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Abstract
Background—Coping Effectively with Heart Failure (COPE-HF) is an ongoing randomized
clinical trial funded by the National Institutes of Health to evaluate if a Coping Skills Training
(CST) intervention will result in improved health status and quality of life as well as reduced
mortality and hospitalizations compared to a Heart Failure Education (HFE) intervention.

Methods—Two hundred heart failure (HF) patients recruited from Duke University Medical
Center and the University of North Carolina Hospital systems will be randomized to a CST
intervention (16 weekly, 30 minute telephone counselling sessions including motivational
interviewing and individually tailored cognitive behavioral therapy) or to an HFE intervention (16
weekly, 30 minute telephone sessions including education and symptom monitoring). Primary
outcomes will include post-intervention effects on HF biomarkers (B-Type naturetic peptide,
ejection fraction) and quality of life, as well as long-term clinical outcomes (hospitalizations and
death). Secondary analyses will include an evaluation of treatment effects across subpopulations,
and potential mechanisms by which CST may improve clinical outcomes.

Conclusions—COPE-HF is a proof-of-concept study that should provide important insights into
the health benefits of a CST intervention designed to enhance HF self-management, improve
health behaviors, and reduce psychological distress.
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Introduction
Approximately 5.8 million Americans suffer from heart failure (HF)1 and it is the only
major cardiovascular disease that is increasing in prevalence.2 Symptom instability and
clinical deterioration frequently lead to hospitalization for the HF patient with associated
annual direct and indirect costs in excess of $39 billion.1,3

Despite intensive medical therapy, HF symptoms including dyspnea, fatigue, and lower-limb
swelling, are highly prevalent and burdensome, profoundly limiting daily activities and
greatly diminishing quality of life (QoL).4 Depression also is very common in HF; a meta-
analysis reported prevalence estimates ranging from 20.3% (when depression was classified
by a clinical interview, a formal depression diagnosis, and/or a moderate to severe
depression score on a depression symptom inventory) to 35.5% (when mild depression or
depressive symptoms were evaluated by lower cutoff scores on validated questionnaires).5
Depression is associated with an increased risk of adverse outcomes for patients with
established HF6 and although depression in HF patients is related to disease severity, the
impact of depression on adverse clinical outcomes has been shown to be independent of HF
disease biomarkers, including B-Type natriuretic peptide (BNP), left ventricle ejection
fraction (LVEF), and other established risk factors.7 These findings underscore the need for
intervention programs that may help reduce distress and depression and thereby improve
both QoL and clinical outcomes in HF patients.8

Non-adherence to prescribed disease management therapies including medications, and
dietary and fluid recommendations are contributing factors to hospital re-admissions.9-10

Several studies have demonstrated that HF disease management programs may prolong
event-free survival, decrease the number of hospital admissions and improve QoL.11-13

Other effective interventions have included telemonitoring, incorporating electronic
weighing scales and blood pressure monitors in addition to regular telephone calls.14-16 In
addition, weekly monitoring calls have been shown to improve clinical outcomes, reduce
hospitalizations and improve QoL.17-18 Because telephone-based interventions have been
found to be both effective and inexpensive to deliver, there is a need to further develop and
refine these approaches.19

Coping skills training (CST) is a cognitive-behavioral approach to disease self-management
that retrains maladaptive coping styles into more constructive behaviors, facilitates
compliance with medical treatment recommendations, and improves psychological well-
being.20 Research studies evaluating the enhancement of established monitoring/education
programs with behavioral treatment programs have shown that for other chronic diseases,
including diabetes, coronary heart disease and end-stage lung disease, CST interventions
enhance self-management and improve patient health and QoL.21-25 Because HF is a
chronic disease that not only necessitates rigorous medical self-management, but in addition
has a broad impact on both physical and psychological functioning, the CST approach to
disease management has the potential to improve both health and well-being in HF patients
(Figure 1). However, the CST approach to disease management has not been studied
systematically in patients with HF.

