbiota) can make
a substantial contribution to inflammaging as well as to
metaflammation and obesity. Several studies on animals and
humans have shown that populations of gut microbiota differ
significantly between average-weight and obese individuals
[15]. Moreover, arecent study has shown that the composition
of the gut microbitota alters with age, and that there is a
correlation between age-related changes in micobiota and
increased levels of inflammatory cytokines such as interleukin
6 (IL-6) and interleukin 8 (IL-8) in the plasma[16,17].

Another factor that plays a non-trivial role in maintaining
metabolic balance is physical activity. Epidemiological studies
suggest that physically active individuals have a 30-50% lower
risk of developing type 2 diabetes. Physical activity, measured
in terms of exercise intensity (eg, the number of steps walked,
kilocalories burned per minute, or metabolic equivalent units)
impactsthe regulation of body weight, body massindex, insulin
resistance and sensitivity, glycemic control, atherogenic
dydlipidemia, and inflammation [18].

Taken as awhole, most of the mechanisms that underpin these
complex interactions and circuits are still poorly understood.
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An integrated modeling approach such as that proposed inthis  complexity of the pathological conditions that lead to T2D.
project is thus necessary to grasp, as well as to model, the

Figure 1. Left: Excessive levels of nutrients, including glucose and free fatty acids, stress the pancreatic islets and insulin-sensitive tissues such as
adipose tissue, leading to the local production and release of cytokines and chemokines (eg, IL-13, TNF, CCL2, CCL3, and CXCL8). Furthermore,
production of IL-1 receptor antagonist (IL-1RA) by -cellsisdecreased. Asaresult, immune cellswill berecruited, which contribute to tissueinflammation
[14]. Right: Hallmarks of metaflammation. The first feature of this type of inflammation in obese individuals is that it originates from signals within
metabolic cells such as adipocytes. Second, the metabolic signals trigger inflammatory intracellular signaling pathways that mediate downstream
inflammatory responses (eg, JNK, IKK, or PKR pathways). The activation of these mediators induces alow level of chronic inflammation in response
to the excess nutrients. Over time, this may induce the recruitment and activation of specialized immune cells[1].
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Methods

A Multi-Scale Model for T2D (Concepts and
Architecture of MISSION-T2D)

In this study, we intend to take a practical approach towards
addressing the typical situation in which a person presents
her/himself to the general practitioner with one or more signs
of the onset of insulin resistance or diabetes, such as high waist
circumference, elevated sugar blood levels (obtained through
the fasting plasma glucose test), and/or elevated plasma
triglycerides. The doctor will then need to ask what the best
treatment schemafor the particular personis (ie, which treatment
will lead to the best results, with the fewest side effects, and in
the shortest time). This might be a proposed lifestyle
intervention, a drug treatment, or both. The optimum solution
differs from patient to patient; therefore, in order to solve this
problem the doctor will need to ook at the patient’s individual
condition and perform a diagnosis from a systems perspective.
Adopting the systems view acknowledgesthat any local change
in aphysiological system affected by an intervention will have
repercussions on other parts of the system. For example, if a
certain intervention merely blocks lipid accumulation in the
liver, the lipid will start to accumulate and perhaps cause
problems elsewhere, such as the heart muscle.

The picture is further complicated by patient-specific genetic,
metabolic, and lifestyle traits that promote the stress-induced
production of inflammatory mediators such as IL-1R, TNF,
chemokine (C-C motif) ligand 2 (CCL2), CCL3, and (C-X-C
motif) ligand 8 (CXCL8). These inflammatory mediators will
trigger the innate immune system, finally leading to a chronic
low-grade inflammatory state (ie, tissue inflammation). This
inflammation will lead to reduced insulin signaling (ie, insulin
resistance in tissues and organs). The resulting need for
increased insulin production will put pancreatic 3-cells under
increasing chronic stress, which will induce a specific
inflammation stateimpairing insulin production from pancreatic
3-cell idlets. Finaly, this will lead to more severe metabolic
disturbances and to chronic hyperglycemia as a precursor of
T2D.

In each case, the decision about which interventionsto perform
must take into account the effects that will arise due to
i nteracti ons between different organs and processesin the bodly.
To enable this, the diagnosis must take into account the actual
level of flexibility of these same processes and organs, (ie, their
capacity to cope with metabolic and inflammatory challenges).
Thus, on the one hand, adiagnostic tool must be able to predict
which processesarein fact at risk of reaching thelimits of their
capacity. On the other hand, it must predict which intervention(s)
will be necessary to shift the metabolic/inflammatory demands
in that individual to processes and organs that still have
sufficient capacity, while at the same time reducing the overall
metabolic/inflammatory load on the system.

The left panel of Figure 3 describes the relationships between
different conceptsthat wewill be consideringin MISSION-T2D.
The model inputs that take patient specificity into account are
underlined in the diagram. These inputs include genetic traits
(eg, variants of genes such as the immune cell receptor-coding
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gene CD44 and SPP1 (secreted phosphoprotein 1) [19], nutrition
habits (eg, markers of glucose and free fatty acid intake),
lifestyle habits (eg, physical activity), age, and genetic sampling
of the gut microflora (measured by ahuman intestinal trait chip
or HITchip).

At present, many types of data that are known or of potential
relevance to this project are available in clinical or research
settings. These include genomics, transcriptomics,
metabolomics, proteomics, epigenetics data, and miRNAS, as
well as variables derived from more classical physiology and
clinical chemistry, and also from medical imaging. Relevant
parameters that can be determined by imaging include the
thickness of the inner layers of the arterial wall. The important
guestion to answer is how these data can best be used to model
different biological processes that relate to an individual’s risk
of developing type 2 diabetes, and then to select among the
relevant variables the most suitable for implementation in
cost-effective diagnostic or personalized digital coaching tools.

We understand that a wide variety of measured variables are
involved in many different biological processes that are
integrated on different scales of time and space (ie, from
molecular to cells, tissues, organs, and the whole body). A
practical solution to deal with the high number of factors
involved and the complexity of interactions between the
inflammatory and metabolic processes in several organs, and
across many orders of magnitude of space and time scales,
involves the integration of interconnected models at different
aggregation levels of biological processes, roughly
corresponding to these different spatial and temporal scales
[20].

