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Abstract
Background: Chronic heart failure (CHF) is a public health priority. Its age-standardized prevalence has increased over the
past decade. A major challenge for the management of CHF is to promote long-term adherence to self-care behaviors without
overtaxing available health care resources. Counseling by multidisciplinary health care teams helps to improve adherence to
self-care behaviors and to reduce the rate of death and hospitalization. In the absence of intervention, adherence to self-care is
below recommended standards.
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Objective: This trial aims to establish and evaluate a Canadian e-platform that will provide a core, standardized protocol of
behavioral counseling and education to facilitate long-term adherence to self-care among patients with CHF.
Methods: Canadian e-Platform to Promote Behavioral Self-Management in Chronic Heart Failure (CHF-CePPORT) is a
multi-site, double blind, randomized controlled trial with a 2 parallel-group (e-Counseling + Usual Care vs e-Info Control + Usual
Care) by 3 assessments (baseline, 4-, and 12-month) design. We will identify subjects with New York Heart Association Class
II or III systolic heart failure from collaborating CHF clinics and then recruit them (n=278) by phone. Subjects will be randomized
in blocks within each site (Toronto, Montreal, and Vancouver). The primary outcome will be improved quality of life, defined
as an increased number of subjects with an improvement of ≥5 points on the summary score of the Kansas City Cardiomyopathy
Questionnaire. We will also assess the following secondary outcomes: (1) diet habits, depression, anxiety, smoking history, stress
level, and readiness for change using self-report questionnaires, (2) physical activity level, current smoking status, and vagal-heart
rate modulation by physiological tests, and (3) exercise capacity, prognostic indicators of cardiovascular functioning, and
medication adherence through medical chart review. The primary outcome will be analyzed using generalized estimation equations
with repeated measures on an intention-to-treat basis. Secondary outcomes will be analyzed using repeated-measures linear mixed
models with a random effects intercept. All significant main effects or interactions in the statistical models will be followed up
with post hoc contrasts using a Bonferroni correction with a 2-sided statistical significance criterion of P<.05.
Results: This 3.5-year, proof-of-principle trial will establish the e-infrastructure for a pan-Canadian e-platform for CHF that is
comprised of a standardized, evidence-based protocol of e-Counseling.
Conclusions: CHF-CePPORT is designed to improve long-term adherence to self-care behaviors and quality of life among
patients with CHF. It will demonstrate a distinct Canadian initiative to build capacity for preventive eHealth services for patients
with CHF.
Trial Registration: ClinicalTrials.gov NCT01864369; http://clinicaltrials.gov/ct2/show/NCT01864369 (Archived by WebCite
at http://www.webcitation.org/6Iiv6so7E).
(JMIR Res Protoc 2014;3(1):e5) doi: 10.2196/resprot.2957
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Introduction

and all-cause hospitalizations (RR=0.81, 95% CI 0.71-0.92)
[8].

Chronic Heart Failure Syndrome

e-Counseling for Patients

Chronic heart failure (CHF) is a progressive clinical syndrome
in which the heart is unable to pump oxygenated blood
sufficiently to meet metabolic demands during exercise or at
rest [1]. It is a major cause of hospitalization and mortality, and
it is the only major cardiovascular disease that is increasing in
prevalence [2]. For example, in Canada, the age-standardized
prevalence of CHF has risen from 1585 to 2510 cases per
100,000 over the past decade [3]. The 1-year hospital
readmission rate is 40% [4], and the mortality rate after the first
year of a CHF diagnosis is 25%-40%. Patients with CHF
experience many symptoms such as shortness of breath and
fatigue [5]. Self-care behaviors are critical to symptom
management and quality of life. These behaviors include
maintaining a healthy diet that is low in fat and sodium, limiting
alcohol and fluid intake, maintaining a healthy body weight,
exercising regularly, reducing stress, and smoke-free living [6].

We support the conclusions from recent meta-analytic reviews
that call for further development of an e-Counseling strategy
for patients with cardiovascular conditions, including CHF
[8-10]. An e-Counseling strategy may be well suited to reinforce
long-term adherence to self-care among patients with CHF, and
in turn improve quality of life while reducing the high rate of
hospitalization and mortality. The feasibility of this approach
is underscored by the observation that 80.3% of Canadians
reported having personal access to the Internet in 2010,
including 70%-76% in the two lowest income quartiles, 80%
who were between 45-64 years old, and 51% between 65-74
years old [11]. Moreover, we surveyed 100 patients with CHF
about whether “It was easy for [them] to get access to a
computer at home” (1=Strongly disagree, 5=Strongly agree)
[12]. The mean response was 4.4, SD=1.1. In keeping with
recent studies [13,14], these data indicate that e-Counseling is
very likely to be used by patients with CHF in our clinics.

A key challenge is to improve quality of life and long-term
adherence to self-care behaviors for patients with CHF without
overtaxing health care resources. In the absence of intervention,
adherence to self-care is problematic with regard to medications
(50%-96%), physical activity (9%-53%), dietary restriction of
sodium (20%-71%), and daily monitoring of weight (20%-80%)
[7]. Meta-analysis has shown that multidisciplinary counseling
to promote self-care following hospital discharge for CHF
reduces mortality (relative risk-RR=0.75, 95% CI 0.59-0.96),
CHF-related hospitalizations (RR=0.74, 95% CI 0.63-0.87),
http://www.researchprotocols.org/2014/1/e5/
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The primary objective of this trial is to establish and evaluate
a Canadian e-platform for e-Counseling and education to
enhance quality of life and to facilitate long-term adherence to
self-care among patients with CHF. This proof-of-principle trial
builds upon: (1) previous clinical trials in e-Counseling,
telehealth, and telemonitoring, as well as observational studies
by our team [12,15-28], and (2) our contributions to Canadian
consensus guidelines for the clinical management of CHF
[29-31]. This trial will be undertaken in collaboration with the
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Consumer eHealth platform of the Heart and Stroke Foundation
of Canada. Findings from the trial will help extend access to
e-Counseling, interactive e-tools, and self-help information for
patients with CHF.

Methods
Procedures and Features
Procedures and features of our methods have been reviewed
according to the Consolidated Standards of Reporting Trials
(CONSORT) standards for clinical trials in eHealth [32,33]. It
is reported here in accordance with the CONSORT-EHealth
(v.1.6.1) checklist [34].

Nolan et al

Trial Design
The Canadian e-Platform to Promote Behavioral
Self-Management in Chronic Heart Failure (CHF-CePPORT)
is a multi-site, double blind, randomized controlled trial
(NCT01864369) with 2 parallel-groups (e-Counseling + Usual
Care vs e-Info + Usual Care) and 3 assessment periods (baseline,
4-, and 12-month). Figure 1 shows the research design. This
trial was modeled after 2 randomized controlled trials on
telehealth and eHealth completed by our team [19,22,23], and
after 2 exemplary trials of telehealth that are recently completed
[35,36] or in progress [37].

Figure 1. Schematic summary of the trial design.
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Hypotheses
Primary Hypothesis
Our primary hypothesis is that more subjects in the e-Counseling
+ Usual Care arm will experience significant improvement in
the quality of life at the 12-month assessment than in the Control
arm. This improvement will be defined as a clinically
meaningful increase of ≥5 points [38] on the summary score of
the Kansas City Cardiomyopathy Questionnaire (KCCQ) [39]
from baseline.

Secondary Hypotheses
Our secondary hypotheses are that the e-Counseling + Usual
Care arm will be associated with significant improvement in
the quality of life, adherence to self-care, and psychological
adjustment from baseline to 4- and 12-month assessments. These
outcomes will be measured using the following objective and
validated indices: (1) the KCCQ (≥5 points increase in the
summary score at the 4-month assessment) for quality of life,
(2) the Canadian version of the Diet History Questionnaire II
(DHQ II) [40] for diet habits, (3) the mean 4-day step count (as
measured by accelerometry) [41,42] and the Physical Activity
Scale for the Elderly (PASE) questionnaire [43] for physical
activity level, (4) the medication possession ratio (MPR) [20]
for medication adherence, (5) the generalized anxiety disorder
(GAD-7) scale [44] and Patient Health Questionnaire (PHQ-9)
[45] for anxiety and depressive symptoms, respectively, (6) the
Perceived Stress Scale (PSS) [46] for stress level, and (7)
Prochaska’s algorithm [47] for readiness to change self-care
behaviors.
In addition, we hypothesize that the e-Counseling + usual care
group will perform better than the Control groups at the
12-month assessment on the following prognostic measures of
cardiovascular functioning: (1) increased exercise capacity as
measured by the 6-minute walk test (6MWT) [48], (2) increased
vagal-heart rate modulation [44,45] as measured by
electrocardiography (ECG), (3) decreased values of the Seattle
Heart Failure Model (SHFM) [49-51], N-terminal pro-brain
natriuretic peptide (NT-proBNP) [52,53], high sensitivity
C-reactive protein (hsCRP) [52,54], and (4) increased VO2 peak
[55] during cardiopulmonary exercise testing.