Coping Effectively with Heart Failure (COPE-HF; www.clinicaltrials.gov NCT00873418) is
a randomized clinical trial designed to evaluate the hypothesis that a CST intervention,
tailored to address the unique challenges faced by patients with HF, will result in improved
health status, QoL, and long-term clinical outcomes compared with a Heart Failure
Education (HFE) intervention. Outcome measures include post-intervention improvements
in: 1) HF disease severity biomarkers; 2) QoL and; 3) health outcomes (mortality or
hospitalization) over a 3-year median follow-up period. Secondary objectives will assess the
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extent to which treatment-related changes in HF disease severity biomarkers and QoL are
associated with long-term clinical outcomes and whether the behavioral pathways targeted
by the CST intervention explain treatment-related improvements in health status and clinical
outcomes.

Methods
Participant Eligibility

The COPE-HF trial will consist of 200 HF out-patients recruited from the HF program
clinics at Duke University Medical Center (DUMC) and the University of North Carolina
(UNC) Hospital system. Eligibility criteria include men and women aged 18 or older; with
New York Heart Association (NYHA) Class II-IV HF of at least 3-months duration; LVEF
≤ 40% by left ventricular angiography, nuclear wall motion study, or echocardiography,
within 6 months of study enrolment; and undergoing treatment with a stable medication
regimen. Exclusion criteria include acute myocardial infarction (AMI), percutaneous
transluminal coronary angioplasty (PCTA), coronary artery bypass graft surgery (CABG), or
hospitalization for HF within the past 3 months; HF due to a correctable cause or condition
such as uncorrected primary valvular disease; alcohol or drug abuse within 12 months;
illnesses such as malignancies that are associated with a life-expectancy of <12 months;
pregnancy; psychosis; or inability to provide informed consent. There will be active
recruitment of women and minorities, aiming for least 40% women and 30% minorities. We
will document de-identified characteristics, (including gender, age, ethnicity, LVEF, BNP,
NYHA class, creatinine) of eligible patients who choose not participate in the study. The
protocol has been approved by the Institutional Review Boards at DUMC and the UNC
School of Medicine. All eligible individuals will provide written informed consent prior to
participation.

Study Design
COPE-HF is a randomized clinical trial in which 200 men and women with HF will be
randomized in a 1:1 ratio to either Coping Skills Training (CST) or Heart Failure Education
(HFE), after completing baseline assessments. A conditional randomization procedure
(PROC PLAN in SAS 9.2) will be used to stratify participants on etiology of HF (ischemic
versus non-ischemic) and age (<60 years versus ≥ 60 years). A schematic of the study
design is displayed in Figure 2.

Interventions
Coping Skills Training (CST) Intervention—The CST interventionist will provide
participants with 16 weekly, 30-minute phone calls. This approach will consist of cognitive
behavioral techniques patterned after our previous studies of lung transplant21 and
cardiac25-27 patients, with individually tailored cognitive-behavioral techniques to enhance
coping skills, together with a motivational interviewing (MI) approach to enhance adherence
to prescribed medical therapies. The central elements of the CST intervention will consist
of: 1) education about HF, stress, and health; 2) enhancing adherence to prescribed medical
therapies (e.g., diet, physical activity, and medications; 3) reflective listening; 4) cognitive
restructuring; 5) instruction in specific coping techniques (e.g., relaxation training, problem-
solving, pacing of physical activity, calming self-statements); 6) change talk; and 7)
maintenance and generalization.

Heart Failure Education (HFE) Intervention—Participants randomized to HFE will
receive 16 weekly, 30 minute phone calls, from the HFE interventionist, providing
information regarding HF health behaviors, including symptom monitoring, importance of
daily weighing, compliance with medications, physical activity, and avoidance of dietary
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sodium. In addition to representing an education-based intervention, the HFE represents an
intervention arm that controls for weekly telephone contact and provides an appropriate
reference for evaluating the potential benefits of the CST intervention.

Equipose
Because the CST intervention includes components of the HFE intervention (HF disease
education, symptom monitoring, compliance with medical recommendations) that have been
shown to improve clinical outcomes,15, 19 we felt that adopting Usual Care as a control
condition would not uphold the RCT principle of equipoise. The inclusion of HFE and CST
interventions will achieve equipoise in that both arms of the RCT include elements of
established efficacy. It is reasonable to expect that both interventions be perceived by
patients as valuable extensions of their medical care.

The study is designed to evaluate the hypothesis that the unique aspects of CST (CBT, MI)
will have a specific advantage for patients beyond that of the HFE intervention. Therefore,
the HFE intervention will also provide a more rigorous and informative test of the value of
CST, than would result from a Usual Care control group.