In this study we will therefore apply a novel multi-scale
computational approach to model inflammation in type 2
diabetes. We will develop a composite simulation system
embracing four levels of mathematical descriptions covering:
(2) the intra-cellular metabolic and gene expression level, (2)
the cellular level involving the dynamics of theimmune system
cells, (3) the organ level, and (4) the disease process within the
whole body. Different mathematical and computational models
will map aspects of physiology and pathology that are
represented at each of these levels. The outputs of each model
will directly feed the variables and/or the parameters of the next
aggregated model sothat it will be eventually possibleto merge
them all into a single workflow or multi-scale integrated
simulation system (see Figure 5).

The modelsto be developed using MISSION-T2D will involve
the following scales: First, the microscopic intracellular scale,
or the molecular level, which links to cellular genome-scale
networks (ie, the highest level of process detail). This type of
modeling typically involves top-down statistical analyses of
-omics responses to external stimuli which can be used to
determine the subset of pathways and/or network modul es that
specifically respond to factors of interest and presel ect them for
bottom-up mechanistic modeling. Molecular scale models to
be devel oped within MISSION-T2D will describe the cellular
metabolism of [3-cells and macrophages and the transduction
of nutrient components to stimulate the immune system and
lead to the inflammatory state, focusing on gut-rel ated processes
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and the onset of stress-induced inflammation. Second, the
mesoscopic intercellular scale, or the tissue/plasmalevel, which
linksto the dynamics of tissue/organ-aggregated metabolic and
inflammatory processes and plasma markers. These markers
change on time scales that range roughly from minutesto days,
and the data to calibrate models at thislevel are typically taken
from challenge tests. Models to be devel oped at this level will
involve the dynamic effects of nutrients on theimmune system,
and specifically the €elicitation of a nonspecific inflammatory
state leading to a full-blown activation of the adaptive (ie,
specific) immune system response. Third, the macroscopic scale,
or the organ level, which refers to the main organs affected by
T2D, such as the gut and the adipose tissue. Processes to be
modeled at this level will involve the triggering of the immune
system, and specifically how different types of immune cells
(eg, lymphocytes) and organs (eg, lymph nodes) communicate
to start the immune-specific response. Data to calibrate models
at this level are typicaly taken from diet/lifestyle/drug
intervention studies. In this case the inter-organ process balance
level will link the descriptors of integrated and aggregated
effects of the nutrient-stimulated inflammation processes that
have been defined at the mesoscopic scale roughly on atime
scale of daysto months. Finally, thewhole body disease process
level, which links to disease risk. Models developed on this
scalewill integrate and aggregate the disease-mediating effects
of the variables measured or modeled at the macroscopic scale,
typically on the multi-year time scale. Data to calibrate these

Cadtiglione et al

modelsare typically taken from cohort studies. We will analyze
the effect of model-predicted lifestyle interventions on
parameters at the macroscopic scale, including physical activity,
and will combine them with established clinical methods of
T2D risk assessment. Therefore, we will be able to validate the
predictions of our integrated model and propose new predictive
reporter variables that can be applied to give feedback on T2D
risk status, in both clinical and personal settings.

The novelty of our approach lies in the integration of various
sources of biological data, and processing them by using
mathematical and simulation tools, similar to the way nutrition
and lifestyle habits are “processed” by the human body. The
result of this processing isaphysiological condition that canin
certain cases become pathological. The approach is systemic,
as we will include various levels of description. The final
outcome of theintegrated modeling platform will cover different
space-time scales involved in the complex process of the T2D
onset and progression (Figure 4), from the molecular event
(milliseconds) up to organ deterioration (years), taking into
account the contribution of geneticsto nutritional habits.

Thisgeneregulatory network model will betaken from literature
[21] (see Figure 6 for comparison) and simulated as a Boolean
(generegulatory) network using the described techniques[22].
The macroscopic scalewill then be represented by macroscopic
observables such as the number of infiltrated macrophages in
adipose tissue or the overall levels of insulin.

Figure 3. Left: Relationships between the concepts to be modeled in MISSION-T2D: Each aspect will be taken into account either through empirical
data or via modeling, with submodels built up into asingle integrated model. Thiswill take asinput information from genetics, nutrition, age, physical
activity habits, and gut microbiota to elaborate a patient-specific risk assessment for the onset of T2D. Right: The pulsatile inflammatory response
during feeding, showing differences between the responses of normal and obeseindividuals' reactions over time: Fasting/feeding cyclesinduce low-level
inflammatory responsesin the metabolic cells of average-weight, healthy individuals that are easily resolved. During the high-fat diet or excess feeding
that results in obesity, responses to food become more intense and frequent, and the resolution of the inflammatory response becomes less efficient,
raising the baseline level of inflammation in metabolic tissues. Once the level of inflammatory response reaches a certain threshold in the metabolic
cells, professional immune cells are recruited and activated. The participation of these cellsin the inflammatory response alters the tissue environment
toward a proinflammatory milieu and exacerbates the inflammation even further [14].
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Figure4. T2D isacomplex disease and its onset and progression cover different space-time scales, from molecular events (milliseconds) up to organ
deterioration (years), taking into account the contribution of the individual genetic traits. MISSION-T2D project aims to cover and integrate models at
all these levels, fully supporting the VPH initiative that aims to develop a computational framework to investigate the human body as awholein heath

and disease [2].
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Figure 5. A simplified systemic view of the models to be developed within MISSION-T2D and the interdependencies between them. Input-output
relationships among modules of these models are depicted. Feedback (eg, IL-6 from the immune system to the stress-induced model) is not shown for

simplicity.
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The Integrated Scientific and Technological Platform
of MISSION-T2D

Theam of MISSION-T2D isto be ableto validatein silico the
potential approach of targeting inflammatory mediators as a
treatment for T2D, and to support a causative role for
inflammation in the pathogenesis of theillnessusing quantitative
data

The integrated modeling platform to be developed using
MISSION-T2D will offer an opportunity to qualitatively and
guantitatively model the effect of different treatments and
clinical approaches on various systemic features of the disease
simultaneously. These will include defective insulin secretion
by B-cells, insulin resistance in adipose tissue, metabolic
parameters, and vascular complications among others. We will
model the effects of using anti-inflammatory drugs, either alone
or incombination, and will modify individuals' nutritional habits
and other behavior such as physical activity, and will evaluate
in silico the capahility of each single factor to alter the course
of the disease.

MISSION-T2D is an integrated model which will alow users
to assess the efficacy of anti-inflammatory approaches for
improving glycaemia and |essening the complications of T2D,
and the durahility of their effect. Theintegrated model platform
that we plan to develop will also be ableto giveinsight into the
best therapeutic modalities, including whether life-long
treatment or short-term interventions are better at breaking
inflammatory flares. The model will provide quantitative data
about anti-inflammatory strategies that target the underlying
mechanisms of the disease, aiming to provideclinical guidance
on how and when to start specific therapiesin order to prevent
the progression of early disease, or to impinge on the overt
manifestation of the disease. These models will also provide
indications for various immunomodulation strategies in T2D,
including whether they will be well-tolerated, which side effects
will occur and which drawbacks of immunosuppression will be
present.