Participant Inclusion/Exclusion Criteria
Patients with CHF will be eligible for the trial if they meet all
of the following criteria: (1) male and female patients 18 years
or older who are diagnosed with heart failure with reduced
ejection fraction (systolic HF) that corresponds to New York
Heart Association (NYHA) Class II or III for 3 or more months
prior to enrollment, (2) documentation of left ventricular ejection
fraction (LVEF) ≤40%, (3) if the patient has been stable
throughout 12 months prior to enrollment, documentation will
confirm impairment of LVEF by contrast ventriculography,
radionuclide ventriculography, or quantitative echocardiography,
(4) no worsening of CHF for 1 month prior to recruitment, as
determined by the referring cardiologist, (5) confirmation by
referring cardiologist that medical treatment includes an optimal
and stable dose of angiotensin converting enzyme inhibitor,
beta-blocker, and aldosterone antagonist where indicated for at
least 1 month prior to enrollment in this study (Patients not
http://www.researchprotocols.org/2014/1/e5/
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treated with a beta-blocker will be enrolled if this was previously
prescribed, but not tolerated by them. Use of digitalis or diuretic
is optional), (6) subject is not currently enrolled in a formal
exercise program, (7) comprehension of English or French, (8)
subject is familiar with the use of and has access to a personal
computer, email, and the Internet, and (9) subject provides
informed written consent.
Patients with CHF will be ineligible if they fit with any of the
following exclusion criteria: (1) documentation at enrollment
of renal failure (serum-creatinine ≥300 micromoles/L, ≥3.0
mg/dL), significant liver disease (alanine transaminase >3-fold
upper limit of normal), or poorly controlled diabetes mellitus
(fasting blood glucose >10 mmol/L or hemoglobin A1c >8%,
or current diagnosis of autonomic neuropathy, ketoacidosis, or
hyperosmolar state), (2) current symptomatic hypotension and/or
systolic blood pressure ≤85 mmHg, (3) persistent systolic or
diastolic hypertension (systolic >170 mmHg or diastolic >100
mmHg despite antihypertensive therapy), (4) CHF secondary
to any of the following conditions–primary uncorrected valvular
cardiomyopathy, predominant right-sided heart failure, or
noncardiac disease (eg, pericardial disease, complex congenital
heart disease), (5) cardiovascular comorbidities/procedures that
include stroke, acute myocardial infarction, or planned cardiac
surgery within 4 weeks before enrollment, (6) severe obstructive,
restrictive, or other chronic pulmonary disease, (7) previous
heart transplant or is on a wait list for heart transplant at the
time of enrollment, (8) diagnosis of major psychiatric disorder
(eg, psychosis) or drug/alcohol abuse in past year, and (9)
diagnosis of noncardiac disease (eg, cancer) that is likely to
shorten life expectancy to <2 years.

Recruitment Procedure
Cardiologists, who are coinvestigators in this trial, will identify
patients with CHF in their care who meet our recruitment
criteria. A clinic staff member will introduce the study to the
potential subjects and solicit their verbal consent to be contacted
by our research team. The contact information of consented
individuals will be sent via secure fax to the Behavioral
Cardiology Research Unit at University Health Network (UHN),
Toronto, Canada. Individuals will be telephoned by our research
team to obtain verbal consent to participate and to schedule a
baseline assessment appointment to be held at one of the three
trial sites (Toronto, Montreal, and Vancouver). We will obtain
written informed consent from subjects for trial participation,
email communication, and review of medication history at the
beginning of their baseline assessment appointment. Once they
have completed their baseline assessment, subjects will be
randomized into the intervention or control group. We have
received ethics approval from our coordination site (UHN). At
the time of manuscript submission, we are seeking ethics
approval from the Vancouver and Montreal trial sites.

Intervention
Clinical/Theoretical Framework
New taxonomies of techniques for health behavior change have
been reported [56,57]. Based on this work, our team has recently
published a systematic review of how behavior change
techniques are utilized in trials of e-Counseling [58]. Our key
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finding is that e-Counseling programs that were efficacious
used a repertoire of at least six behavior change techniques that
can be tailored to (or selected by) the individual user. Further,
it is critical to present these techniques in an organized manner,
within a framework of preventive counseling that is
evidence-based and clinically relevant.
CHF-CePPORT is not “therapy” per se. However, our
e-Counseling protocol incorporates key components of two
foundational models of behavioral counseling: (1) motivational
interviewing (MI) [59], and (2) cognitive-behavioral therapy
[60-62]. MI was developed as a set of procedures [63] that build
upon educational strategies used in Prochaska’s transtheoretical
model [47,64]. The initial goal of MI is to validate the patient’s
presenting stage of “readiness” and to tailor feedback or
information accordingly. Therapeutic interactions and
self-assessment procedures are designed to evoke positive
“change talk,” [63] as the patient is directed to identify
personally salient goals that are associated with potential change
in a targeted behavior. As ambivalence about change is resolved,
the patient is directed to “experiment” with behavior change.
Goals for change and behavioral feedback are conventionally
provided in a manner that is consistent with cognitive-behavioral
therapy [60-62]. Strategies to sustain change are collaboratively
reviewed to assist the patient in: (1) developing a repertoire of
behavioral skills, and (2) building efficacy from
performance-based feedback. Meta-analysis shows that in
comparison to a standardized intervention or usual care, MI
(alone or combined with cognitive-behavioral counseling) is
associated with significantly greater reduction in body mass
index, total cholesterol, blood pressure, adult smoking, and
alcohol abuse, and with increased adherence to diet, exercise,
and other “treatment” [65-67].

Intervention (e-Counseling + Usual Care) Group
The e-Counseling protocol in CHF-CePPORT builds upon
evidence and know-how that we have shown in our previous
trials. In the Community Outreach Heart Health and Risk
Reduction Trial (COHRT) [23,68,69], we demonstrated that an
evidence-based model of telehealth counseling with MI [59]
added therapeutic benefit to a recommended standard of
preventive counseling at a 6-month follow-up in people with
or at elevated risk for cardiovascular disease. In the
Internet-Based Strategic Transdisciplinary Approach to Risk
Reduction and Treatment (I-START) [19,22,28], our
e-Counseling protocol was independently associated with
reduced systolic blood pressure, pulse pressure, and total
cholesterol (but not with diastolic blood pressure), as well as
with increased adherence to psychometrically assessed exercise
and diet in people with hypertension. Through our ongoing trial,

e-Counseling Promotes Blood Pressure Reduction and
Therapeutic Lifestyle Change in Hypertension (REACH) [21],
we are establishing whether our e-Counseling protocol
independently reduces blood pressure and 10-year absolute risk
for cardiovascular disease over a 12-month interval in people
with hypertension. The CHF-CePPORT e-Counseling protocol
builds upon this evidence [19,22,23,68,69], as well as guidelines
from notable trials and reviews of telehealth and eHealth
[14,35,37,70-72]. This trial will be a proof-of-principle study
for patients with CHF.
The CHF-CePPORT e-Counseling protocol will be delivered
in collaboration with the Consumer eHealth platform of the
Heart and Stroke Foundation of Canada. It will send 28 emails
proactively to each subject in the intervention arm over a
12-month interval (Table 1). Each email will link e-Counseling
subjects to a restricted section of our e-platform where they will
access multimedia materials and interactive e-tools. As noted
above, the clinical method and content of this protocol is
consistent with principles of MI. In keeping with I-START
[19,22], the e-Counseling messages promote the following: (1)
explicit validation of the subject’s stage of “readiness” for
behavior change via e-messaging and educational segments, (2)
collaborative participation by means of subject-selected menus
and explicit messaging to validate the subject’s active
participation, and (3) reinforcement of “change talk” [63]
through peer modeling, dramatic vignettes, and self-help
exercises that are designed to help resolve ambivalence to
change. Additionally, MI is most efficacious when combined
with other evidence-based counseling methods such as
cognitive-behavioral therapy [66]. Accordingly, the
e-Counseling protocol will maintain a user-centered approach
by working collaboratively with each subject who reports
appropriate motivation to change a behavior that they have
identified as a priority for change. This includes interactive
access to the following therapeutic tools: (1) self-help
information and e-tools for self-monitoring self-care behaviors,
and (2) developing cognitive-behavioral skills to build and
strengthen efficacy [73] to initiate and maintain behavior change.
The collaborative tone of the e-Counseling content is consistent
with cognitive-behavioral guidelines to reinforce motivation
[59,63] and efficacy [73]. Finally, subject engagement in this
segment of the e-Counseling program will be reinforced through
the use of short films that will complement the e-based self-help
information and e-tools. These original short films have been
written and produced by our research team, in collaboration
with the Heart and Stroke Foundation of Ontario. e-Counseling
subjects will continue to receive CHF-related medical care from
their health care team during the course of the trial (ie, usual
care).

