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Abstract

Background Exercise is safe and provides considerable
benefits for patients with heart failure (HF) including im-
proved function, quality of life, and symptoms. However,
patients with HF have difficulty initiating and adhering
to an exercise regimen. To improve adherence, our
team developed Heart Failure Exercise and Resistance
Training (HEART) Camp, a multicomponent, theory-
driven intervention that was efficacious in a randomized
controlled trial of long-term adherence to exercise in pa-
tients with HF. Identifying active components of effica-
cious interventions is a priority.

Purpose The purpose of this study is to use mediation
analysis to determine which interventional components
accounted for long-term adherence to exercise in pa-
tients with HF.

Methods This study included 204 patients with HF en-
rolled in a randomized controlled trial. Instruments
measuring interventional components were completed
at baseline, 6, 12, and 18 months. Hierarchical linear
models generated slope estimates to be used as predictors
in logistic regression models. Significant variables were
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tested for indirect effects using path analyses with 1,000
bootstrapped estimates.

Results Significant mediation effects were observed
for the interventional components of negative atti-
tudes (B, = 0.368, s.e. = 0.062, p < .001), self-efficacy
(Bge = 0.190, s.e. = 0.047, p < .001), and relapse manage-
ment (B,,, = 0.243, s.e. = 0.076, p = .001).

Conclusions These findings highlight improving atti-
tudes, self-efficacy, and managing relapse as key inter-
ventional components to improve long-term adherence
to exercise in patients with HF. Future interventions
targeting adherence to exercise in patients with HF and
other chronic illnesses should consider the incorporation
of these active components.

Keywords: Heart failure - Exercise - adherence -
Mediation analysis - Training

Introduction

The U.S. Department of Health and Human Service’s
Physical Activity Guidelines for Americans recommends
the incorporation of regular exercise into the lives of
all adults, including those with existing chronic condi-
tions [1]. The 2013 American College of Cardiology
Foundation/American Heart Association Guideline for
the Management of Heart Failure specifically recommends
exercise training or regular physical activity as safe and ef-
fective for patients with heart failure (HF) [2]. Established
health benefits of exercise in patients with HF include im-
provements in functional capacity, health-related quality
of life, hospitalizations, and mortality [3-6].

Despite these known benefits, patients with HF
have low rates of exercise initiation and difficulty with
long-term adherence to exercise programs. Patients with
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HF experience troublesome symptoms including short-
ness of breath and fatigue that may be exacerbated by ex-
ercise. Exercise intolerance is common and patients with
HF describe fear of exercise, lack of knowledge, and lack
of self-efficacy in choosing an exercise program appro-
priate to their health status as barriers to adhering to an
exercise program [7-9]. Interventions to promote adher-
ence to regular exercise in patients with HF are limited
[10]. Long-term adherence has been a challenge in the
HF population in part because the course of the disease
includes periods of exacerbation where exercise may not
be tolerated followed by stabilization. To address these
barriers, our team developed a multicomponent exer-
cise intervention (Heart Failure Exercise and Resistance
Training [HEART] Camp) based on social-cognitive and
behavioral strategies that are supported in the literature.

Effective strategies that have been used to change ex-
ercise behavior in the general population include goal
setting [11, 12], self-monitoring [13-16], frequent and
prolonged contact [17-19], feedback and reinforcement
[11, 12, 18, 20], self-efficacy enhancement [11, 15, 20],
modeling [21], and problem solving and relapse pre-
vention [12, 13, 22, 23]. This literature emphasizes that
effective strategies for exercise behavior include both
social-cognitive aspects (e.g., self-efficacy enhancement,
modeling, and frequent and prolonged contact) as well
as behavioral aspects (e.g., goal setting and feedback,
self-monitoring, problem solving, and relapse preven-
tion). The components of the HEART Camp inter-
vention are targeted to improve knowledge, attitudes,
self-efficacy, self-regulation, and social support for
achieving long-term adherence to the recommended ex-
ercise guidelines for community-dwelling patients with
stable HF. These components were selected with influ-
ence from Bandura’s social cognitive theory, the model
of future-oriented motivation and self-regulation pro-
posed by Miller and Brinkman [24], existing behavior
intervention literature, and our prior experience with this
intervention in the HF population. Miller and Brinkman
expand aspects of social cognitive theory to the context
of future goals and long-term behavior change [24].