This approach, once validated, will provide a valuable tool for
the physician in the diagnostics and treatment of this disease.
Furthermore, our models will provide emotionally engaging,
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real-time, personalized, nutritional, and behavioral guidance as
well as health tracking for individual patients (see Figure 7).

The definition of model structures at different levelswill ensure
that the models that are to be created or adapted from other
published scenarios will be interpretable; and therefore,
quantifiable at each individual level since the number of model
variables at each level will remain limited. The coherence
between models at different time scales (ie, strictly linking
outputs at a given level with variables at the next higher level)
will lead to atrue systems model that is able to effectively span
the different space and time scales involved. The overall
architecture will translate input information (eg, derived from
challenge tests, activity measurements, and baseline plasma
analyses) onto the physical condition of apatient, lifestyle, and
nutrition habits, and provide information that can be used for
practical diagnostic and/or predictive purposes at a personalized
level.

Therefore, the systems approach will effectively enable us to
build disease risk prediction models by linking diabetes
development (at the whole body level) to
metaflammation-induced variation in insulin resistance on a
time scale of weeks or months (at the macroscopic level), to
dynamic processes in inflammation and metabolism at a time
scale of hours or days (at the mesoscopic level), and to
molecular details (at the microscopic level).

Thisintegrated model will allow the simulation of lifestyle and
nutrition habits of individual patients with specific genetic and
metabolic characteristics for prolonged periods of time, thus
effectively forecasting their risk of developing full-blown T2D.
In other words, it will take asitsinput the cycles of fasting and
feeding that induce the low-level inflammatory responses in
metabolic cells that are easily resolved in average-weight and
healthy individuas, however, it induces a less efficient
resolution of the inflammatory response. in obese individuals
with excessive or high-fat diets. This raises the baseline of
inflammation in metabolic tissues and once the level of
inflammatory response in the metabolic cells reaches a certain
threshold, professional immune cellsare recruited and activated,
exacerbating the inflammation even further potentially leading
to overt disease [14].
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Figure 7. Sensor technology and the use of portable communication devices offer the possibility of storing and accessing data from our daily life to
improve self-knowledge. Insights gained by performing these measurements can be used, for example, to changelife-threatening habits, adopt a healthier

lifestyle, or take more informed treatment decisions.
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Results

This study was initiated in March 2013 and is expected to be
completed by February 2016.

Discussion

The am of MISSION-T2D is to construct a predictive
computer-based simulation tool for the development of type 2
diabetes. Thistool will have three characteristics. First, it will
be patient-specific. We will use clinical data (eg, blood sample
parameters, age), genetic traits (eg, variants of immune specific
genes such as CD44 and SPP1), nutrition habits (eg, glucose
and freefatty acid intake), lifestyle habits (eg, physical activity)
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and a gut microbiota genetic sampling (measured through eg,
HITchip) to build a patient-specific profile to be used as to set
up the parameters and initia conditions of the integrated
simulator. Second, it will be predictive. Theintegrated workflow
will elaborate on the patient-specific parameters and perform a
risk assessment for the onset of T2D intheindividual concerned.
Third, it will integrate medical, biological, and environmental
data. The modelswill integrate environmental factors (nutrition
and lifestyle habits) with medical (clinical tests results) and
biological factors (pertinent genetic traits and gut microbiota),
enabling the development of a predictive model for
understanding the pathogenesis and the progression of type 2
diabetes. Moreover, the simulations will alow users to
investigate the influence of other health factors such asage and
physical exercise with the onset and evolution of the disease.
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JNKs: ¢-Jun N-terminal kinases

MISSION-T2D: The multi-scale immune system simulator for the onset of type 2 diabetes
NF- KB: nuclear factor kappa-light-chain-enhancer of activated B cells
PKR: protein kinase RNA-activated

T2D: Type 2 diabetes mellitus
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Abstract

Background: Prior to the implementation of a new model of care in long-term care facilities in the Capital District Health
Authority, Halifax, Nova Scotia, residents entering long-term care were responsible for finding their own family physician. As
aresult, care was provided by many family physicians responsible for afew residents leading to care coordination and continuity
challenges. In 2009, Capital District Health Authority (CDHA) implemented a new model of long-term care called “Care by
Design” whichincludes: adedicated family physician per floor, 24/7 on-call physician coverage, implementation of a standardized
geriatric assessment tool, and an interdisciplinary team approach to care. In addition, anew Emergency Health Services program
was implemented shortly after, in which specially trained paramedics dedicated to long-term care responses are able to address
urgent care needs. These changes were implemented to improve primary and emergency care for vulnerable residents. Here we
describe a comprehensive mixed methods research study designed to assess the impact of these programs on care delivery and
resident outcomes. The results of this research will be important to guide primary care policy for long-term care.

Objective: We aim to evaluate the impact of introducing a new model of adedicated primary care physician and team approach
to long-term care facilities in the CDHA using a mixed methods approach. As a mixed methods study, the quantitative and
qualitative data findingswill inform each other. Quantitatively we will measure anumber of indicators of carein CDHA long-term
carefacilities pre and post-implementation of the new model. In the qualitative phase of the study we will explore the experience
under the new model from the perspectives of stakeholders including family doctors, nurses, administration and staff as well as
residents and family members. The proposed mixed method study seeks to evaluate and make policy recommendations related
to primary carein long-term care facilities with a focus on end-of-life care and dementia.

Methods: This is a mixed methods study with concurrent quantitative and qualitative phases. In the quantitative phase, a
retrospective time series study is being conducted. Planned analyses will measure indicators of clinical, system, and health
outcomes across three time periods and assess the effect of Care by Design as a whole and its component parts. The qualitative
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methods explore the experiences of stakeholders (ie, physicians, nurses, paramedics, care assistants, administrators, residents,
and family members) through focus groups and in depth individual interviews.

Results. Data collection will be completed in fall 2013.
Conclusions: This study will generate a considerable amount of outcome data with applications for care providers, health care
systems, and applications for program evaluation and quality improvement. Using the mixed methods design, this study will

provide important results for stakeholders, as well as other health systems considering similar programs. In addition, this study
will advance methods used to research new multifaceted interdisciplinary health delivery models using multiple and varied data

sources and contribute to the discussion on evidence based health policy and program devel opment.