Treatment Fidelity
A number of steps will be taken to ensure that the treatment protocols are uniform and that
interventionists follow the treatment protocols in a consistent manner. These include
interventionist training, use of a detailed treatment outline, audio-taping of sessions and
ongoing supervision, and assessments of treatment adherence and interventionist
competence.

Ongoing Medical Care
All study participants in the DUMC and UNC HF program clinics will continue with their
regular medical care. All patients will be followed by their cardiologists, in an ongoing
fashion, who will manage any episodes of escalating symptoms or disease progression.

Assessments of HF Biomarkers, Functional Status and Health Behaviors
Participants will be assessed at baseline and again immediately following completion of the
16 week intervention, or after 6 months, whichever comes first. All assessors will be blinded
to the intervention to which participants had been randomized.

Echocardiography—Two-dimensional images with harmonic imaging, pulsed and
continuous wave Doppler tracings, color flow Doppler images, and tissue Doppler tracings
will be obtained from standard parasternal and apical views. The following indices of left
ventricular (LV) size and function and left atrial size will be measured: 1) LVEF will be
determined using the biplane Simpson’s rule from apical 4-chamber and 2-chamber images
of the heart;28 2) LV end-diastolic volume will be determined by the biplane Simpson’s rule,
as described above;28 3) LV filling pressure will be derived from the ratio of early
transmitral Doppler flow velocity to the early diastolic mitral annular velocity measured by
tissue Doppler;29 4) left atrial volume will be estimated by using the biplane area-length
formula;28 and 5) mitral regurgitation severity will be quantified as the effective regurgitant
orifice area using the PISA method.30

Blood Biomarkers—Following overnight fasting, blood will be collected from an
antecubital vein. Samples will be placed on ice, cold-centrifuged at 1000 X g for 10 min.
The resulting plasma will be frozen and maintained at −80°C until assay. B-type natriuretic
peptide (BNP) measurements will be performed within 4 hours of thawing using an
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immunochemiluminometric assay (ICMA). Blood samples also will be used to determine
high-sensitivity C-Reactive Protein (hsCRP; rate nephelometry), troponin I (ICMA), fasting
lipids (automated enzymatic assay), creatinine (visible endpoint reflectance), hemoglobin
and hematocrit (colorimetric and electronic impedance).

Brachial Artery Flow-mediated Dilation (FMD)—Impaired FMD has been shown to
predict adverse clinical outcomes, including mortality in HF patients.31 Our technique32 for
assessing FMD follows procedures first described by Celermajer et al.,33 and conforms to
current standards established by committee guidelines published in 2002.34 Longitudinal B-
mode ultrasound images of the brachial artery, 4-6 cm proximal to the antecubital crease,
will be obtained using an Acuson Aspen (Mountain View, California) ultrasound platform
with an 11 MHz linear array transducer. All images will be obtained by the same
sonographer (blinded to treatment) under the following conditions: 1) after 10 min of supine
relaxation; 2) during reactive hyperemia, induced following inflation for 5-minutes to supra-
systolic pressure (~200 mmHg) of a pneumatic occlusion cuff placed around the forearm.
End-diastolic images will be stored and arterial diameters measured as the distance between
the proximal and distal arterial wall intima-media interfaces using PC-based software
(Brachial Analyzer - Version 5.0, Medical Imaging Applications LLC, Iowa City, Iowa).
Peak FMD response will be assessed from 10-120 seconds post-deflation of the cuff, with
peak arterial diameter quantified using polynomial curve fitting, and FMD defined as the
maximum percent change in arterial diameter relative to resting baseline.

24-hour Heart Rate Variability (HRV)—Participants will be instrumented with a
DelMar-Reynolds Holter ambulatory ECG recorder to wear for 24 hours while engaging in
their normal pattern of activity. The Pathfinder three-channel ECG analyzer (DelMar-
Reynolds Medical, Irvine, California, USA) will be used to scan the tapes using standard
Holter analysis procedures. The labelled beat-to-beat file will then be processed using the
DelMar HRV analysis software. HRV will be estimated from the standard deviation of all
normal R-R intervals (SDNN).

24-hour Urinary Catecholamines and Electrolytes—Urine will be collected over a
24-hour period and kept cold by storage in a portable cooler. Samples will be assayed for
norepinephrine, epinephrine (liquid chromatography/tandem mass spectrometry), sodium,
potassium (flame photometry) and creatinine (kinetic).

