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The HEART Camp Exercise Intervention Improves Exercise
Adherence, Physical Function, and Patient-Reported Outcomes in
Adults With Preserved Ejection Fraction Heart Failure

WINDY W. ALONSO, PhD, RN, FHFSA,' KEVIN A. KUPZYK, PhD,' JOSEPH F. NORMAN, PhD, PT,> SCOTT W. LUNDGREN, DO,’
ALFRED FISHER, MD, PhD,* MERRY L. LINDSEY, PhD,>® STEVEN J. KETEYIAN, PhD,” AND
BUNNY J. POZEHL, PhD, APRN-NP, FHESA, FAHA, FAAN'

Omaha, Nebraska; and Detroit, Michigan

ABSTRACT

Background: Despite exercise being one of few strategies to improve outcomes for individuals with heart
failure with preserved ejection fraction (HFpEF), exercise clinical trials in HFpEF are plagued by poor
interventional adherence. Over the last 2 decades, our research team has developed, tested, and
refined Heart failure Exercise And Resistance Training (HEART) Camp, a multicomponent behavioral
intervention to promote adherence to exercise in HF. We evaluated the effects of this intervention designed
to promote adherence to exercise in HF focusing on subgroups of participants with HFpEF and heart failure
with reduced ejection fraction (HFrEF).

Methods and Results: This randomized controlled trial included 204 adults with stable, chronic HF. Of
those enrolled, 59 had HFpEF and 145 had HFrEF. We tested adherence to exercise (defined as >120
minutes of moderate-intensity [40%—80% of heart rate reserve] exercise per week validated with a heart
rate monitor) at 6, 12, and 18 months. We also tested intervention effects on symptoms (Patient-Reported
Outcomes Measurement Information System-29 and dyspnea-fatigue index), HF-related health status (Kan-
sas City Cardiomyopathy Questionnaire), and physical function (6-minute walk test). Participants with
HFpEF (n =59) were a mean of 64.6 & 9.3 years old, 54% male, and 46% non-White with a mean ejection
fraction of 55 £ 6%. Participants with HFpEF in the HEART Camp intervention group had significantly
greater adherence compared with enhanced usual care at both 12 (43% vs 14%, phi = 0.32, medium effect)
and 18 months (56% vs 0%, phi=0.67, large effect). HEART Camp significantly improved walking dis-
tance on the 6-minute walk test (” = 0.13, large effect) and the Kansas City Cardiomyopathy Questionnaire
overall (° = 0.09, medium effect), clinical summary (1> = 0.16, large effect), and total symptom (1> = 0.14,
large effect) scores. In the HFrEF subgroup, only patient-reported anxiety improved significantly in the
intervention group.

Conclusions: A multicomponent, behavioral intervention is associated with improvements in long-term
adherence to exercise, physical function, and patient-reported outcomes in adults with HFpEF and anxiety
in HFrEF. Our results provide a strong rationale for a large HFpEF clinical trial to validate these findings
and examine interventional mechanisms and delivery modes that may further promote adherence and
improve clinical outcomes in this population.

Clinical Trial Registration: : URL: https://clinicaltrials.gov/. Unique identifier: NCT01658670 (J Car-
diac Fail 2021;00:1—11)

Key Words: Heart failure, heart failure with preserved ejection fraction, heart failure with reduced ejec-
tion fraction, exercise, adherence.
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Bullet Points

® Adults with heart failure with preserved ejection frac-
tion (defined as an ejection fraction of >50%) responded
favorably to the Heart Failure Exercise and Resistance
Training (HEART) Camp.

e The HEART Camp intervention promotes adherence to
exercise in adults with HFpEF compared with paid access
to a fitness center alone.

e The HEART Camp intervention improved physical
function, health status, and symptoms in adults with failure
with preserved ejection fraction over time compared with
paid access to a fitness center alone.

Lay Summary

Heart Failure Exercise and Resistance Training
(HEART) Camp is an exercise intervention that was previ-
ously successful at improving adherence to exercise in
adults with heart failure. In this study, we divided the
HEART Camp trial participants based on their ejection frac-
tion into preserved ejection fraction (>50%) and reduced
ejection fraction (<50%) subgroups to see how the sub-
groups responded to the intervention compared with coun-
terparts who were given only paid access to a fitness center.
Adults with heart failure with preserved fraction signifi-
cantly improved their exercise adherence with the HEART
Camp intervention compared with a group receiving only
access to a fitness center.