Knowledge has been shown to drive adherence to
other behavioral strategies in HF including medication
adherence and self-management. According to Bandura
[25], knowledge is a necessary component for problem
solving and building self-efficacy. Arming patients with
knowledge of the nuances of exercising with HF is key to
preventing relapse after an acute HF event.

Attitudes toward exercise are important to initiating
and sustaining an exercise program over time. Previous
studies have shown that cardiac patients with a past his-
tory of exercise behaviors and positive attitudes toward
exercise were more likely than those with a negative ex-
ercise history to adhere to exercise [26]. Furthermore, a
negative emotional response to exercise was found in a

qualitative study to adversely influence physical activity
behaviors [27] in patients with HF.

Self-regulation, including self-monitoring, of health
behaviors has been shown to be effective at increasing
physical activity in patients with cardiovascular disease
[28]. Goal-setting, individualized plans, and relapse man-
agement are key areas of self-regulation to be addressed
in exercise interventions [29] and were each incorporated
into the HEART Camp intervention [29].

Self-efficacy, or the confidence to complete a task or
behavior, is widely incorporated into behavioral inter-
ventions as a foundational tenet for behavior change
[25]. Self-efficacy is recognized as an important predictor
of adherence to exercise and physical activity in healthy
and chronically ill adults [30-33]. Interventions to im-
prove adherence to self-care have shown self-efficacy to
significantly improve behavioral outcomes in patients
with cardiovascular disease [34].

The influence of socialization on behavior is uniquely
emphasized by social cognitive theory. Social support
has been shown to increase the efficacy of exercise inter-
ventions across chronic illness populations [29]. In a sys-
tematic review of qualitative literature, encouragement
and support from friends and family was positively asso-
ciated with activity levels [27]. All of these components
were incorporated into the HEART Camp intervention
to help patients with HF adhere to exercise long-term.

The HEART Camp intervention was tested for effi-
cacy in a 2-group, 18 month randomized controlled trial
(RCT) of patients with HF [35]. This trial was efficacious
with more subjects in HEART Camp intervention group
adhering to exercise at 18 months compared to enhanced
usual care. Detailed descriptions of the trial protocol
[36] and primary and secondary study outcomes [35,
37] have been published previously. The trial, registered
at clinicaltrials.gov (NCT01658670), was designed with
quantitative measures of each interventional component
and a specific aim to test mediation effects and deter-
mine active components of the HEART Camp interven-
tion. The primary outcome of the HEART Camp study
was long-term adherence to exercise. Adherence was
defined as participation in 80% of the goal of 150 min
of moderate intensity exercise per week. At 18 months,
35.2% of the intervention group was adherent compared
to 19.3% of the control group. Cohen’s 4 (difference in
arcsine transformations) was 0.36 indicating a moderate
effect size for the primary outcome of adherence.

To date, there is no known published research fo-
cused on identifying interventional components that
contribute to long-term adherence to exercise in pa-
tients with HF. Therefore, the purpose of this study
was to examine the influence of interventional com-
ponents of HEART Camp on long-term adherence to
exercise in patients with HF enrolled in a RCT using
mediation analysis. We hypothesized that knowledge,
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attitudes, self-efficacy, self-regulation, and social sup-
port would significantly mediate the effect of HEART
Camp on long-term adherence to exercise in patients
with HE.

Methods

This study tested the mediation effects of interventional
components on long-term adherence to exercise in parti-
cipants enrolled in a 2-group, 18-month RCT.