Table 1. The 12-month schedule for proactive e-messaging for the CHF-CePPORT trial.
Month 1-4

Month 5-8

Month 9-12

Schedule for proactive e-messages

Weekly

Biweekly

Monthly

Total # of proactive e-messages

16

8

4
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Control Group

Secondary Outcomes

In addition to usual care, the Control group will be provided
with e-messages following the same delivery schedule (Table
1). The e-messages will include brief articles that are randomly
selected from the Healthy Living section of the Heart and Stroke
Foundation of Canada e-platform. Each e-support article will
provide information tailored for a CHF population, such as
appointments with physicians and advice about heart healthy
guidelines for exercise, diet, smoke-free living, symptom
monitoring, and medications. This intervention will be distinct
from the e-Counseling group in two ways: (1) information will
not be tailored to each subject’s stage of readiness for change,
and (2) e-messages will not include e-tools and e-Counseling
procedures to increase “readiness” and efficacy to adhere to
targeted self-care behaviors.

The quality of life at the 4-month interval will be assessed by
determining the number of subjects who demonstrate a ≥5-point
improvement of the KCCQ total score [38,39].

Randomization and Blinding
Protection against bias will be accomplished by double blinding.
Randomization will be done through a particular website which
uses randomly permuted blocks to assign subjects to the
e-Counseling group or to the Control group. This process will
be conducted in blocks to ensure that group assignment is
balanced across our recruitment sites (Toronto, Montreal, and
Vancouver) for the overall trial. The individual who will be
responsible for randomization at the Behavioral Cardiology
Research Unit, UHN has no direct involvement in this trial. In
addition, the randomization code will be hidden from trial
subjects, as well as all those who will conduct assessments, data
processing, and analysis. Thus, the CHF-CePPORT research
team members and the trial subjects from the three sites will
not be aware of the group assignment of the subjects.

Outcome Measures
Collection Materials in English and French

The subjects’ increase in adherence to the recommended intake
of vegetables, fruit, dairy, and dietary fat will be evaluated at
the 4- and 12-month assessments using the Canadian version
[40] of the DHQ II [75], which is also available in French.
The physical activity level of the subjects will be measured in
two ways: (1) mean step count, and (2) self-report questionnaire.
We will ask subjects to document their daily step count for 7
days prior to their assessments at baseline, 4-, and 12 months.
The step count will be measured using an accelerometer
(LifeSource/A&D XL-18CN Activity Monitor) that we will
provide to each subject. We will calculate the mean 4-day step
count using data from the three weekdays and one weekend day
that have the highest step count out of the 7-day record [76,77].
Adherence to physical activity over the past week will be
measured by the PASE [78], which has been validated in persons
with CHF [79]. We will use a French version that was translated
by its publisher.
We will confirm the smoking status of those who self-report as
a current smoker at the baseline, 4-, and 12-month assessments
using salivary cotinine. The current smokers will be defined by
having salivary cotinine level ≥10 ng/ml. These subjects will
also be screened for the use of nicotine replacement therapy,
which can confound their salivary cotinine result. Smoking
history will be evaluated using questions from the Survey on
Living with Chronic Disease in Canada [80] (ie, “Have you
smoked at least 100 cigarettes in your life?”). The French
version [80] of the smoking history questions will be also used
in this trial.

Data collection materials will be available in both English and
French. All materials were developed in English. We will
indicate if a published French version of a questionnaire is to
be used. If none is available, our Montreal team will translate
the English questionnaire into French using a standard
back-translation protocol [74].

We will estimate each subject’s medication adherence using
MPR [81]. It calculates the cumulative medication supply for
x days, divided by the total days to the next reﬁll or end of the
observation period. MPR has been validated in a previous trial
[20]. We will measure MPR with pharmacy refill data for a
4-month period that precedes each of the three assessments.

Primary Outcome

Anxiety will be measured using the GAD-7 scale [44].
Depressive symptoms will be assessed using the total score
from the PHQ-9 [45]. Both questionnaires have been used
extensively in health research and have been well validated,
including in people with CHF [44,82]. French versions of the
GAD-7 and PHQ-9, freely available on the Internet, will also
be employed. These assessments will be made at the baseline,
4-, and 12-month intervals.

The primary outcome is quality of life improvement of subjects
at the 12-month assessment, as measured by the number of
subjects who demonstrate a clinically meaningful increase of
≥5 points [38] on the summary score of the KCCQ [39]. It is a
23-item questionnaire that assesses the patient’s perception of
CHF in terms of physical limitations, symptoms (frequency,
severity, and recent change over time), self-efficacy, social
interference, and quality of life over the past 2 weeks. The
summary score ranges from 0-100, with the lower score
reflecting poorer quality of life. Internal consistency is high for
all domains (Cronbach alphas=.78-.95), except the 2-item
self-efficacy scale (Cronbach alpha=.62). We will employ a
validated French-Canadian version [39] of KCCQ in this trial.

The 10-item PSS [46] is a commonly used instrument to measure
the extent to which one’s life is appraised as stressful. It has
demonstrated adequate reliability (Cronbach alpha=.78). The
PSS has been used in people with heart disease, including CHF
[83]. We will use a validated French version of the PSS for this
trial [84] at the baseline, 4-, and 12-month assessments.
Readiness for change in self-care will be assessed using
Prochaska’s transtheoretical algorithm [47] at the baseline, 4-,
and 12-month intervals. This algorithm categorizes “readiness”
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to make behavioral changes in one of five stages: (1)
precontemplation (do not intend to make a behavioral change
in the next six months), (2) contemplation (intend to start making
behavioral changes within the next six months), (3) preparation
(ready to start making behavioral changes within the next 30
days), (4) action (have made changes to a behavior within the
last six months), and (5) maintenance (continue with the new
behavior that was changed six or more months ago).
The functional capacity of the subjects will be assessed using
the 6MWT [85] at the baseline and 12-month intervals. In
accordance with the American Thoracic Society’s protocol, the
test will use an indoor straight course of 30-40 meters and
standard instructions to “walk as far as possible in six minutes.”
Values will be expressed as the percent predicted value, rather
than absolute distance, because the former is less susceptible
to confounding factors [86].
Autonomic nervous system function of the subjects will be
assessed using heart rate variability. A 10-minute recording will
be collected using a three-lead ECG. The data will be sampled
at 1000 Hz using LabView (version 7.1, National Instruments).
A custom heart rate variability software will be used to analyze
RR interval data using a fast Fourier transformation to obtain
low frequency (0.04-0.15 Hz) and high frequency (0.15-0.50
Hz) spectral components. Only the Toronto sample will be asked
to provide an ECG recording at baseline and 12-month intervals.
Peak aerobic power (VO2 peak, oxygen consumption) and the
VE/VCO2 (rate of elimination of carbon dioxide) slope will be
used to assess exercise capacity of the subjects at the baseline
and 12-month intervals. The VO2 peak has prognostic value
[87]. It is associated with the quality of life [88], and it is
sensitive to change following home-based training with
telehealth in CHF patients [55]. We will be collecting this
information on the subjects through medical chart review.
The SHFM provides a risk estimate that has been validated
among patients with CHF [49-51]. It is derived from prognostic
variables (diuretic dose/kg, systolic blood pressure, percent
lymphocytes, haemoglobin, etiology, ejection fraction,
cholesterol, uric acid, allopurinol, serum sodium, statin, NYHA
class, age, and sex) that are easily obtained from medical charts.
We will review the medical charts of the subjects to extract
values for these abovementioned variables at the baseline and
12-month intervals. These will then be inserted into a freely
available algorithm on the Internet. The generated SHFM score
will be used in our analyses.
The brain natriuretic peptide (BNP) is a neurohormone that is
synthesized in and secreted from the ventricular myocardium
in response to elevated ventricular wall tension and stretch, and
from the activation of the sympathetic and renin-angiotensin
systems. BNP is increased in patients with CHF [89], and it
correlates with risk for all-cause, cardiac, and pump-failure
mortality. Proinflammatory hsCRP is elevated in CHF as the
disease progresses [52,54]. We will extract these data, if
available, from the medical charts of subjects at the baseline
and 12-month assessments.
We will also collect the anthropometric variables such as age,
sex, height and weight (for body mass index), waist
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circumference, medications, alcohol (drinks/day), and medical
history for each subject at the baseline and 12-month
assessments.