Visual Take Home Graphic

Key Takeaway 1: Long-term adherence to
exercise was significantly greater with medium
to large effects for adults with HFpEF in the
HEART Camp group compared to enhanced
usual care (EUC)
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Exercise is one of few successful strategies to improve out-
comes in adults with heart failure with preserved ejection frac-
tion (HFpEF). Yet, few adults with HF successfully meet the
Heart Failure Society of America exercise guidelines that rec-
ommend 30 minutes of supervised moderate intensity exercise
5 days per week and long-term adherence to exercise interven-
tions remains a challenge.'” Cardiac rehabilitation has been
the predominant model of exercise for adults with cardiovas-
cular disease and heart failure; however, Medicare reimburse-
ment is limited to those with an ejection fraction of less than
35% (heart failure with reduced ejection fraction [HFrEF]),
which fails to account for half of the HF population, and car-
diac rehabilitation is notoriously underused by those adults
with HF who are eligible.”*

Several exercise clinical trials have targeted adults with
HFpEF and HFrEE.”~'* The majority of these studies examined
short-term effects (4—20 weeks) of exercise on physiologic
changes such as peak oxygen uptake.” *''~'* Most of these tri-
als do report efficacy in improving physiologic measures with
the exercise interventions, including aerobic, resistance, and/or
high-intensity interval training, but few report adherence out-
comes and no studies to date have resulted in significant
improvements in mortality or hospitalizations. Further, few
studies included patient-reported outcomes and, in those that
did, only quality of life™'*'* and depression'® were reported.
Quality-of-life improvements were reported in some but not all
studies and it was unclear if improvements were sustained.

Recent findings from the Rehabilitation Therapy in Older
Acute Heart Failure Patients (REHAB-HF) trial, which

Key Takeaway 2: Long-term adherence to
exercise was not significantly greater for
adults with HFrEF in the HEART Camp

group compared to enhanced usual care
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Key Takeaway 3: In adults with HFpEF, the
HEART Camp intervention group had significant
long-term improvements in physical function (6-

minute walk test distance) and heart failure-

related health status (Kansas City
Cardiomyopathy Questionnaire)

Proposed Tweet

The multicomponent HEART Camp exercise coaching
intervention promotes long-term adherence to exercise in
adults with heart failure with preserved ejection fraction.
#HeartFailure #HFpEF #ExerciseAdherence

recruited participants during a hospitalization for acute HF
to attend 1-on-1 exercise training sessions that began during
the hospital admission to 12 weeks, were promsing.'’
Adherence to exercise was reported as high as 76% during
the intervention and 78% at the 3-month follow-up.'* How-
ever, adherence during the 12-week intervention period was

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on October 18, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



The HEART Camp Exercise Intervention Improves Exercise Adherence, Physical e Alonsoetal 3

measured by session attendance only and by patient self-
report at the 3-month follow-up.'*

Optimizing Exercise Training in Prevention and Treat-
ment of Diastolic Heart Failure (Optimex-Clin)'O is the
only completed trial to date to recruit a HFpEF-only sample
and examine long-term (12-month) exercise outcomes.
Optimex-Clin randomized participants to high-intensity
interval training, moderate intensity continuous training,
and a control group that received only a guideline-based
recommendation to exercise. Nonsignificant differences in
the primary end point, namely, peak oxygen uptake at 3
months, were noted.'® Adherence to Optimex-Clin at 12
months, measured as session attendance, was modest in
both the moderate intensity continuous training and high-
intensity interval training groups,'’ but proportionally
higher when compared with adherence reported in 2 prior
exercise clinical trials in HF: (a) the seminal, multicenter
trial, Heart Failure — A Controlled Trial Investigating Out-
comes of Exercise Training (HF-ACTION) (34% adher-
ence)'® and (b) prior work of this research team (42%
adherence).'” The dose-dependent response associated with
exercise is difficult to achieve and maintain when partici-
pants are nonadherent to exercise.'®

Our team developed and tested the multicomponent Heart
failure Exercise and Resistance Training (HEART) Camp
behavioral intervention to promote long-term adherence to
exercise in adults with HF.”' We defined adherence as
achieving 120 or more minutes of moderate intensity exer-
cise per week validated with a heart rate monitor. The
HEART Camp intervention group achieved significantly
better long-term adherence at 12 months (42%) and 18
months (35%) compared with enhanced usual care (28%
and 19% adherence, respectively) in a mixed sample of
adults with HFpEF and HFrEF.”* The effects on adherence
were moderated by the ejection fraction; those with higher
ejection fractions at baseline achieved better long-term
adherence. The HEART Camp also significantly improved
physical function, quality of life, and depression.””