Design

In brief, this multi-site RCT utilized a prospective, two-
group, repeated measures design. All participants were
required to undergo cardiopulmonary stress testing prior
to exercise and a minimum of six supervised training
sessions in a cardiac rehabilitation setting. Participants
were then randomized to the intervention group or an
enhanced usual care group after assuring safety to exer-
cise and an exercise orientation in cardiac rehabilitation.
Both groups received paid access to an exercise facility
for the entire 18 months of the study. The intervention
group also received support from an exercise coach that
was tapered over the 18 months. Data were collected at
baseline, 6, 12, and 18 months. The study model as ori-
ginally published will be shown in Fig. 1 with permission
from the publisher.

Sample

Participants (N = 204) were enrolled by trained re-
search assistants from two urban medical centers in
two Midwestern states after approval from institu-
tional review boards for all sites. Table 1 shows in-
clusion/exclusion criteria. Participants that reported
current or past exercise in the prior 6 months of 3 or

more times per week were excluded. All participants
documented written informed consent. Screening and
randomization details have been published previously
[36].

HEART Camp Intervention

The intervention incorporated five theoretically
driven components: knowledge, attitudes, self-efficacy,
self-regulation, and social support, based on Social
Cognitive Theory [25] and Miller and Brickman’s
model of Future-Oriented Motivation and Self-
Regulation [24]. These components are described in
more detail below and were incorporated throughout
three interventional phases that were selected based
on our prior work [35, 38-40] including adoption
(0-6 months), transition (7-12 months), and main-
tenance (13-18 months). During the adoption phase,
participants received educational training that focused
on HF pathophysiology, exercise and HF, nutrition,
medications and exercise, and attitudes about exercise.
Participants also met individually with an exercise
coach weekly by phone during the adoption and tran-
sition phases to review participants’ exercise diaries,
and further reinforce strategies for self-regulation of
exercise, relapse prevention, and exercise goal setting.
In the maintenance phase, participants continued to
submit diaries to exercise coaches on a weekly basis.
Exercise coaches contacted any participants who did
not submit an exercise diary for the week.

Intervention Components and Measurement Tools

Demographics and clinical characteristics

Self-reported demographic information was collected at
baseline from each subject including age, race, sex, and
marital status. Baseline clinical variables extracted from
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Fig. 1. Study model. Study model was previously published by BMC in Pozehl BJ, Duncan K, Hertzog M, et al. Study of adher-
ence to exercise in heart failure: the HEART camp trial protocol. BMC Cardiovasc Disord. 2014;14:172. Published 2014 Nov 29.
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Table 1. Study Inclusion/Exclusion Criteria

Inclusion criteria

Exclusion criteria

HF with preserved or reduced ejection fraction
confirmed with echocardiography and clinical
evaluation

Adults, 19 years of age or older®
Able to speak and read English
Telephone access

Stable, guideline-directed pharmacologic therapy for
>30 subsequent days

Evidence of decompensated HF

Unstable angina
MI, CABG, or biventricular pacemaker implantation in previous 6 weeks
Any orthopedic or neuromuscular disorder that would preclude participation

Current participation in an exercise program 3 or more times per week in the
previous 8 weeks

CPX results that precluded safe exercise

Plans to move >50 miles from the exercise site in the subsequent year

VO

2peak

in women >21 ml/kg'/min! or in men >24 ml/kg™'/min”"

Current or planned pregnancy

CABG coronary artery bypass graft; CPX cardiopulmonary stress test; M1 myocardial infarction; VO, 0 peak oxygen uptake.

# Nineteen years of age is the age of majority in one of the states of data collection.

the medical record included left ventricular ejection frac-
tion (LVEF), type of HF (preserved vs. reduced LVEF),
New York Heart Association (NYHA) functional class
and medications. NYHA functional classes were devel-
oped in the 1960s by the Criteria Committee of the New
York Heart Association as a tool for categorizing func-
tional limitations in patients with HF. NYHA Class I is
assigned to those without functional limitations, NYHA
Class II includes those with slight physical function limi-
tation, but some shortness of breath is noted with ex-
ercise. NYHA Class III patients experience significant
limitations in function and experience exercise intoler-
ance with activities. Lastly, NYHA Class IV corresponds
to patients that experience symptoms at rest [41].