Data Collection
Data will be collected at three time points–baseline, 4-, and
12-month. Each subject will be asked to attend an in-person
assessment appointment at the HF clinic from which he/she is
recruited (Toronto, Montreal, or Vancouver) at each time point.
During each assessment, subjects will be asked to complete
specified physiological tests and self-report questionnaires (on
paper or Web-based). There will be two exceptions: (1) subjects
will complete the Web-based DHQ II, and (2) wear the
accelerometer at home for seven days after their baseline
assessment, and immediately prior to their 4- and 12-month
assessments.

Subject Compliance Monitoring
As a quality control check, we will evaluate the number of
emails sent to subjects versus the number of proactive emails
that subjects have opened via automated reply. This will yield
a ratio of adherence to treatment (number of emails sent/number
of emails opened) that will be considered as a potential covariate
in supplemental outcome analyses.
Problems with adherence/compliance to preventive counseling
are often due to increased response burden that is
disproportionate to perceived benefit [90]. To offset this
problem, we will inform subjects that they can keep the
accelerometer (approximate value=US $50) as a gesture of
appreciation for their participation. Transportation/parking, up
to US $21, will also be reimbursed. Finally, we expect to
reinforce subject motivation to comply with trial procedures by
maintaining a regular schedule of e-messages over 12 months,
which are likely to be perceived as being supportive in nature.

Statistical Analysis Plan
Sample Size Estimation
Our sample size was not only estimated based on our own
previous work, but also based on the seminal work from Heart
Failure: A Controlled Trial Investigating Outcomes of Exercise
Training (HF-ACTION). At the 12-month outcome in
HF-ACTION [88], 53% (n=618, 95% CI 50%-56%) of subjects
in exercise training had a clinically significant improvement
(≥5 points) [38] from the baseline on the KCCQ [39], compared
with 33% (n=386, 95% CI 30%-35%) in Usual Care. With type
I error of .05 and power of .80, 93 subjects per group are
required to replicate this effect. HF-ACTION was not an
e-intervention, however, it utilized a 12-month home-based
program to which only 40%-45% of subjects were adherent
[91]. Consequently, there was only a small treatment effect for
change in exercise capacity. This was correlated with KCCQ
outcomes [88]-exercise group gained only 0.6 ml.kg-1.min-1
(interquartile range–IQR, −0.7 to 2.3) and Controls gained 0.2
ml.kg-1.min-1 (IQR, −1.2 to 1.4) [92]. This is likely due to low
exercise intensity. CHF-CePPORT (in keeping with our previous
trials of COHRT, I-START, and REACH) [23] [19,22,28] [21]
is designed to improve the quality of life associated with
increased self-care behaviors, including exercise. Therefore, a
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similar small change in exercise capacity as in HF-ACTION is
expected, in association with an expected increase in the KCCQ
score [39]. With alpha of .05 and power of .80, a sample of 115
subjects per group is required. Withdrawal or drop out (for any
reason) has been below 6% in HF-ACTION [93] and in our
previous telemonitoring trial [24]. When completion of repeated
behavioral assessments are factored into subject loss, attrition
was 19% in our telemonitoring trial [24] and 21% in I-START
[19,22] Therefore, we conservatively plan for 21% attrition for
CHF-CePPORT-final sample=278 subjects.
Our team will recruit subjects from CHF clinics in tertiary care
hospitals where we hold senior positions. It is feasible to recruit
278 subjects across 3 sites: (1) Vancouver (St. Paul’s Hospital),
(2) Toronto (UHN), and (3) Montreal (Montreal Heart
Institute)–Years 1 and 2=248 subjects/3 hospitals/2 years=41
subjects per hospital, per year. Additionally, 30 subjects (10
per hospital) will be recruited in the first quarter of Year 3. The
research clerk at the Behavioral Cardiology Research Unit,
UHN, Toronto will perform coordination and monitoring of
recruitment.
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between e-Counseling and improvement in our primary
outcome; and LMM to evaluate this dose-response relationship
for prognostic measures of CHF at the 12-month outcome using
a ratio of adherence to treatment (number of emails sent/number
of emails opened).

Quality Control and Quality Assurance Procedures
Three committees will be established for quality control and
quality assurance purposes. The Steering Committee will hold
teleconference meetings every 3 months to review trial progress,
overall outcome rates, issues related to evaluation of primary
or secondary outcomes, and response of research staff to any
adverse incidents. This group will recommend whether our trial
should continue without protocol modification, with
modification, or whether it should be terminated. The Outcome
Adjudication Committee will meet every 6 months by
teleconference to adjudicate issues related to primary outcome
status of subjects. The Safety and Monitoring Committee will
meet annually with the option of expedited meetings in the event
of an urgent issue or unexpected “serious adverse event.”

Statistical Analysis

Discussion

This trial will use a 2 parallel-group design with 3 repeated
assessments at baseline, 4-, and 12-months. A generalized mixed
model (GMM) will evaluate the primary outcome, which is a
binary code of whether the 12-month KCCQ [39] increases ≥5
points [38]. Predictors will include baseline KCCQ, age, sex,
body mass index, and Group (e-Counseling vs Control). The
primary outcome will be coded as a “failure” in the event of
CHF hospitalization or mortality, but not for “elective” medical
procedures (eg, cardiac resynchronization therapy). GMM with
repeated measures will assess binary secondary outcomes across
4- and 12-month intervals (eg, KCCQ and smoking status). This
analysis is optimal as it adjusts for serial correlations across
repeated measures and between individual subjects in each
group. Predictors will include baseline KCCQ, age, sex, body
mass index, time (4- vs 12- month assessment interval), and
Group (e-Counseling vs Control). Significant interactions or
main effects will be followed by Bonferroni post hoc tests for
significance, P<.05, 2-sided. Data missing at random will be
handled by multiple imputations. For continuous secondary
outcomes, linear mixed models (LMM) [94] for repeated
measures with a random intercept will assess whether
within-subject improvement across 4- and 12-month intervals
is independently associated with our e-Counseling protocol.
This analysis adjusts for serial correlations across repeated
measures and between subjects in each Group. Predictors will
include the baseline dependent variable, age, sex, body mass
index, time (4- vs 12-month assessment interval), and Group
(e-Counseling vs Control). LMM with a random intercept will
also evaluate whether e-Counseling vs Control demonstrates
improvement at the 12-month interval in VO2 peak, NT-proBNP,
hsCRP, and the SHFM.

CHF-CePPORT Benefits to CHF Patients

Planned Subgroup Analysis

The e-Platform in CHF-CePPORT

Subanalyses will explore whether therapeutic changes in primary
or secondary outcomes following e-Counseling differ
significantly within subgroups–sex, age, and income level. We
will use GMM to evaluate the dose-response relationship

The proposed e-platform in CHF-CePPORT is designed to
complement (rather than compete with) e-programs that are
housed in collaborating institutions. Following our trial, our
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It is critical for preventive eHealth care in Canada to establish
a foundation upon which a pan-Canadian e-platform can be
built for patients with CHF in order to improve the quality of
life and adherence to self-care behaviors. It is reasonable to
expect that CHF-CePPORT will provide data that is
indispensible in helping investigators in Canada to develop a
compelling Phase 3 trial where the independent benefit of
e-Counseling for CHF can be evaluated with regard to
decreasing HF hospitalizations and mortality-as has been shown
for telehealth [35,70,95].