6-Minute Walk—The primary measure of functional capacity will be the 6-minute walk
test, performed per American Thoracic Society standards,35 at baseline and again post-
intervention.

Daily Physical Activity—Routine daily physical activity will be recorded in 1-minute
epochs using an accelerometer (Actiwatch®-64, Mini Mitter Co., Inc., Bend, Oregon) worn
on the wrist of the non-dominant arm for 24-hours prior to randomization and again for 24-
hours immediately following post-intervention. In addition, participants will complete the
Physical Activity Recall (PAR) self-report scale at baseline and post-intervention.36

Medication Adherence—The Medication Event Monitoring System (or MEMS®) bottle
cap will be used to monitor medication adherence for 10 days at baseline and again for two
weeks immediately post-intervention. The MEMs bottle cap registers each time the
medication bottle cap is opened and closed. In addition, the Morisky Medication Adherence
Scale (MMAS),37 a self-report scale of medication adherence, will be administered at
baseline and post-intervention.
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Dietary Sodium Intake—Patients will complete a 24-hour standardized dietary recall
with a nutritionist to assess nutrient composition and compliance with dietary
recommendations. In addition, 24-hour urine sodium and potassium excretion will be
determined by assaying an aliquot of a 24-hour urine sample, providing an objective
measurement of sodium and potassium intake.38

Psychosocial Functioning and QoL—A battery of validated psychometric instruments
will be completed at baseline and post-intervention to measure QoL (Medical Outcomes
Survey, Short Form-36; SF-3639, Kansas City Cardiomyopathy Questionnaire; KCCQ40),
depression (Beck Depression Inventory; BDI-II41,42), anxiety (State-Trait Anxiety
Inventory; STAI43), self-care of HF (Self-Care of Heart Failure Index; SCHFI44), stress
(Perceived Stress Scale; PSS45), social support (Perceived Social Support Scale; PSSS 46),
coping (COPE Inventory 47), and attitudes about impairment (Attitudes About Impairment
instrument; AAI48).

Statistical Analysis
Treatment Effect on Primary Outcomes—The effect of treatment on HF disease
severity biomarkers and QoL outcomes will be assessed immediately following the 16-week
intervention using the global rank score procedure recommended by O’Brien49 for multiple
endpoints. The O’Brien procedure was chosen because global procedures have been shown
to be more powerful than corrected individual tests.49-51 The O’Brien procedure will be
more powerful than individual tests with Bonferroni correction for which at least some
endpoints will exhibit at least a moderate treatment effect in the expected direction, and no
other endpoints will show a response in the unexpected direction (in contrast to where at
least one endpoint needs to have a very strong treatment effect in the expected direction).51

The general approach is to combine the multiple endpoints into a global score for each
domain of interest. Before combining them, the scales of the separate endpoints are made
commensurate by transforming each score into ranks. For each endpoint, the entire sample
will be rank ordered. For example, plasma BNP will be ranked in ascending order and
LVEF, HRV and brachial artery FMD will be ranked in descending order. We will create
separate global scores for HF disease severity biomarkers and QoL for each patient by
averaging the ranks of their corresponding individual components. The global HF disease
severity biomarkers score will be comprised of the following measures: plasma BNP, LVEF,
HRV, and brachial artery FMD. The global QoL score will include the 6-minute walk,
KCCQ, BDI-II, COPE, and AAI. Primary hypotheses will be tested by comparing the
distributions of the residualized global scores in each group using the procedure described
by Stokes et al.52 Secondary analyses will examine the individual endpoints (i.e., the
components of the global scores) using a non-parametric analysis of covariance method.53

These analyses will offer an indication of whether particular components were especially
responsive to the intervention.