Adherence

Meeting 80% of a recommended behavior is commonly
used to define adherence in exercise trials [3]. For this
study, participants were considered adherent to exercise
recommendations if they completed 80% of the 150-min
guideline (i.e., 120 min/week) recommended by the Heart
Failure Society of America 2010 Comprehensive Heart
Failure Practice Guideline [42]. Minutes of moderate in-
tensity exercise, averaged across the 4 weeks prior to each
measurement point, were obtained from exercise diaries
completed by participants daily and validated with data
obtained from a heart rate monitor worn by participants
during exercise.

Interventional components

The five interventional components: knowledge, atti-
tudes, self-regulation, self-efficacy, and social support
and the measures used to determine the mediation ef-
fects are described below. Each component was meas-
ured at baseline, and at 6, 12, and 18 months. Knowledge

of exercise training and general HF-related knowledge
was delivered and reinforced via supervised exercise
training sessions, weekly coach meetings, and six-group
education sessions. Knowledge was measured using the
Physical Activity and Heart Disease I.Q. tool, a 12-item
True/False tool developed by the National Heart, Lung,
and Blood Institute of the National Institutes of Health
to assess knowledge of exercise in cardiovascular condi-
tions and how exercise affects the heart [43].

Attitudes including addressing participant safety and
perceived benefits and barriers. We incorporated base-
line safety measures including cardiopulmonary stress
tests to prescribe an individualized exercise prescription
at baseline, used heart rate monitors during exercise and
monitored rating of perceived exertion, and held weekly
phone discussions with the exercise coach and partici-
pant to identify strategies to overcome perceived bar-
riers and reinforce benefits to exercise. Attitudes were
measured using the Attitudes Toward Physical Activityl
Exercise tool. This tool includes 14 items that assess
positive (6 items) and negative attitudes (8 items) to-
ward exercise. Cronbach’s alpha has been previously re-
ported at 0.74 for the positive attitude subscale and 0.82
for the negative attitude subscale [44]. For this study, we
found a = 0.85 (negative attitudes) and o = 0.82 (positive
attitudes).

Interventional components to improve self-efficacy
included: (a) Enactive mastery experiences, whereby
participants demonstrated mastery of all study equip-
ment, (b) Vicarious experiences by interacting with
peers during group educational sessions, (c¢) Verbal
persuasion including educational materials presented
in paper form, and (d) Physiological and affective
states whereby participants learned to assess and
recognize their HF symptoms in relation to exercise
and strategies to manage symptoms during exercise.
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Self-efficacy was measured with the Barriers Self-
Efficacy Scale that examines confidence with exercise
behavior. Internal consistency for the BARSE was pre-
viously reported as excellent (« = 0.92-0.94) [45]. In
this sample we recorded a =0.93.

Self-regulation skills were taught during weekly exer-
cise coaching. Participants were taught to self-monitor
during exercise using their heart rate monitor, rating
of perceived exertion, and symptoms. Exercise coaches
addressed these self-regulation skills: goal setting, self-
monitoring, problem solving, and barriers management.
Self-regulation was measured using the Physical Activity
Self-Regulation Scale (PASR) which has been previ-
ously validated to measure specific skills necessary for
self-regulation [46]. The PASR includes subscales that
measure self-monitoring, goal setting, eliciting support,
reinforcement, time management, and relapse preven-
tion. Internal consistency in our sample was o = 0.92
(overall scale) and o = 0.73-0.88 (subscales).

Lastly, participants were part of six-group sessions
where they had the opportunity to meet peers with
similar HF issues. We measured social support using the
Revenson Support Scale [47]. This scale measures posi-
tive support and problematic support using 20 items.
Internal consistency has been reported to range from
0.64 to 0.93 [47]. For the problematic subscale a = 0.70
and the positive subscale a = 0.94 for our sample.