CHF-CePPORT Findings
Findings from CHF-CePPORT will also help guide the
development of CHF e-Counseling services provided by the
Heart and Stroke Foundation of Canada. Their Consumer
eHealth platform offers visibility and accessibility for
disseminating information and resources developed by
CHF-CePPORT through its website. In 2011, this e-platform
accommodated 395,044 users who searched for heart health
information, while 160,600 users completed structured risk
assessments. Second, our results will be submitted for
presentation at national meetings and peer-reviewed
publications. Third, the Heart and Stroke Clinical Update is an
annual continuing medical education conference hosted by the
Heart and Stroke Foundation of Canada for primary care
physicians. Pending the results of this study, there is interest to
develop a workshop for Canadian physicians and health
professionals on the use of our e-platform to promote self-care
in patients with CHF. As results become available, our team
will develop a knowledge translation supplement grant.
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aim is to build supplementary e-links to specialized programs
in participating CHF clinics within Canada. At the same time,
we expect that the e-platform in CHF-CePPORT will evolve as
an e-Counseling resource for CHF clinics through collaborations
with other investigators. To that end, members of our research

Nolan et al
team are affiliated with societies that are engaged in knowledge
dissemination and application. These affiliations will permit
direct dissemination of study outcomes to key opinion leaders
and facilitate uptake of new knowledge to a broader audience.

Acknowledgments
This trial is funded by an operating grant [#MOP-287717] from the Canadian Institutes of Health Research. We thank the Heart
and Stroke Foundation of Canada for their in-kind support for film production and collaboration.

Conflicts of Interest
The authors of this paper are also the developers of the Internet-based e-Counseling intervention being testing in this trial. GE is
editor and publisher of JMIR Res Protoc, but had no role in assigning peer-reviewers; the protocol was also independently
peer-reviewed at the funding agency.

References
1.

2.

3.

4.
5.
6.

7.
8.

9.
10.
11.
12.

13.

14.
15.

16.

Liu P, Arnold M, Belenkie I, Howlett J, Huckell V, Ignazewski A, Canadian Cardiovascular Society. The 2001 Canadian
Cardiovascular Society consensus guideline update for the management and prevention of heart failure. Can J Cardiol 2001
Dec;17 Suppl E:5E-25E. [Medline: 11773943]
Rosamond W, Flegal K, Friday G, Furie K, Go A, Greenlund K, American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Heart disease and stroke statistics--2007 update: A report from the American Heart
Association Statistics Committee and Stroke Statistics Subcommittee. Circulation 2007 Feb 6;115(5):e69-171 [FREE Full
text] [doi: 10.1161/CIRCULATIONAHA.106.179918] [Medline: 17194875]
Ezekowitz JA, Kaul P, Bakal JA, Quan H, McAlister FA. Trends in heart failure care: Has the incident diagnosis of heart
failure shifted from the hospital to the emergency department and outpatient clinics? Eur J Heart Fail 2011 Feb;13(2):142-147.
[doi: 10.1093/eurjhf/hfq185] [Medline: 20959343]
Lee DS, Johansen H, Gong Y, Hall RE, Tu JV, Cox JL, Canadian Cardiovascular Outcomes Research Team. Regional
outcomes of heart failure in Canada. Can J Cardiol 2004 May 1;20(6):599-607. [Medline: 15152289]
Ikeda Y, Yamamoto T, Yano M, Matsuzaki M. Heart failure: Pathophysiology. In: Beattie J, Goodlin S, editors. Supportive
care in heart failure. Oxford: Oxford University Press; 2008:27-48.
Lainscak M, Blue L, Clark AL, Dahlström U, Dickstein K, Ekman I, et al. Self-care management of heart failure: Practical
recommendations from the Patient Care Committee of the Heart Failure Association of the European Society of Cardiology.
Eur J Heart Fail 2011 Feb;13(2):115-126. [doi: 10.1093/eurjhf/hfq219] [Medline: 21148593]
Evangelista LS, Shinnick MA. What do we know about adherence and self-care? J Cardiovasc Nurs 2008;23(3):250-257
[FREE Full text] [doi: 10.1097/01.JCN.0000317428.98844.4d] [Medline: 18437067]
McAlister FA, Stewart S, Ferrua S, McMurray JJ. Multidisciplinary strategies for the management of heart failure patients
at high risk for admission: A systematic review of randomized trials. J Am Coll Cardiol 2004 Aug 18;44(4):810-819. [doi:
10.1016/j.jacc.2004.05.055] [Medline: 15312864]
García-Lizana F, Sarría-Santamera A. New technologies for chronic disease management and control: A systematic review.
J Telemed Telecare 2007;13(2):62-68. [doi: 10.1258/135763307780096140] [Medline: 17359568]
Maric B, Kaan A, Ignaszewski A, Lear SA. A systematic review of telemonitoring technologies in heart failure. Eur J Heart
Fail 2009 May;11(5):506-517. [doi: 10.1093/eurjhf/hfp036] [Medline: 19332417]
Statistics Canada. Canadian Internet use survey 2010. Ottawa, Ontario: Statistics Canada; 2011. URL:http://www.
statcan.gc.ca/daily-quotidien/110525/dq110525b-eng.htm [accessed 2014-01-10] [WebCite Cache ID 6MY9zQrB0]
Seto E, Leonard KJ, Masino C, Cafazzo JA, Barnsley J, Ross HJ. Attitudes of heart failure patients and health care providers
towards mobile phone-based remote monitoring. J Med Internet Res 2010;12(4):e55 [FREE Full text] [doi: 10.2196/jmir.1627]
[Medline: 21115435]
Lear SA, Araki Y, Maric B, Kaan A, Horvat D, British Columbia Alliance on Telehealth PolicyResearch. Prevalence and
characteristics of home Internet access in patients with cardiovascular disease from diverse geographical locations. Can J
Cardiol 2009 Oct;25(10):589-593 [FREE Full text] [Medline: 19812805]
Zutz A, Ignaszewski A, Bates J, Lear SA. Utilization of the Internet to deliver cardiac rehabilitation at a distance: A pilot
study. Telemed J E Health 2007 Jun;13(3):323-330. [doi: 10.1089/tmj.2006.0051] [Medline: 17603835]
Apullan FJ, Bourassa MG, Tardif JC, Fortier A, Gayda M, Nigam A. Usefulness of self-reported leisure-time physical
activity to predict long-term survival in patients with coronary heart disease. Am J Cardiol 2008 Aug 15;102(4):375-379.
[doi: 10.1016/j.amjcard.2008.03.072] [Medline: 18678290]
Chan SY, Mancini GB, Burns S, Johnson FF, Brozic AP, Kingsbury K, et al. Dietary measures and exercise training
contribute to improvement of endothelial function and atherosclerosis even in patients given intensive pharmacologic
therapy. J Cardiopulm Rehabil 2006;26(5):288-293. [Medline: 17003593]

http://www.researchprotocols.org/2014/1/e5/

XSL• FO
RenderX

JMIR Res Protoc 2014 | vol. 3 | iss. 1 | e5 | p. 9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
17.
18.