Treatment Effect on Clinical Outcomes—Our proposed composite clinical endpoint is
the time to death or first hospitalization (whichever occurs first) within a median period of 3
years from baseline assessments. Hospitalizations will be categorized as “cardiovascular”
(including worsening HF, AMI, stroke, transient ischemic attack, heart transplant, valve
replacement, CABG, angiogram/PCTA, arrhythmia, defibrillator and/or pacemaker implant,
revascularization, amputation), “non-cardiovascular” (including major and minor surgeries,
infectious diseases), and “emergency room” visits. Documentation of patient mortality will
include verification through the acquisition of hospital and Emergency Medical Services
records. Medical services records will be reviewed at semi-annual cause-of-death (COD)
committee meetings, whereby COD will be established by consensus and categorized as
sudden cardiac death, progressive heart failure, MI, stroke, TIA, or non-cardiovascular.
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Because of sample size limitations, the Cox proportional hazards model will be used to
evaluate the effect of treatment on the composite endpoint of time to all-cause death or first
all-cause hospitalization. However, for completeness, we also will perform and report
parallel analyses focusing on time to death or first hospitalization due to cardiovascular
causes. Participants who have not died or who have not been hospitalized during the study
follow-up period will be considered censored cases, using time of last contact as the
censoring time. The model will include the binary treatment indicator, along with age,
gender, baseline medication adherence, BNP, LVEF, and HF etiology. In addition to
examining the standard regression assumptions, assumptions specific to the Cox model will
be assessed using techniques suggested by Schoenfeld.54 We will use Harrell’s Design and
Hmisc libraries55 in the R software package (http://cran.r-project.org) to conduct these
analyses.

Power—With respect to the global HF severity and QoL scores, we estimated power
assuming an attrition rate of about 20%, multiple imputation for missing data, and two-sided
tests. For the global rank outcomes, we define treatment effect size as the difference
between the treatment and control groups divided by the pooled standard deviation. Given
the relatively novel nature of the present study, little prior information is available regarding
effect size estimates for the proposed treatment on these endpoints. Moreover, the practice
of using prior data to estimate power has become controversial, with critics arguing that
small pilot studies offer potentially misleading effect size estimates, making a poor basis for
power estimation.56 We take the view that a better approach to power estimation is to
identify an effect size that would be considered clinically or substantively meaningful (see,
for example, Lenth57). We identified an effect size of about a half-standard deviation as
clinically meaningful for the global composite. Since the power for the composite is at least
the magnitude of the corrected tests of the individual components, we examined whether a
half standard deviation would be considered a substantively meaningful effect and also
whether a change of this magnitude would be feasible. A .5 SD difference has been shown
to be clinically meaningful for BNP,58-59 LVEF,60 FMD,61 BDI,62 and the STAI.63 In
addition, a .5 SD effect has been shown to be feasible for BNP,64-65 FMD,66-67 EF,68 BDI,
64, 69 and anxiety.70 For the test of a given global index, when alpha is .05, for its proof-of-
concept, we estimate that 100 patients in each treatment arm will yield power of about .90 to
detect a treatment effect size of about .50. Power for the Cox regression model was
estimated assuming an event rate of 70% in the control group, 42 months for patient accrual,
a median follow-up time of 36 months and a minimum follow-up time of 15 months. At
alpha = .05, for its proof-of-concept, with 100 patients in each group we will have power of
about .90 to detect a hazard ratio of 0.50. For a global index or time to event that achieves
proof-of-concept, a more stringent assessment will be made at an overall alpha = .05 through
formal statistical significance at alpha = .01 for each of the two global indices, and alpha = .
03 for time to event.

Conclusions
Disease self-management is gaining increased recognition as a necessary adjunct to the
medical treatment of chronic disease, and serves both to optimize patient health and contain
health care expenditures. While approaches to disease self-management are typically
educational, it has become evident that the provision of knowledge is insufficient by itself to
change behavior. The CST intervention in COPE-HF employs state-of-the-art self-
management techniques to enhance adherence to medications and lifestyle behaviors (e.g.,
diet and physical activity), as well as to improve coping skills aimed at reducing distress and
improving QoL. COPE-HF is a proof-of-concept randomized clinical trial comparing a
telephone-based CST intervention with a HFE intervention. COPE-HF is designed to assess
clinical efficacy in terms of hospitalization and mortality, and includes comprehensive pre-
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and post-treatment evaluations of HF biomarkers, functional status, and QoL measures, as
well as recording health behaviors targeted by the interventions. In the context of existing
knowledge, this design offers a prudent approach to evaluating optimal strategies for
enhancing HF self-management.
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Figure 1.
Conceptual model of coping skills training’s effects on psychological well-being, improving
health behaviors and heart failure (HF) disease, and promoting better clinical outcomes.
QoL = quality of life; ↑ = increasing; ↓ = reducing.
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Figure 2.
Study Design Overview
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