Statistical Analysis

Descriptive statistics were calculated on all study vari-
ables. The direct effect of the intervention on adherence
was reported in a previous paper [35], with chi-square
analyses indicating significant differences in adherence
at 12 and 18 months (see Fig. 2 path c). As outlined
by Baron and Kenny [48], for a variable to be a medi-
ator the intervention must have a significant effect on
that variable (path a) and the variable must then have
a significant effect on the outcome (path b). The effect
of the intervention on potential mediators was first de-
termined using longitudinal multilevel models (MLM),
often called hierarchical linear models or mixed models

for change. As opposed to listwise deletion, MLM uses
maximum likelihood estimation, which utilizes all avail-
able data. Variables found to be non-normally distrib-
uted were transformed prior to analysis. The MIXED
procedure in SAS version 9.4 was used for this analysis.
A separate model was performed for each outcome vari-
able. The models included the intercept, group effect,
time, and the time by group interaction, which indicates
if the groups significantly differ in change. The variables
that were found to be significantly or marginally (p <.10)
affected by the intervention were retained for the next
step in the analysis.

A second requirement for a variable to be a medi-
ator is that the mediator variable has a significant effect
on the outcome of adherence (path b). If the interven-
tion is affecting change, then changes on these variables
should predict adherence. During the previous multilevel
models, individual slope estimates on the outcomes, using
all available data, were saved using empirical Bayes’ slope
estimates (model-predicted estimates of change). These
values were entered as predictors in logistic regression
models predicting adherence to exercise at 18 months.

The variables that significantly predicted adherence
(both a and b paths were significant) were then tested for
significant indirect effects in Mplus following the boot-
strapping procedure (with 1,000 bootstrapped estimates)
recommended by Preacher and Hayes [49].

Results

The sample consisted of 204 participants with an average
age of 60.4 (£11.5 years). Sample demographics and
clinical characteristics are shown in Table 2. Additional
details of the demographic characteristics of the sample
were previously reported [35]. No significant differences
were observed on any baseline demographic or clin-
ical variables across groups. As reported, the HEART
Camp group had significantly greater adherence at 12
and 18 months [35]. Of the 204 participants, 188 com-
pleted adherence data at 6 months (92% retention), 178
at 12 months (87%), and 159 at 18 months (78%).

Knowledge
Attitudes
Self-Efficacy
Self-Management
Social Support

Intervention

Adherence

Fig. 2. Mediation model testing components accounting for change as a result of the intervention.
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Table 2. Sample Characteristics: Demographic and Clinical Variables

Characteristic Intervention Enhanced Usual Care P
Mean £ SD or n (%) Mean £ SD or n (%)

N 102 102

Lincoln, NE (51, 50%)
Detroit, MI (51, 50%)
Demographic variables

Age 59.8£12.6
Female 45 (44.1%)
Married 52 (51.0%)
Nonwhite 51 (50.0%)

Clinical variables

HFrEF 85 (83.3%)

HFpEF 17 (16.7%)
NYHA functional class

1 5(4.9%)

II 54 (52.9%)

111 42 (41.2%)

v 1 (1.0%)
Beta-blocker medication 99 (97.1)
ACEI/ARB medication 92 (90.2%)
LVEF, % 39.3+12.1
BMI, kg/m’ 350+ 8.6

Lincoln, NE (51, 50%)
Detroit, MI (51, 50%)

60.9+10.3 482
46 (45.1%) 888
61 (59.8%) 205
44 (43.1%) 326
80 (78.4%) 373
22 (21.6%)

11 (10.8%) 248
59 (57.8%)

31 (30.4%)

1(1.0%)

100 (98.0) 651
83 (81.4%) 071
40.5 +14.0 504
34.7+78 828

ACEI angiotensin-converting enzyme inhibitor; 4 RB Angiotensin receptor blocker; BMI body mass index; HFpEF heart failure with
preserved ejection fraction; HFrEF heart failure with reduced ejection fraction; LVEF left ventricular ejection fraction; NYHA New York

Heart Association.