19.
20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Currie KD, Thomas SG, Goodman JM. Effects of short-term endurance exercise training on vascular function in young
males. Eur J Appl Physiol 2009 Sep;107(2):211-218. [doi: 10.1007/s00421-009-1116-4] [Medline: 19554346]
Dragomir A, Côté R, White M, Lalonde L, Blais L, Bérard A, et al. Relationship between adherence level to statins, clinical
issues and health-care costs in real-life clinical setting. Value Health 2010;13(1):87-94. [doi:
10.1111/j.1524-4733.2009.00583.x] [Medline: 19695008]
Durrani S, Irvine J, Nolan RP. Psychosocial determinants of health behaviour change in an e-counseling intervention for
hypertension. Int J Hypertens 2012;2012:191789 [FREE Full text] [doi: 10.1155/2012/191789] [Medline: 22229083]
Gwadry-Sridhar F, Guyatt G, O'Brien B, Arnold JM, Walter S, Vingilis E, et al. TEACH: Trial of Education And Compliance
in Heart dysfunction chronic disease and heart failure (HF) as an increasing problem. Contemp Clin Trials 2008
Nov;29(6):905-918. [doi: 10.1016/j.cct.2008.07.001] [Medline: 18703166]
Nolan RP, Chessex C, Feldman R, Gwadry-Sridhar F, Hachinski V, Ivanov J, et al. BMJ Open. Canada: Canadian Institutes
of Health Research; 2011. Reducing risk with E-based support for Adherence to lifestyle Change in Hypertension REACH:
Protocol for a multicentred randomised controlled trialURL:http://bmjopen.bmj.com/content/3/8/e003547 [accessed
2014-01-14] [WebCite Cache ID 6MeC93Y21]
Nolan RP, Liu S, Shoemaker JK, Hachinski V, Lynn H, Mikulis DJ, et al. Therapeutic benefit of Internet-based lifestyle
counselling for hypertension. Can J Cardiol 2012 May;28(3):390-396. [doi: 10.1016/j.cjca.2012.02.012] [Medline: 22498181]
Nolan RP, Upshur RE, Lynn H, Crichton T, Rukholm E, Stewart DE, et al. Therapeutic benefit of preventive telehealth
counseling in the Community Outreach Heart Health and Risk Reduction Trial. Am J Cardiol 2011 Mar 1;107(5):690-696.
[doi: 10.1016/j.amjcard.2010.10.050] [Medline: 21215382]
Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Mobile phone-based telemonitoring for heart failure
management: A randomized controlled trial. J Med Internet Res 2012;14(1):e31 [FREE Full text] [doi: 10.2196/jmir.1909]
[Medline: 22356799]
Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Perceptions and experiences of heart failure patients and
clinicians on the use of mobile phone-based telemonitoring. J Med Internet Res 2012;14(1):e25 [FREE Full text] [doi:
10.2196/jmir.1912] [Medline: 22328237]
Seto E, Leonard KJ, Cafazzo JA, Masino C, Barnsley J, Ross HJ. Self-care and quality of life of heart failure patients at a
multidisciplinary heart function clinic. J Cardiovasc Nurs 2011;26(5):377-385. [doi: 10.1097/JCN.0b013e31820612b8]
[Medline: 21263339]
Sheppard RJ, Racine N, Roof A, Ducharme A, Blanchet M, White M. Heart rate recovery--A potential marker of clinical
outcomes in heart failure patients receiving beta-blocker therapy. Can J Cardiol 2007 Dec;23(14):1135-1138 [FREE Full
text] [Medline: 18060099]
Walker RL, Gee ME, Bancej C, Nolan RP, Kaczorowski J, Joffres M, et al. Health behaviour advice from health professionals
to Canadian adults with hypertension: Results from a national survey. Can J Cardiol 2011;27(4):446-454. [doi:
10.1016/j.cjca.2011.03.013] [Medline: 21684718]
Haddad H, Isaac D, Legare JF, Pflugfelder P, Hendry P, Chan M, et al. Canadian Cardiovascular Society Consensus
Conference update on cardiac transplantation 2008: Executive summary. Can J Cardiol 2009 Apr;25(4):197-205 [FREE
Full text] [Medline: 19340342]
Howlett JG, McKelvie RS, Arnold JM, Costigan J, Dorian P, Ducharme A, Canadian Cardiovascular Society. Canadian
Cardiovascular Society Consensus Conference guidelines on heart failure, update 2009: Diagnosis and management of
right-sided heart failure, myocarditis, device therapy and recent important clinical trials. Can J Cardiol 2009 Feb;25(2):85-105
[FREE Full text] [Medline: 19214293]
Malcom J, Arnold O, Howlett JG, Ducharme A, Ezekowitz JA, Gardner M, Canadian Cardiovascular Society. Canadian
Cardiovascular Society Consensus Conference guidelines on heart failure--2008 update: Best practices for the transition
of care of heart failure patients, and the recognition, investigation and treatment of cardiomyopathies. Can J Cardiol 2008
Jan;24(1):21-40 [FREE Full text] [Medline: 18209766]
Baker TB, Gustafson DH, Shaw B, Hawkins R, Pingree S, Roberts L, et al. Relevance of CONSORT reporting criteria for
research on eHealth interventions. Patient Educ Couns 2010 Dec;81 Suppl:S77-S86 [FREE Full text] [doi:
10.1016/j.pec.2010.07.040] [Medline: 20843621]
Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P, CONSORT Group. Extending the CONSORT statement to
randomized trials of nonpharmacologic treatment: Explanation and elaboration. Ann Intern Med 2008 Feb 19;148(4):295-309.
[Medline: 18283207]
Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: Improving and standardizing evaluation reports of
Web-based and mobile health interventions. J Med Internet Res 2011;13(4):e126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]
Ferrante D, Varini S, Macchia A, Soifer S, Badra R, Nul D, GESICA Investigators. Long-term results after a telephone
intervention in chronic heart failure: DIAL (Randomized Trial of Phone Intervention in Chronic Heart Failure) follow-up.
J Am Coll Cardiol 2010 Jul 27;56(5):372-378. [doi: 10.1016/j.jacc.2010.03.049] [Medline: 20650358]
Konstam MA, Konstam V. Heart failure disease management a sustainable energy source for the health care engine. J Am
Coll Cardiol 2010 Jul 27;56(5):379-381. [doi: 10.1016/j.jacc.2010.04.021] [Medline: 20650359]

http://www.researchprotocols.org/2014/1/e5/

XSL• FO
RenderX

Nolan et al

JMIR Res Protoc 2014 | vol. 3 | iss. 1 | e5 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
37.

38.

39.

40.

41.

42.
43.
44.
45.
46.
47.
48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

Sherwood A, O'Connor CM, Routledge FS, Hinderliter AL, Watkins LL, Babyak MA, et al. Coping effectively with heart
failure (COPE-HF): Design and rationale of a telephone-based coping skills intervention. J Card Fail 2011 Mar;17(3):201-207
[FREE Full text] [doi: 10.1016/j.cardfail.2010.11.001] [Medline: 21362527]
Spertus J, Peterson E, Conard MW, Heidenreich PA, Krumholz HM, Jones P, Cardiovascular Outcomes Research Consortium.
Monitoring clinical changes in patients with heart failure: A comparison of methods. Am Heart J 2005 Oct;150(4):707-715.
[doi: 10.1016/j.ahj.2004.12.010] [Medline: 16209970]
Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of the Kansas City Cardiomyopathy
Questionnaire: A new health status measure for heart failure. J Am Coll Cardiol 2000 Apr;35(5):1245-1255. [Medline:
10758967]
Csizmadi I, Kahle L, Ullman R, Dawe U, Zimmerman TP, Friedenreich CM, et al. Adaptation and evaluation of the National
Cancer Institute's Diet History Questionnaire and nutrient database for Canadian populations. Public Health Nutr 2007
Jan;10(1):88-96. [doi: 10.1017/S1368980007184287] [Medline: 17212847]
Howlett JG, McKelvie RS, Costigan J, Ducharme A, Estrella-Holder E, Ezekowitz JA, Canadian Cardiovascular Society.
The 2010 Canadian Cardiovascular Society guidelines for the diagnosis and management of heart failure update: Heart
failure in ethnic minority populations, heart failure and pregnancy, disease management, and quality improvement/assurance
programs. Can J Cardiol 2010 Apr;26(4):185-202 [FREE Full text] [Medline: 20386768]
Sneed NV, Paul SC. Readiness for behavioral changes in patients with heart failure. Am J Crit Care 2003 Sep;12(5):444-453
[FREE Full text] [Medline: 14503428]
Washburn RA, Smith KW, Jette AM, Janney CA. The Physical Activity Scale for the Elderly (PASE): Development and
evaluation. J Clin Epidemiol 1993 Feb;46(2):153-162. [Medline: 8437031]
Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing generalized anxiety disorder: The GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]
Kroenke K, Spitzer RL, Williams JB. The PHQ-9: Validity of a brief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [Medline: 11556941]
Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983 Dec;24(4):385-396.
[Medline: 6668417]
Prochaska JO, Velicer WF, Rossi JS, Goldstein MG, Marcus BH, Rakowski W, et al. Stages of change and decisional
balance for 12 problem behaviors. Health Psychol 1994 Jan;13(1):39-46. [Medline: 8168470]
Demers C, McKelvie RS, Negassa A, Yusuf S, RESOLVD Pilot Study Investigators. Reliability, validity, and responsiveness
of the six-minute walk test in patients with heart failure. Am Heart J 2001 Oct;142(4):698-703. [doi:
10.1067/mhj.2001.118468] [Medline: 11579362]
Levy WC, Mozaffarian D, Linker DT, Farrar DJ, Miller LW, REMATCH Investigators. Can the Seattle heart failure model
be used to risk-stratify heart failure patients for potential left ventricular assist device therapy? J Heart Lung Transplant
2009 Mar;28(3):231-236. [doi: 10.1016/j.healun.2008.12.015] [Medline: 19285613]
Levy WC, Mozaffarian D, Linker DT, Sutradhar SC, Anker SD, Cropp AB, et al. The Seattle Heart Failure Model: Prediction
of survival in heart failure. Circulation 2006 Mar 21;113(11):1424-1433 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.105.584102] [Medline: 16534009]
Strueber M, O'Driscoll G, Jansz P, Khaghani A, Levy WC, Wieselthaler GM, HeartWare Investigators. Multicenter evaluation
of an intrapericardial left ventricular assist system. J Am Coll Cardiol 2011 Mar 22;57(12):1375-1382. [doi:
10.1016/j.jacc.2010.10.040] [Medline: 21414534]
Jensen J, Ma LP, Fu ML, Svaninger D, Lundberg PA, Hammarsten O. Inflammation increases NT-proBNP and the
NT-proBNP/BNP ratio. Clin Res Cardiol 2010 Jul;99(7):445-452. [doi: 10.1007/s00392-010-0140-z] [Medline: 20229122]
Steinhart B, Thorpe KE, Bayoumi AM, Moe G, Januzzi JL, Mazer CD. Improving the diagnosis of acute heart failure using
a validated prediction model. J Am Coll Cardiol 2009 Oct 13;54(16):1515-1521. [doi: 10.1016/j.jacc.2009.05.065] [Medline:
19815122]
Conen D, Zeller A, Pfisterer M, Martina B. Usefulness of B-type natriuretic peptide and C-reactive protein in predicting
the presence or absence of left ventricular hypertrophy in patients with systemic hypertension. Am J Cardiol 2006 Jan
15;97(2):249-252. [doi: 10.1016/j.amjcard.2005.08.028] [Medline: 16442372]
Piotrowicz E, Baranowski R, Bilinska M, Stepnowska M, Piotrowska M, Wójcik A, et al. A new model of home-based
telemonitored cardiac rehabilitation in patients with heart failure: Effectiveness, quality of life, and adherence. Eur J Heart
Fail 2010 Feb;12(2):164-171. [doi: 10.1093/eurjhf/hfp181] [Medline: 20042423]
Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours: The CALO-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]
Michie S, Hyder N, Walia A, West R. Development of a taxonomy of behaviour change techniques used in individual
behavioural support for smoking cessation. Addict Behav 2011 Apr;36(4):315-319. [doi: 10.1016/j.addbeh.2010.11.016]
[Medline: 21215528]