(JMIR Res Protoc 2013;2(2):e56) doi:10.2196/resprot.2915

KEYWORDS

mixed methods; framework analysis; primary care; long-term care

Introduction

Background

Until recently, peopleliving in long term care facilities (LTCF)
inthe Capital District Health Authority (CDHA), Halifax, Nova
Scotia, wereresponsiblefor finding their own family physician
for primary care. Residents moving into LTCF could keep their
existing family physician if the physician waswilling and able
to provide carein the LTCF. Otherwise, the resident had to find
alocal family physician who would agree to provide care prior
to admission; often leading to admission delays. With many
different family physicians providing care to a small number
of residents in each facility, challenges arose with access to
care, team communication, care planning, and coverage in
emergency situations. Numerous studies have demonstrated
that uncoordinated models of primary care in LTCF are less
effective than those that are well-coordinated, which can result
inlimited accessto proper primary care, and lead to suboptimal
outcomes for elderly residents, particularly for end-of-life care
[1-6].

In 2006, the Primary Care of the Elderly (PCOE) project was
conducted to examine long-term care in CDHA. The PCOE
project included aformal and grey literature review to identify
potential modelsfor providing primary careto the elderly, focus
groups with nurse practitioners, family physicians, directors of
care from continuing care facilities, staff of continuing care
facilities, family members of frail elderly people, geriatricians,
peer discussions, and aretrospective datareview that were used
to develop a new model of care called “Care by Design” [7].
Details of the PCOE project and findings can be found in their
final report [7]. The project identified several concerns
including: high rates of transfers from LTCF to emergency
departments, even among those with “do not transfer” orders,
lack of consultation with family physicians, and high rates of
polypharmacy (the administration of multiple drugsat the same
time for one or more health conditions) [7].

In January of 2009, the CDHA implemented a new model of
care, known as Care by Design. This model included several
important elements phased in over two years: (1) assigning all
patients on one LTCF floor or wing the same physician and
establishing a clear system of 24 hour on-call physician
coverage; (2) designing measures to evaluate program
performance; (3) implementing a program of standardized

http://www.researchprotocols.org/2013/2/e56/

Comprehensive Geriatric Assessment for every resident using
a tool designed specificaly for the LTCF setting (the
“LTC-CGA” — see Multimedia Appendix 1); and (4) an
interdisciplinary team approach to the primary care (Multimedia
Appendix 8). Specifically, interdisciplinary education has been
an ongoing fluid part of Care by Design, directed by the
co-leadership of the Long-Term Care Medical Advisory
Committee and the District Council of Continuing Care on
program specific elements such as clinical guidelines provided
to each facility to be used along with education for staff on
common conditions (eg, diabetes, hypertension, etc). In addition,
an Extended Care Paramedic (ECP) program was introduced
in collaboration with Emergency Health Services (EHS). The
ECP program features a dedicated team of specially trained (or
“extended care”) paramedics who respond to LTCF cals in
order to address urgent care needs on-siteto the greatest possible
extent, and to aid in the coordination of planned transfers to
hospital when necessary. Each of these elements was designed
to address concernsidentified in the original PCOE report (see
Figure 1).

The quality improvement project, now called the Care by Design
program, wasinitiated by front linefamily doctorswith geriatric
training. There was strong conviction that the change needed
could be accomplished using some local models of care from
the Veteran's LTCF in Halifax, Nova Scotia, and an
international model of care developed in the Netherlands nursing
home medicine programs[8]. Fundswererequested from CDHA
for the PCOE project to define the problems and plan the
intervention. The PCOE report was presented to the Nova Scotia
Department of Health and Wellness, which provided funding
for the first few years and since the program was successful,
CDHA continued to support the program. The impetus for this
quality work for both the Department of Health and Wellness
and CDHA was mostly the high transfer rates of residents to
emergency departments and associated high costswithout clear
clinical or system gains.

This paper outlines the protocol for a comprehensive
inter-sectorial study of the Care by Design and ECP model,
using aconcurrent triangulation mixed methods approach. Care
by Design is a coordinated model of primary and urgent care
in LTCF that isunique in Canada. Itsimplementation provided
anideal opportunity to study thisinitiative by measuring patient
and system outcomes with a quantitative time series design,
along with a concurrent qualitative exploration of the
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experiences of multiple stakeholder groups. Data collection is
to be completed by early fall 2013.

Objectives
This study has three main objectives: (1) to measure the effect
of the new Care by Design model in LTCF and its major

Figure 1. Careby Design elements and dates of implementation.

Marshall et al

components; (2) to understand how key stakeholders experience
the new Care by Design model components; and (3) to
illuminate how the structure and processinfluence the outcomes
for residents and care providers.

Physician
coverage by
floor

(Jan 2009)

Comprehensive
Geriatric
Assessment
(LTC-CGA)
tool

(June 2011)

Methods

Mixed Methods Design

The mixed methods design employs a concurrent triangulation
model [9] giving equal priority to our concurrently collected
qualitative (QUAL) and quantitative (QUAN) data (see Figure
2).

As per the conventions of mixed method notation, QUAN refers
to quantitative methods and QUAL refersto qualitative methods
(Figure 2). The capitalization refers to each method being a
significant contributor, rather than QUAN-qual where the
guantitative methods would take precedence.

This study employed amixed methods approach which included
focus groups, in-depth semi-structured interviews, and an
observational time series study. The mixed methods approach

http://www.researchprotocols.org/2013/2/e56/
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RenderX

Performance
Measurements
to Support
Improvements
(Jan 2010)

lends itself to a more comprehensive inquiry [10] to answer
guestions that one method alone cannot address. For example,
while the quantitative data collection obtains the numbers of
events that took place (ie, number of ambulance transports to
emergency departments, number of visitswith family physicians,
number of medications prescribed, etc), it is the qualitative
methods that delves into the complexity of health, health care,
and the environment in which these events took place, helping
to answer questions about why events occurred and what
relationships exist between events. For the study to be truly
mixed methods, the two approaches must beintegrated [11-13].

Mixed methodsisavaluable approach for this study, asthe data
gathered during the qualitative phase of the study informs the
findings of the quantitative chart review. Similarly, the
guantitative results demonstrate the outcomes related to
perceptions and experiences shared by participants in the
findings of the qualitative data.