Main Effects on Potential Mediators (Path a)

Intervention effects were tested on the potential me-
diators using longitudinal MLM. Several variables
were transformed (log or power transform) to nor-
malize the outcomes. No significant time by group
interactions were found for the Physical Activity
and Heart Disease 1Q knowledge measure or either
subscale of the social support measure (Revenson
Support Scale). Table 3 presents parameter estimates
for the effect of the intervention over time for each
potential moderator variable. A significant effect
was observed for the Negative Attitudes subscale
on the Attitudes Toward Physical Activity/Exercise
scale (p = .016). There were significant effects ob-
served on overall scores on the Physical Activity
Self-Regulation Scale (p = .033), as well as three of
the subscales: Eliciting Support (p = .007), Relapse
Management (p = .025), and Time Management
(p = .049). Non-significant effects were observed for
PASR Reinforcements (p = .098) and the Barriers
Self-Efficacy Scale (p = .051). All effects observed
were in the hypothesized direction, so these seven
variables were retained for further analyses.

Effects of Change in Mediators on Adherence

Individual slope estimates were calculated for the medi-
ators that were found to be affected by the intervention.
Logistic regressions were performed with slope estimates
predicting adherence to exercise at 18 months (see Table
4). No effects were observed for the PASR subscales of
Eliciting Reinforcements or Time Management. The
remaining variables significantly predicted adherence,
including Negative Attitudes Toward Physical Activity (p
< .001), Barriers Self-Efficacy Scale (p < .001), Physical
Activity Self-Regulation (PASR) Eliciting Support
(p = .004), PASR Relapse Management (p < .001), and
overall PASR (p = .013). In each case, participants who
improved on the mediators during the study were more
likely to be adherent to exercise recommendations at
18 months.

Indirect Effects of the Intervention

Path analyses testing the indirect effects of the five
variables retained indicated that three variables dem-
onstrated significant indirect effects. Significant effects
were observed for Negative Attitudes Toward Physical
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Table 3. Main Effects on Potential Mediators (Path a)

Variable B S.E. P
Negative attitudes -0.054 0.022 .016
Positive attitudes 1.170 1.762 .507
Barriers Self-Efficacy Scale (BARSE) 2.209 1.124 .051
Physical Activity and Heart Disease (NHLBI) —8.369 19.780 .673
PASR self-monitoring 0.070 0.135 .606
PASR goal setting 0.159 0.129 221
PASR eliciting social support 0.368 0.135 .007
PASR reinforcements 0.193 0.116 .098
PASR time management 0.272 0.138 .049
PASR relapse prevention 0.275 0.122 .025
Physical Activity Self-Regulation Scale (PASR12) 1.283 0.595 .033
RSS-Problematic Support —-0.025 0.025 314
RSS-Positive Support 0.370 0.637 .563
Table 4. Effects of Change in Mediators on Adherence (Path b)

Variable B S.E. P
Negative attitudes -26.275 5.611 <.001
Barriers Self-Efficacy Scale (BARSE) 0.380 0.081 <.001
PASR eliciting social support 2.618 0.920 .004
PASR reinforcements 1.167 1.239 .346
PASR time management 0.100 0.067 135
PASR relapse prevention 3.302 0.926 <.001
Physical Activity Self-Regulation Scale (PASR12) 0.736 0.298 .013

Activity (p = 0.368, s.e. = 0.062, p < .001), the Barriers
Self-Efficacy Scale (B = 0.190, s.e. = 0.04, p < .0017),
and PASR Relapse Management (3 = 0.243, s.e. = 0.076,
p = .001). Standardized model estimates for each of the
three models, respectively, are presented in Fig. 3.

The intervention significantly decreased negative atti-
tudes, increased self-efficacy, and increased relapse man-
agement, which in turn improved adherence to exercise.
In each of the models, the direct effect of the interven-
tion is no longer significant, thus providing evidence of
mediation. These effects were further verified by logistic
regressions accounting for the intervention and each me-
diator in a separate model. In each case, the interven-
tion is no longer a significant predictor of adherence.
Therefore, negative attitudes, self-efficacy, and relapse
management significantly mediated the effect of the
intervention on adherence to exercise [49].