http://www.researchprotocols.org/2014/1/e5/

XSL• FO
RenderX

Nolan et al

JMIR Res Protoc 2014 | vol. 3 | iss. 1 | e5 | p. 11
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
58.

59.
60.
61.
62.
63.
64.
65.

66.
67.
68.

69.

70.

71.

72.

73.
74.
75.

76.

77.
78.
79.

80.

81.

Liu S, Dunford SD, Leung YW, Brooks D, Thomas SG, Eysenbach G, et al. Reducing blood pressure with Internet-based
interventions: A meta-analysis. Can J Cardiol 2013 May;29(5):613-621. [doi: 10.1016/j.cjca.2013.02.007] [Medline:
23618507]
Miller WR, Rollnick S, Conforti K. Preparing people for change. In: Motivational interviewing, second edition. New York:
The Guilford Press; 2002.
Bandura A. Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, N.J: Prentice-Hall;
1986.
Marlatt GA. Maintenance strategies in the treatment of addictive behaviors. In: Donovan DG, editor. Relapse prevention,
second edition. New York: The Guilford Press; 2005.
Meichenbaum D, Turk DC. Facilitating treatment adherence: A practitioner's guidebook. New York: Plenum Press; 1987.
Miller WR, Rose GS. Toward a theory of motivational interviewing. Am Psychol 2009 Sep;64(6):527-537 [FREE Full
text] [doi: 10.1037/a0016830] [Medline: 19739882]
Prochaska JO, Norcross JC, DiClemente CC. A revolutionary six-stage program for overcoming bad habits and moving
your life positively forward. In: Changing for good. New York: Quill, c1994; 1995 printing.
Heckman CJ, Egleston BL, Hofmann MT. Efficacy of motivational interviewing for smoking cessation: A systematic
review and meta-analysis. Tob Control 2010 Oct;19(5):410-416 [FREE Full text] [doi: 10.1136/tc.2009.033175] [Medline:
20675688]
Hettema J, Steele J, Miller WR. Motivational interviewing. Annu Rev Clin Psychol 2005;1:91-111. [doi:
10.1146/annurev.clinpsy.1.102803.143833] [Medline: 17716083]
Rubak S, Sandbaek A, Lauritzen T, Christensen B. Motivational interviewing: A systematic review and meta-analysis. Br
J Gen Pract 2005 Apr;55(513):305-312 [FREE Full text] [Medline: 15826439]
Angus JE, Rukholm E, Michel I, Larocque S, Seto L, Lapum J, et al. Context and cardiovascular risk modification in two
regions of Ontario, Canada: A photo elicitation study. Int J Environ Res Public Health 2009 Sep;6(9):2481-2499 [FREE
Full text] [doi: 10.3390/ijerph6092481] [Medline: 19826558]
Grace SL, Barry-Bianchi S, Stewart DE, Rukholm E, Nolan RP. Physical activity behavior, motivational readiness and
self-efficacy among Ontarians with cardiovascular disease and diabetes. J Behav Med 2007 Feb;30(1):21-29. [doi:
10.1007/s10865-006-9080-5] [Medline: 17109217]
Inglis SC, Clark RA, McAlister FA, Ball J, Lewinter C, Cullington D, et al. Structured telephone support or telemonitoring
programmes for patients with chronic heart failure. Cochrane Database Syst Rev 2010(8):CD007228. [doi:
10.1002/14651858.CD007228.pub2] [Medline: 20687083]
Lear SA, Spinelli JJ, Linden W, Brozic A, Kiess M, Frohlich JJ, et al. The Extensive Lifestyle Management Intervention
(ELMI) after cardiac rehabilitation: A 4-year randomized controlled trial. Am Heart J 2006 Aug;152(2):333-339. [doi:
10.1016/j.ahj.2005.12.023] [Medline: 16875919]
Wister A, Loewen N, Kennedy-Symonds H, McGowan B, McCoy B, Singer J. One-year follow-up of a therapeutic lifestyle
intervention targeting cardiovascular disease risk. CMAJ 2007 Oct 9;177(8):859-865 [FREE Full text] [doi:
10.1503/cmaj.061059] [Medline: 17923653]
Cuijpers P, van Straten A, Andersson G. Internet-administered cognitive behavior therapy for health problems: A systematic
review. J Behav Med 2008 Apr;31(2):169-177 [FREE Full text] [doi: 10.1007/s10865-007-9144-1] [Medline: 18165893]
Brislin RW. Back-translation for cross-cultural research. Journal of Cross-Cultural Psychology 1970 Sep 01;1(3):185-216.
[doi: 10.1177/135910457000100301]
Subar AF, Thompson FE, Kipnis V, Midthune D, Hurwitz P, McNutt S, et al. Comparative validation of the Block, Willett,
and National Cancer Institute food frequency questionnaires: The Eating at America's Table Study. Am J Epidemiol 2001
Dec 15;154(12):1089-1099 [FREE Full text] [Medline: 11744511]
Tudor-Locke C, Burkett L, Reis JP, Ainsworth BE, Macera CA, Wilson DK. How many days of pedometer monitoring
predict weekly physical activity in adults? Prev Med 2005 Mar;40(3):293-298. [doi: 10.1016/j.ypmed.2004.06.003] [Medline:
15533542]
Kang M, Bassett DR, Barreira TV, Tudor-Locke C, Ainsworth BE. Measurement effects of seasonal and monthly variability
on pedometer-determined data. J Phys Act Health 2012 Mar;9(3):336-343. [Medline: 21934156]
Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The physical activity scale for the elderly (PASE): Evidence
for validity. J Clin Epidemiol 1999 Jul;52(7):643-651. [Medline: 10391658]
Forsén L, Loland NW, Vuillemin A, Chinapaw MJ, van Poppel MN, Mokkink LB, et al. Self-administered physical activity
questionnaires for the elderly: A systematic review of measurement properties. Sports Med 2010 Jul 1;40(7):601-623. [doi:
10.2165/11531350-000000000-00000] [Medline: 20545382]
Statistics Canada. Survey on living with chronic disease in Canada - respiratory version. Ottawa: Statistics Canada; 2011.
URL:http://www23.statcan.gc.ca/imdb/p2SV.
pl?Function=getSurvey&SurvId=38899&SurvVer=3&InstaId=38900&InstaVer=2&SDDS=5160&lang=en&db=imdb&adm=8&dis=2[WebCite
Cache ID 6MbSJIjZj]
Steiner JF, Prochazka AV. The assessment of refill compliance using pharmacy records: Methods, validity, and applications.
J Clin Epidemiol 1997 Jan;50(1):105-116. [Medline: 9048695]

http://www.researchprotocols.org/2014/1/e5/

XSL• FO
RenderX

Nolan et al

JMIR Res Protoc 2014 | vol. 3 | iss. 1 | e5 | p. 12
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
82.