JMIR Res Protoc 2013 | vol. 2 | iss. 2 |56 | p.143
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Marshall et &

Figure 2. Concurrent Triangulation Design (adapted from Creswell and Clark 2011).
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Setting

In 2011, the Halifax, Nova Scotia census metropolitan area had
a population of 390,328 people, with 13.1% aged 65 or older
[14]. Itispredicted that by 2036, 30% will be 65 and older, with
10% being over 80 years of age[15]. The CDHA isresponsible
for delivering core hedth services in the Halifax Regional
Municipality. Ten of the twelve Care by Design participating
LTCF located in the CDHA participated in the study. Two
CDHA LTCF were excluded because their model of primary
care differed from Care by Design in important ways which
would make them difficult to compare: oneisateaching facility
and one has a full-time “nursing home physician”.

Quantitative Approach

Overview

The retrospective chart abstraction dataare being collected from
three time periods: time period 1: September 1, 2008-February
28, 2009 (before Care by Design or ECP programs in place);
time period 2: September 1, 2010-January 31, 2011 (after Care
by Design program implemented, before ECP program started.
Theoriginal intent wasto collect comparable six months of data
from September 1, 2010 to February 28, 2011; however, due

http://www.researchprotocols.org/2013/2/e56/

RenderX

to early ECP training there was too much overlap in services
for the month of February 2011); and time period 3: September
1, 2011-February 29, 2012 (after both Care by Design and ECP
programs started; see Multimedia Appendix 2).

These time periods were chosen to reflect the implementation
of different components of the new model of care, and to include
the same monthsin each year in order to minimize confounding
by seasonality (eg, transfer rates were expected to climb during
influenza season each year). Data will be obtained using chart
abstraction from three sources: LTCF charts, EHS records, and
hospital emergency department and acute care charts.

Chart Abstraction Tool Development

The starting point of our chart abstraction tool development is
the PCOE project that examined theissue of LTCF to emergency
department transfer in CDHA. As part of the PCOE project, a
literature review was conducted and a paper chart abstraction
tool with numerous indicators was developed and used. Our
study team reviewed the PCOE tools, and revised them based
on our newly developed objectives and research questions (see
Table 1). The revised indicators were included in an Access
database created for ease of data entry (Multimedia Appendix
9).
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Table 1. Research questions.

Research questions

Quantitative: What changesin health care outcomes are observed pre/post implementation of the new Care by Design model in LTCF?

Isthere areduction in ambulance transfers to hospital with the new model of care?

Isthere areduction in the transfer of “comfort care” residents (for whom transfer to acute careis explicitly not part of the established goals
of care) to hospital with the new model?

Isthere areduction in the rates of polypharmacy?

Isthere areduction in falls with the new model of care?

|s there improvement in wound care protocol adherence with new model of care?
Do we seeincreased care team communication recorded in charts?

Do we see areduction in the number of attempts to contact family physicians to attend critical incidents with the new model?

Qualitative: How do family doctors, nur sepractitioners, registered nurses(RN), licensed practical nurses(L PN), continuing careassistants/per-
sonal careworkers (CCA/PCW), administration and staff, ECP, and residents/families experience the new Care by Design model?

What challenges exist under the new model?
How do the various stakehol ders define the team? What would their ideal care team comprise and how would it function?

How does the model affect end-of-life care? (ie, Do families know who to talk to about end-of-life questions and planning? Are “comfort
care’ requests known and followed?)

Knowledge Translation: How well-implemented and useful isthe LTC-CGA as a knowledge translation tool?

Process goal. To study the implementation of the LTC-CGA tool as follows:

What is the experience and perceived value of educating primary care physicians and nurses about the importance of the tool and
how to use it? (eg, was training experienced as sufficient and well-implemented?)

What is the uptake of the LTC-CGA (ie, completion rates and completeness of all sections)?
Isthe LTC-CGA acceptable to users?
Isthe new billing code for LTC-CGA completion being used?

Outcome goals:

To test the efficacy of the LTC-CGA (ie, doesits use improve care for older adults who live in LTCF)? Specific elements to be
studied include usefulness in defining goals of care and impact on clinical care (eg, whether it accompanies residents transferred to
emergency department, hospital admissions and inter-facility transfers).

Isthe LTC-CGA useful for end-of-life discussions and planning?

Mixed Methods: How do structure and process influence outcomes for residents and care providers?

Which aspects of the new model are perceived to be attributed to changes observed in the chart review data by different stakeholders?

Do providers, administrators, and residents feel areduction in ambulance transfers to emergency department (if found)? Isit indicative of
better care for residents? Under what parameters would areduction in transfers been experienced asimproved care? What i ssues remain asso-
ciated with ambulance transfers to emergency department under the new model of carein LTCF? (ie, access to physicians, communication,
meeting the wishes and needs of residents, services provided by paramedics).

How do the various stakehol ders experience the projected increase of residents dying in place in the LTCF?

What do stakeholders say about the ease-of -use and helpfulness of the LTC-CGA tool for team communication, care planning, and communi-
cation between providers and residents/family members? How does the completeness of the LTC-CGA reflect and have an impact on the ex-
periences of stakeholders?

How is care team communication found in the chart reviews experienced by stakeholders? Are the experiences of team care approach under
the new model captured in the chart review data?

Outcomes and Data Elements

polypharmacy (prevalence will be defined as 6 or more
medications, awidely accepted definition that is associated with

Outcomes addressing specific research questionsare categorized  increased risk of inappropriate  medication use and

into three key areas: (1) system outcomes; (2) quality of clinical - medication-related harms) [16], fall rates, wound care protocols,
care; and (3) safety outcomes (see Table 2). Primary outcomes  team communication, and provider contact.

includetransports of LTCF residentsto emergency departments,

http://www.researchprotocols.org/2013/2/e56/ JMIR Res Protoc 2013 | vol. 2 | iss. 2 |€56 | p.145

RenderX

(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Marshall et al

Table 2. Key outcome measures and data source.