Discussion

Long-term adherence to exercise is a challenge for pa-
tients with HF. Few studies have tested an intervention
to improve long-term adherence to exercise in HF. To the

best of our knowledge, no studies have examined inter-
ventional components to identify active components
within the intervention in this population. Findings from
this study demonstrate that the HEART Camp interven-
tion positively impacted long-term adherence to exercise
through the theoretically based interventional compo-
nents. Self-efficacy, negative attitudes, and relapse man-
agement were significant mediators of the intervention
on long-term adherence.

Consistent with previous research, self-efficacy me-
diated the treatment effects on adherence to exercise
in this sample of patients with HF. Previous studies
have demonstrated self-efficacy as a significant medi-
ator in exercise/physical activity interventions targeting
individuals who are adolescents [50], healthy adults
[51, 52], elderly [45], those with breast cancer [46] or
diabetes [53], and those who are overweight [54] or
obese [44]. Furthermore, the length of the interven-
tion (short-6 months or less vs. long-12 months or
greater) appears to affect whether self-efficacy medi-
ates the intervention effects on exercise/physical ac-
tivity behavior. Self-efficacy is a significant mediator
in long-term exercise/physical activity interventions,
but not in the short-term interventions. These findings
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B, =-.587, p <.001
B, = .350, p < .001
B, = .642, p < .001

*

Negative Attitudes
Self-Efficacy
Relapse Management

Bua = -.627, p < .001

o = .544, p < .001
Brw = .378, p = .001
*

Intervention

B=-131,p=.239
B =.047,p = .643

Adherence

B =-.005, p =.964

Fig. 3. Path models of indirect effects. Note: Beta values are standardized regression coefficients.

indicate that individuals’ confidence in their ability to
exercise builds over time.

For patients with HF, developing self-efficacy and
confidence with exercise training is particularly challen-
ging. When any individual, who has not been exercising,
begins a moderate intensity exercise-training program
the “normal” physiologic response (signs and symptoms)
is a sense of shortness of breath and fatigue. This normal
physiologic response to exercise overlaps with the fa-
tigue and shortness of breath that are hallmark signs
and symptoms of worsening HF. Therefore, for patients
with HF, we believe it takes longer (12 months or longer)
to develop the appropriate level of self-efficacy and be
confident in their ability to distinguish a “normal” exer-
cise response from “abnormal” HF response (signs and
symptoms). This differentiation is particularly important
as patients with HF experience the “ups and downs” of
their chronic condition while establishing an exercise
program. This extended experiential period of time, with
HEART Camp coach support, may be necessary for pa-
tients with HF to develop adequate self-efficacy to sus-
tain adherence long-term. As mentioned, self-efficacy
may require 12 months or longer to build and ultimately
impact adherence, even in healthy adults [38, 39]. HF pa-
tients experience symptoms of dyspnea and fatigue that
are coupled with exercise-related fear, lack of knowledge,
and low skill level [7-9]. These issues compromise and
lengthen the process of achieving self-efficacy for exer-
cise in patients with HF. To overcome these challenges,
exercise should be recommended to patients early in
their HF trajectory and support for exercise adherence is
needed over a longer period.

Self-reported attitudes toward exercise are noted to
impact exercise adherence and have been found to im-
pact whether individuals choose to engage in exercise
or avoid it [47, 48]. While these prior studies were com-
pleted in healthy adolescents and adults, we hypothesized
that attitudes would be particularly important in the HF
population. Studies have indicated patients with HF fear
exercise and lack knowledge which inherently leads to
more negative attitudes and less positive attitudes toward
exercise. Negative attitudes are predominant compared

to positive attitudes prior to patients with HF initiating
an exercise program as patients’ fear and concern of “ex-
ercise with HF” override positive attitudes. Furthermore,
negative attitudes have been noted as a stronger pre-
dictor of physical activity compared to positive attitudes
[49]. Patients in our intervention group also experienced
a reduction in their depression and anxiety from baseline
compared to enhanced usual care [37]. Depression and
anxiety reduction may have supported the reduction of
negative attitudes. Findings from our study support this
previous research indicating the importance of attitudes
and especially negative attitudes. Building self-efficacy
and the capacity to persist with exercise may have also
resulted in the reduction of negative attitudes [51]. They
may be particularly important in chronically ill popu-
lations of older adults that make up a majority of the
HF population. Many of these individuals have not en-
gaged in routine exercise prior to developing HF and
have little experience with exercise since having HF. The
multicomponent intervention in the HEART Camp trial
was successful in alleviating fear for exercise and subse-
quently played a role in improving exercise adherence.