83.
84.
85.

86.

87.

88.

89.
90.

91.
92.

93.

94.
95.

Nolan et al

Hammash MH, Hall LA, Lennie TA, Heo S, Chung ML, Lee KS, et al. Psychometrics of the PHQ-9 as a measure of
depressive symptoms in patients with heart failure. Eur J Cardiovasc Nurs 2013 Oct;12(5):446-453. [doi:
10.1177/1474515112468068] [Medline: 23263270]
Montori VM, Guyatt GH. Intention-to-treat principle. CMAJ 2001 Nov 13;165(10):1339-1341 [FREE Full text] [Medline:
11760981]
Lesage FX, Berjot S, Deschamps F. Psychometric properties of the French versions of the Perceived Stress Scale. Int J
Occup Med Environ Health 2012 Jun;25(2):178-184. [doi: 10.2478/S13382-012-0024-8] [Medline: 22528542]
ATS Committee on proficiency standards for clinical pulmonary function laboratories. ATS statement: Guidelines for the
six-minute walk test. Am J Respir Crit Care Med 2002 Jul 1;166(1):111-117. [doi: 10.1164/ajrccm.166.1.at1102] [Medline:
12091180]
Balashov K, Feldman DE, Savard S, Houde S, Frenette M, Ducharme A, et al. Percent predicted value for the 6-minute
walk test: Using norm-referenced equations to characterize severity in persons with CHF. J Card Fail 2008 Feb;14(1):75-81.
[doi: 10.1016/j.cardfail.2007.09.005] [Medline: 18226776]
Balady GJ, Arena R, Sietsema K, Myers J, Coke L, Fletcher GF, American Heart Association Exercise‚ Cardiac
Rehabilitation‚ Prevention Committee of the Council on Clinical Cardiology, Council on Epidemiology and Prevention,
Council on Peripheral Vascular Disease, Interdisciplinary Council on Quality of Care and Outcomes Research. Clinician's
guide to cardiopulmonary exercise testing in adults: A scientific statement from the American Heart Association. Circulation
2010 Jul 13;122(2):191-225 [FREE Full text] [doi: 10.1161/CIR.0b013e3181e52e69] [Medline: 20585013]
Flynn KE, Piña IL, Whellan DJ, Lin L, Blumenthal JA, Ellis SJ, HF-ACTION Investigators. Effects of exercise training
on health status in patients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA 2009 Apr
8;301(14):1451-1459 [FREE Full text] [doi: 10.1001/jama.2009.457] [Medline: 19351942]
Fonarow GC, Horwich TB. Combining natriuretic peptides and necrosis markers in determining prognosis in heart failure.
Rev Cardiovasc Med 2003;4 Suppl 4:S20-S28. [Medline: 14564225]
Gallacher K, May CR, Montori VM, Mair FS. Understanding patients' experiences of treatment burden in chronic heart
failure using normalization process theory. Ann Fam Med 2011;9(3):235-243 [FREE Full text] [doi: 10.1370/afm.1249]
[Medline: 21555751]
Keteyian SJ. Exercise training in congestive heart failure: Risks and benefits. Prog Cardiovasc Dis 2011;53(6):419-428.
[doi: 10.1016/j.pcad.2011.02.005] [Medline: 21545928]
O'Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, HF-ACTION Investigators. Efficacy and safety of
exercise training in patients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA 2009 Apr
8;301(14):1439-1450 [FREE Full text] [doi: 10.1001/jama.2009.454] [Medline: 19351941]
Blumenthal JA, Babyak MA, O'Connor C, Keteyian S, Landzberg J, Howlett J, et al. Effects of exercise training on depressive
symptoms in patients with chronic heart failure: The HF-ACTION randomized trial. JAMA 2012 Aug 1;308(5):465-474.
[doi: 10.1001/jama.2012.8720] [Medline: 22851113]
Verbeke G, Molenberghs G. Linear mixed models for longitudinal data (Springer series in statistics). New York: Springer;
2000.
Clarke M, Shah A, Sharma U. Systematic review of studies on telemonitoring of patients with congestive heart failure: A
meta-analysis. J Telemed Telecare 2011;17(1):7-14. [doi: 10.1258/jtt.2010.100113] [Medline: 21097564]

Abbreviations
6MWT: 6-minute walk test
BNP: brain natriuretic peptide
CHF: chronic heart failure
CHF-CePPORT: Canadian e-Platform to Promote Behavioral Self-Management in Chronic Heart Failure
COHRT: Community Outreach Heart Health and Risk Reduction Trial
CONSORT: Consolidated Standards of Reporting Trials
DHQ II: Diet History Questionnaire II
ECG: electrocardiography
GAD-7: generalized anxiety disorder
GMM: generalized mixed model
HF-ACTION: Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training
hsCRP: high sensitivity C-reactive protein
IQR: interquartile range
I-START: Internet-Based Strategic Transdisciplinary Approach to Risk Reduction and Treatment
KCCQ: Kansas City Cardiomyopathy Questionnaire
LMM: linear mixed models
LVEF: left ventricular ejection fraction
MI: motivational interviewing
http://www.researchprotocols.org/2014/1/e5/

XSL• FO
RenderX

JMIR Res Protoc 2014 | vol. 3 | iss. 1 | e5 | p. 13
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Nolan et al

MPR: medication possession ratio
NT-proBNP: N-terminal pro-brain natriuretic peptide
NYHA: New York Heart Association
PASE: Physical Activity Scale for the Elderly
PHQ-9: Patient Health Questionnaire
PSS: Perceived Stress Scale
REACH: Promotes Blood Pressure Reduction and Therapeutic Lifestyle Change in Hypertension
RR: relative risk
SHFM: Seattle Heart Failure Model
UHN: University Health Network

Edited by G Eysenbach; submitted 13.09.13; peer-reviewed by S Inglis, CJ( Wu; comments to author 22.10.13; revised version received
18.11.13; accepted 22.11.13; published 30.01.14
Please cite as:
Nolan RP, Payne AYM, Ross H, White M, D'Antono B, Chan S, Barr SI, Gwadry-Sridhar F, Nigam A, Perreault S, Farkouh M,
McDonald M, Goodman J, Thomas S, Zieroth S, Isaac D, Oh P, Rajda M, Chen M, Eysenbach G, Liu S, Zbib A
An Internet-Based Counseling Intervention With Email Reminders that Promotes Self-Care in Adults With Chronic Heart Failure:
Randomized Controlled Trial Protocol
JMIR Res Protoc 2014;3(1):e5
URL: http://www.researchprotocols.org/2014/1/e5/
doi: 10.2196/resprot.2957
PMID: 24480783

©Robert P Nolan, Ada YM Payne, Heather Ross, Michel White, Bianca D'Antono, Sammy Chan, Susan I Barr, Femida
Gwadry-Sridhar, Anil Nigam, Sylvie Perreault, Michael Farkouh, Michael McDonald, Jack Goodman, Scott Thomas, Shelley
Zieroth, Debra Isaac, Paul Oh, Miroslaw Rajda, Maggie Chen, Gunther Eysenbach, Sam Liu, Ahmad Zbib. Originally published
in JMIR Research Protocols (http://www.researchprotocols.org), 30.01.2014. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org,
as well as this copyright and license information must be included.

http://www.researchprotocols.org/2014/1/e5/

XSL• FO
RenderX

JMIR Res Protoc 2014 | vol. 3 | iss. 1 | e5 | p. 14
(page number not for citation purposes)