Category Outcome measure Data source

System Outcomes  Reason for 911 call (ie, breathing, fals, other) LTCF charts

Percentage of patients transported who had no visit from afamily physician in LTCF within 1and LTCF charts
4 weeks prior to transport to emergency department

Number of times family physician attended a team meeting during study time period LTCF charts

Family physician visits to patient 3 months prior to most recent Emergency Health Service call LTCF charts

Number of notesin chart from family physician during time period LTCF charts

Health care profession who made on-site assessment LTCF charts

Any investigations (ie, diagnostic imaging, blood work, other) 7 days prior to Emergency Health  LTCF charts

Service call

LTC-CGA present LTCF charts; Hospital

charts

Percentage of cases where facility was ableto reach the family physician prior to Emergency Health LTCF charts

Service call

Percentage of cases with an onsite assessment by afamily physician prior to Emergency Health LTCF charts

Service call

Number of times Emergency Health Service (ECP and/or emergency paramedics) involved during LTCF charts

time period

Number of patients transported to emergency department by ambulance LTCF charts, EHS
database

Proportion of patients who are transported to emergency department who have advance comfort LTCF charts; EHS

care directive requesting no transfer to hospital/acute care database

Whether LTC-CGA sent with resident to emergency department Hospital charts

If ECPinvolvedin call EHS database

If ECP involved, whether they consulted with EHS physician EHS database

If ECP involved, whether they consulted with family physician EHS database

Length of Emergency Health Service call EHS database

Ambulance offload time in emergency department EHS database; Hospital
charts

Length of stay in emergency department Hospital charts

P_eratlzentage of residents who were transported to emergency department that were admitted to hos- Hospital charts

pit

Length of stay in hospital Hospital charts

Percentage of transferred residents who returned to LTCF upon hospital discharge LTCF charts; Hospital
charts

Clinical and Quality Number of assessments and treatments provided by Emergency Health Service EHS database
of Care Admitting diagnosis Hospital charts

Death rate in hospital Hospital charts

Influenza vaccination rates LTCF charts

Rates of falls LTCF charts

Pressure wound care LTCF charts

Polypharmacy rates LTCF charts

Safety Outcomes Relapse rate back to Emergency Health Service system (number of patients seen by ECP and/or EHS database
paramedics and not transported who had unexpected repeat 911 call made for them within 48 hours
for arelated reason)
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Participants

We will proportionally sample and review a minimum 200 of
the possible 1482 chartsfrom LTCF (approximately 13% of all
charts) during time periods 1 and 3 for whom a call to 911 for
ambulance service was not made. Wewill also review all charts
from hospital/ED transfersfor all threetime periods (estimated
to be approximately 250 per time period). In addition, records
of all hospital transfers during the study period will bereviewed
from both emergency department and acute care charts.

Quantitative Data Collection

Retrospective chart reviews will be conducted by three trained
nurse research assistants on all residents’ charts that had a 911
call from participating LTCF during the three time periods. In
addition, a comparison stratified sample of 100 control LTCF
charts of residents who did not have a 911 call made for them
will be abstracted from time periods 1 and 3. These control
charts are included to determine if any observed changes in
access and coordination of care are the same as those who had
911 calls and will be stratified to be proportional to the size of
the facility.

Data are being abstracted from three sources. LTCF charts,
acute care charts, and an EHS database. Deterministic data
linkage is used to match records from the three sources [17].
The data query beginswith those with an emergency department
transfer from an EHS database, which included records for all
residents at participating LTCF who had a 911 call. The
following data elements are provided for the purpose of linking
EHS data to acute care and LTCF datac Emergency Health
Service call identifier (to link to complete EHS dataset), health
card number, date of service, date of birth, and location of
service. Capital District Health Authority medical records
required health card number, date of service, and date of birth
to identify patient charts. Location of service is being used to
ensure that the call was indeed from a LTCF. The health card
number is the unique identifier to link datasets. If this element
ismissing from any of the data sources, the research associate
will judge records as matching if date of service, date of birth,
and location of service matched. Control charts of resident for
whom 911 was not called will be reviewed as follows: 100
charts for time period 1 and 100 charts for time period 3,
stratified proportionally from the difference LTCF based on
their proportional number of beds.

A random sample of 10% of chartswill bere-abstracted to assess
inter-rater reliability between chart abstractors. LTCF charts
had both paper and electronic format, depending on the LTCF
and time period. All acute care charts existed within an
electronic charting system. All chart abstraction data will be
entered into a Microsoft Access database on a
password-protected laptop computer. Datawill then be entered
into SPSS 20, cleaned, and prepared for analysis.

Planned Quantitative Analysis

Descriptive statistics for outcome measures by time period will
be explored initially for each outcome. Comparison of
proportions and rates between time periods will be conducted.
For example, chi-square analysis will be used to seeif thereis
a change in the proportion of LTCF transports to emergency
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departments between time 1 and time 2. In another analysis,
“number of physician notes in chart” will be turned into a
categorical variable, and rates will be compared between time
periods using chi-square and associated tests of strength of
association (eg, eta). Later, we will explore multivariate
regression models to predict primary outcomes. Types of
regression models, such as continuous, logistic, and hierarchical
modeling will be determined by the covariates chosen, and in
relation to the research question under examination. For
example, to predict LTCF transportsto emergency departments,
a logigtic regression model would be developed using
appropriate independent variables such as number of physician
visits, frailty scores and polypharmacy. Significance is set a
priori at P<.05.

Qualitative Approach

Overview

Qualitative data are collected through focus groups and
individual interviews. Focus group and interview schedules
were developed in consultation with the full research team.
Digital audio recordings are transcribed verbatim and entered
into Atlas.ti software for analysis.

Participants-Qualitative

Focus group and interview participants live, work, or have a
loved one living in a LTCF. They include a variety of key
stakeholders — family physicians, nurse practitioners, RNs,
LPNs, CCA/PCWs, residents, family members, ECP, and LTCF
administrators. Inthefirst stage, 11 focus groupswere held with
arange of 3-10 participants in each focus group, for atotal of
75 key stakeholder focus group participants. One focus group
was held for each of Care by Design physicians, LTCF
administrators, and ECP. A total of 3 focus groups were
conducted with RNsand LPNs, 2 with CCA/PCWSs, and 3 with
residents and/or family members. With an interview schedule
based on preliminary analysis of focus group data, atotal of 40
key stakeholders are participating in in-depth interviews (10
residents and/or family members; 3 administrators; 18 nurses
(RNs & LPNs); 8 CCA/PCWSs; 1 nurse practitioner, and 1
physician decision maker).

Qualitative Data Collection

In the qualitative phase of the study we explore the lived
experience under the new model from the perspectives of key
stakeholders including family physicians, RNs, LPNs, LTCF
administrators, CCA/PCWSs, and ECP, as well as residents and
family members (seefocus group guides Multimedia A ppendices
3-7). The qualitative component sheds light on how the model
is working to meet the needs of providers and residents and
where challenges still remain. Thisincludes: (1) an exploration
of how care teams are defined and experienced from the varied
stakehol der perspectives; (2) whether the LTC-CGA facilitates
better care for LTCF residents; and (3) how the new model
functions in terms of end-of-life planning and communication
between team members and with residents and families. The
qualitative work considers recommendations for improvement
and highlights significant benefits of the new model from the
perspectives of key stakeholders.
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Qualitative Analysis

Transcribed qualitative data is subject to rigorous data quality
checks [18]. Transcriptions are entered into Atlas.ti qualitative
data analysis software [19]. Data will be coded using an
agreed-upon coding scheme developed by the research team.
Thematic analysis, which alows for thematic coding within a
structured framework approach, using open and axial coding to
identify themes and categories as they emerge from the data
will be used. Framework analysis[11, 20] will be conducted of
narrative responses to open-ended questions about primary care
and outcomes in LTCF, the acceptability of the Care by Design
and ECP model, and itsimpact on clinical care.