Long-term adherence to exercise is difficult for
healthy adults and is an even greater challenge for in-
dividuals with chronic illness. Over the trajectory of
HF, patients will experience periods of worsening HF
resulting in exercise relapse. Greater relapse has been
reported in chronically ill diabetic patients resulting in
feelings of perceived guilt [52]. While this has not been
studied in patients with HF, the HEART Camp exer-
cise coaches were instructed to proactively address re-
lapse and assist participants throughout the 18-month
intervention with return to exercise if relapse occurred.
Worsening HF and the need to adjust/abstain from exer-
cise during times of HF exacerbation were discussed in
the pre-exercise educational sessions. Participants were
told that relapse was anticipated. They were encouraged
to return to exercise slowly, as they had when initially
starting to exercise, if relapse occurred. Our findings
emphasize the importance of relapse management as an
interventional strategy in long-term adherence to exer-
cise for patients with HF.
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We did not record a mediation effect of the knowledge
interventional component. Knowledge has been previ-
ously shown as necessary, but insufficient alone to insti-
gate or sustain behavior change [55, 56]. However, we also
felt these findings may be attributed to the measure used
to quantify knowledge. The true and false items of the
Physical Activity and Heart Disease IQ instrument tested
knowledge of how exercise affects the heart. Our interven-
tion focused on teaching the knowledge and skills required
to exercise with HF. The six sessions of cardiac rehabili-
tation were meant to give the participant one-on-one
guidance while learning and beginning to exercise. This in-
cluded information about how to evaluate their response
to exercise and adjust intensity accordingly. Finally, it is
important to recognize that knowledge gained from edu-
cation is a necessary but not sufficient prerequisite for HF
patients to learn self-regulation skills [53].

Social support has been identified as a significant me-
diator in an intervention to increase physical activity in
healthy adults [54]. Our findings did not show social sup-
port as a significant mediator. In retrospect, the interven-
tion may have lacked adequate social support. We had
six educational sessions that were meant to provide so-
cial support from peers, but group membership changed
weekly resulting in a lack of consistent social support.
Additionally, the social support occurred only in the
first 6 weeks of the study. There may have been an inad-
equate dose of social support with only 6 weeks out of
the 18-month study period. Alternatively, these findings
may have been driven by our social support measure. The
Revenson Support Scale is not specific to physical ac-
tivity behavior [47]. Other studies reporting generic so-
cial support measures did not capture mediation effects
for exercise interventions [54]. Future studies should
consider the provision of social support for the entire
period of the intervention.

Our study is among the first to examine the effect of
active interventional components to promote exercise
adherence. However, findings may not be generalizable
beyond patients with HF in the Midwest. Future exer-
cise interventions should test mechanistic components
to validate these findings in future clinical trials. Based
on our findings, interventional components that improve
self-efficacy, attitudes, and relapse management are im-
portant to improve long-term adherence to exercise in
patients with HF. Our analyses were limited by a lack
of published findings identifying clinically meaningful
differences. This will be a focus of our analyses moving
forward and we hope to identify benchmarks in future
studies.

In conclusion, this study identified self-efficacy, nega-
tive attitudes, and relapse management as mediating
interventional components important to promoting long
term exercise adherence in patients with HF. The bur-
densome symptoms of HF including shortness of breath

and fatigue make it more difficult for patients with HF to
adhere to recommended exercise. Identification of active
components within an efficacious exercise intervention
for patients with HF is important to improve long-term
adherence to exercise and ultimately, patient outcomes.
Future exercise intervention studies should carefully
consider the active interventional components as im-
perative to moving science forward in this area.
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