I nterpretive Lens. Framework Analysis

A framework analysis approach, as described by Ritchie and
Spencer (1994), will be used to describe and detect the
phenomenon of interest [21]. This is a qualitative method of
data analysis that is well-suited to research that has specific
research questions, limited time frame, specific sample, and
predefined issues [22]. It is particularly useful for explanatory
analysisand understanding individual outcomeswithin asystems
perspective [23]. Continually revisiting the question “what are
the participants trying to describe?’ allows the researcher to
code for themes and describe the phenomenon in participants
ownwords. Use of thismethod allowsthe researcher to organize
data while maintaining the original context and observationsin
which the data occurs, and to facilitate a systematic analysis
[23], making it possibleto track the researchers’ interpretations,
thus maintaining transparency and enhancing validity of the
findings [24].

Framework analysis involves a series of five connected but
distinct stages [21,22,25]. Data are sorted, charted, and sifted
in accordance with key issues and themes, relying on the
intuition and creativity of the analyst to see linkages among
them. Thereis sufficient flexibility that analysis can wait until
all data collectioniscomplete, or it can begin part way through
the study. Familiarization (step 1) will begin with becoming
very familiar and comfortable with the data. These will be in
the form of transcripts, written observations, and field notes.
This will alow the analyst to become aware of any recurrent
themesin the data. Devel opment of athematic framework (step
2) would follow. Emerging themes from within the data set
form the basis of the thematic framework and can be used to
sort and manage the data. Early consideration of connections
between responses and relevance of identified issues begins at
this stage. Careful notes of the framework development will be
taken to increase transparency. The framework will be applied
systematically, incorporating new data as it emerges (step 3).
Step 3ispart of indexing, aprocess by which individual pieces
of data are applied to the framework developed in step 2,
allowing for easy accessto the original context in which it was
discovered. Charting (step 4) allows the researcher to build an
understanding of the data as a whole. Data segments or quotes
are arranged systematically in a chart or matrix according to
the appropriate theme. Charts will include headings and
subheadings developed in the thematic framework. The final
stage (step 5), mapping and interpretation, involves analysis of
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key characteristics of the data, including associations between
themes and creation of typologies.

Thetheoretical approach will incorporate Donabedian’s classic
structure, process, outcome framework for assessment of quality
of care asit iswidely applied in health services research field
[26-28]. Thisframework, informed by Donabedian’sframework,
will assist with analysis and interpretation to ensure aspects of
structure, process, and outcomes are assessed and linked [26-28].

Planned and Potential Applications of Study Data

This work will have a wide range of applications for care
providers, health care policy decision-makers, and research. It
will provide analysis of the changes in LTCF health services
and the impact on the healthcare, experience of stakeholders,
quality of care, and possibly LTCF residents’ quality of life. In
addition, it will provide baseline data for improved health care
planning in LTCF in Nova Scotia.

Applicationsfor care providers: this study examinesthe health
care and health outcomes of interdisciplinary care professionals
from RNs, LPNs, CCA/PCWs, family physicians, and
paramedicsin LTCF. Theresultswill inform aspects of the best
practice related to primary care and team role integration.
Resultsfrom this study not only provideinsight into theimpact
of the changes resulting from Care by Design, but also identify
areas for expansion and refinement of the model.

Application for health care system: this study examines the
utilization of health care services and health professionals by
residents in LTCF. Findings from this study will enable
informed health care planning decisions and stimulate reform
of legidation and regulation governing long-term health care
delivery within the province.

Applications for program evaluation of quality improvement:
aswe planfor the health care and residential needs of our aging
population, studies of this nature will beintegral in developing
methodology and findings related to program evaluation and
quality improvement. Thiswill beillustrated by analysis of the
guantitative data at set intervalswhen new componentsto CBD
were added. The data will provide information on the impact
of each change on health services delivery in LTCF. The
qualitative data will provide insight as to the nature of that
impact and may identify areasfor further quality improvement.

Applicationsfor research: thiswork isan example of successful
mixed methods evaluation research incorporating qualitative,
guantitative, and mixed methods research questionsand analytic
techniques which may be useful to future research examining
complex models of care. It provides a method of evaluation to
compare other models of care for LTCF to further develop best
practices. This method of evaluation will allow ongoing
evaluation of future changes in the CBD model to maximize
resource utilization in a cost effective manner.

In today’s hedlth care settings, there is a need to provide
high-level, efficient, and quality care at all levels of a rapidly
changing health care sector. This project will provide an
example of evaluation of complex systems. They can be
evaluated as change is occurring, providing comprehensive
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information of both quantitative and qualitative aspects of the
change.

Discussion

Summary

Using mixed methods design, this study of Care by Design will
add to the literature using methods to evaluate new models of
primary care, and will contribute to the discussion on
evidence-based health policy development, and will provide
direct feedback to Care by Design stakeholders. In the mixed
methods design different sources of time series chart abstraction
data (over three time periods) relating to the implementation of
Care by Design, and qualitative data from focus groups and
interviews are combined for a comprehensive analysis. Led by
aninterdisciplinary research team, this multifaceted study design
allows for examination of long-term care at severa levels

Marshall et &

including system and structural elements, process elements
including team collaboration and coordination, roleintegration,
and care plan development and implementation; as well as
analysis of health care and health status outcomes across LTCF
residents. This study provides insight and recommendations at
all levels of long-term care delivery and assesses the success
and challenges of the components of Care by Design and ECP.

Research Team

The interdisciplinary research team consists of experienced
primary care researchers, a geriatrician-researcher, health
services researchers, and care providers (family physicians,
paramedics, emergency physicians, nurse practitioners, and
nurses), long-term care administrators and residents’ advocate.
There is a strong representation of methodological skills
including mixed methods, qualitative methods (including both
focus groups and interviews), dstatistical analysis, chart

abstraction, and large database analysis experience.
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Abstract

Background: In the recent years, the Internet has been used as a medium to find sexual partners and engage in risky sexual
behavior. This has changed the way in which men having have sex with men (MSM) seek sexual partners and has increased the
number of high-risk sexual encounters. Therefore, developers of human immunodeficiency virus (HIV)-prevention interventions
have also started using the Internet as a viable medium to promote safe sexual behaviors. However, much of the efforts thus far
have been aimed at HIV-negative rather than HIV-positive MSM. HIV-positive individuals continue to engage in risky sexual
behaviors and thus constitute an important group in which HIV prevention strategies need to be addressed. Therefore, HIV
prevention in HIV-positive MSM is a critical issue.

Objective:  Condom-Him, an Internet-based intervention tailored to increase condom use among HIV-positive MSM, was
developed with the aim of improving condom use, self-efficacy, and intentions to use condoms among these individuals. The
acceptability and feasibility of this Internet-based intervention will be examined in a pilot study.

Methods: We will perform arandomized controlled parallel-group superiority trial. HIV-positive MSM who currently engage
in unprotected anal sex will be recruited for the study. Participants will be randomly assigned using a one-to-one alocation ratio
generated by the computer program. The researchers will be blinded to participant’s group assignment. Participants will be
assigned either to use the Condom-Him intervention (experimental arm) or to view alist of websites containing HIV/AIDSrelated
information (control arm). Self-administered questionnaires will be provided online before randomization (baseline) and two
weeks after intervention (post-test).

Results: The study will include atotal of 60 participants with 30 in each group. The results from this pilot study will provide
further evidence for alarger study to examine the effectiveness of this intervention and will provide a cost-effective and widely
accessible approach to HIV prevention for HIV-positive MSM.

http://www.researchprotocols.org/2013/2/e39/ JMIR Res Protoc 2013 | vol. 2 | iss. 2 [e39 | p.153
(page number not for citation purposes)


mailto:joyal.miranda@ryerson.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Mirandaet a
Conclusions: Internet-based interventions for HIV-positive MSM, a population that has been under-represented in the efforts
for positive prevention of HIV within Canada, have the potential to provide a cost-effective strategy, which influences the way
inwhich information is accessed and provided to high-risk individuals. The advantages of an Internet-based intervention include
the potential to provide consistency in the delivery of an intervention and the ability to disseminate the intervention to a wider
population. Internet-based interventions are perceived as vital toolsin combating HIV infection within the realm of social media.
Therefore, it isimportant to determine the feasibility and acceptability of these interventions before implementing them.

Trial Registration: Clinicaltrials.gov: NCT01726153; http://clinicaltrials.gov/ct2/show/NCT01726153 (Archived by WebCite

at http://lwww.webcitation.org/6Jljzip8B).

(JMIR Res Protoc 2013;2(2):€39) doi:10.2196/resprot.2723
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Introduction

Overview

The number of human immunodeficiency virus (HIV)-positive
individuals continues to increase in Canada. Among the
high-risk groups, the group of men having sex with men (MSM)
accounted for the greatest proportion (44%) of new infections
in 2008 [1]. Various studies, which target the sexual risk
behaviors of HIV-positive MSM, have found that 10% to 60%
of these individuals do not routinely practice safe sex [2]. In
addition, MSM recently infected with HIV had a median of 20
sexual partners within the previous year, and they continued to
repeatedly engage in high-risk sexual behavior, particularly
unprotected anal intercourse [3]. Moreover, 34% of MSM
recently diagnosed with an HIV infection did not change their
risk behaviors after the diagnosis of their condition, and 20%
actually increased their risk behaviors after the diagnosis [3].
The potential outcomes of engaging in unprotected sex with
partners who are HIV-negative or whose status is unknown are
the possibility of infecting others with HIV and putting onesel f
at risk for contracting sexually transmitted infections (eg,
syphilis, gonorrhea, and herpes virus infection) [4]. Many
individualswho engagein risky sexual behaviors usethe Internet
to meet their sexua partners, and the Internet itself may facilitate
such risk-taking behaviors [5,6]. In keeping with the current
trends, theindividualsworking in thefield of prevention of HIV
infection need to incorporate the same medium as that used by
high-risk individuals to reduce risky sexual behaviors. Thus,
developing technological innovations such as Internet-based
interventionsis critical.

Computer-Based Online Interventions

Computer-technol ogy-based interventions (CBIs) [7] provide
an aternative to human-delivered interventions for prevention
of HIV infection. Noar, Black, and Pierce [8] defined CBIs as
those that use computer technology as the primary or sole
medium for intervention delivery. To date, few trials of health
interventions that use computer technology and are conducted
entirely online have been performed [9]. In the case of such
interventions, all aspects of the study must be implemented
online, that is, participant recruitment, randomization process,
data collection, and delivery of the actual intervention. Many
of the current CBIs recruit participants using methods other
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than the Internet and collect data in a face-to-face format, and
only provide the actual intervention online.

Advantages of I nternet-Based Studies

Previously, HIV prevention interventionswere mainly delivered
on individual or group levels. However, many clinical and
community settings do not have adequate human resources
required for implementation of such methods [8]. Therefore,
the ability to disseminate efficacious interventions into many
practice settings remains limited. In addition, the barriers and
challenges of intervention fidelity have limited the public health
impact of behavioral HIV prevention interventions [8]. CBls
have the advantage of providing consistency in the delivery of
an intervention and enable participants to initialize their
participation in the study at any time of the day and at alocation
convenient to them. Online participation removes barriers such
as scheduling times and human resources that may restrict
participants’ participation or the ability to provide the
intervention to anumber of individuals. For example, individuals
in rural settings, for whom it may be difficult to access the
resources, would able to participate in the CBIs without the
costs associated with travel and/or taking time off from work.
Further, the anonymity provided by Internet-based interventions
isan advantage, specifically to those who may feel stigmatized.
For instance, individuals who have not yet disclosed their HIV
infection status and who may feel hesitant about participating
in an intervention geared towards those who are HIV-positive
could participate in such CBIs because the disclosure factor
would not be relevant with an Internet-based intervention. In
addition, aprevious study has shown that typically, participants
answering questionnaires online report higher rates of sexual
behavior than in pen-and-paper or interview formats [7].
Moreover, the cost associated with I nternet-based interventions
is low, and human facilitators are not required for
implementation of the intervention; therefore, the intervention
can be run on numerous occasions. In addition, the data
collection methods are less costly because questionnaires do
not have to be mailed to the participants, and in-person are not
required for collecting data [9]. Finally, online data collection
is quicker, because 