HF-ACTION (n=2331) reported safety and efficacy of
exercise in HF with reduced ejection fraction (HFrEF); how-
ever, participants with HFpEF were excluded.'® A similar trial
in HFpEF has not been reported. Our knowledge of successful
interventional strategies to initiate and sustain exercise in HF,
particularly in HFpEF, remains limited. Therefore, the purpose
of this secondary data analysis is to evaluate the effects of the
multicomponent, HEART Camp on adherence with exercise
recommendations in the HFpEF and HFrEF subgroups as
compared with enhanced usual care.

Methods
Design

The parent HEART Camp study was a 2-site, prospec-
tive, randomized 2-group repeated measures experimental
design. Data were collected at 4 timepoints (baseline, 6, 12

and 18 months). Details of the study protocol and the results
were published previously.”' ** In brief, after enrollment
and completion of a cardiopulmonary exercise test, all par-
ticipants took part in a minimum of 6 scheduled, supervised
exercise sessions in cardiac rehabilitation before randomi-
zation. During prerandomization exercise training sessions,
participants learned moderate-intensity continuous training
(40%—80% heart rate reserve)zz’24 and resistance training
(10—15 repetitions to volitional fatigue).””° The safety of
all participants was ensured and plans for participant super-
vision were outlined clearly in the study protocol. Partici-
pants who completed these sessions were then randomized
with stratification by study site and sex to 2 groups
(HEART Camp or enhanced usual care). After randomiza-
tion, all participants, including those randomized to
enhanced usual care, received standard care for heart failure
and were given paid access to a hospital-based exercise
training facility where they could exercise independently
for 18 months. This paid access was considered an enhance-
ment beyond the standard care of individuals with HF and
eliminated a potential financial barrier for participants. Par-
ticipants randomized to the HEART Camp group received
the HEART Camp intervention, which is described in
greater detail elsewhere in this article.

Setting and Sample for the Parent Study

The HEART Camp study team recruited 204 participants
from 2 urban medical centers: Bryan Heart Institute in Lin-
coln, Nebraska, and Henry Ford Hospital in Detroit, Michi-
gan. Inclusion and exclusion criteria are shown in Table 1.
All participants provided written informed consent and the
institutional review board at each site approved the study
and provided oversight. The CONSORT diagram with
screening and randomization details has been published pre-
viously.”” Randomization was stratified by site and sex.

Sample for the Subgroup Analyses

Recently, the Heart Failure Society of America, the Heart
Failure Association of the European Society of Cardiology,
and the Japanese Heart Failure Society published a univer-
sal definition of HF.”” The new guideline suggests classifi-
cation of HF on the basis of ejection fraction; individuals
with an ejection fraction of 50% or more are classified as
HFpEF.”’” We applied this classification to identify our sub-
groups for this post hoc analysis: HFpEF (EF of >50%,
n=159) and HFrEF (EF of <50%, n = 145).

HEART Camp Intervention

The HEART Camp is a theory-driven, multicomponent
intervention that focuses on participants’ knowledge, atti-
tudes, self-efficacy, self-management skills, and social sup-
port. The intervention took place over 3 phases, adoption
(baseline to 6 months), transition (months 7—12) and main-
tenance (months 13—18). During the adoption and
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Table 1. Inclusion and Exclusion Criteria for the HEART Camp Clinical Trial

Inclusion Criteria

Exclusion Criteria

1 Diagnosis of systolic, diastolic, or combined chronic HF
(stage C confirmed by echocardiography and clinical evaluation)

2 19 years of age or greater
3 Able to speak and read English
4 Telephone access in home

5 Stable pharmacologic therapy per guidelines for past 30 days

1 Clinical evidence of decompensated HF

2 Unstable angina pectoris

3 Myocardial infarction, coronary artery bypass surgery, or biventricular
pacemaker < 6 weeks prior

4 Orthopedic or neuromuscular disorders preventing participation in aero-
bic exercise and strength/resistance training

5 Participation in 3 times per week aerobic exercise in the past 8 weeks

6 Cardiopulmonary exercise test results that precluded safe exercise
training

7 Plans to move more than 50 miles from the exercise site within the next
year

8 Peak oxygen uptake in females >21 mL/kg/min and in males >24 mL/
kg/min

9 Pregnancy planned or current

HEART, Heart failure Exercise And Resistance Training; HF, heart failure.

transition phases, the intervention included individualized,
weekly coaching with an exercise coach, where coaches
and participants discussed goals, self-monitoring, relapse
prevention, and self-management strategies. During the
maintenance phase, face-to-face interaction between partic-
ipants and coaches was stopped and participants were
expected to self-manage their exercise. A detailed interven-
tional protocol was published in 2014.”'

Data Collection and Measurement Tools

Baseline measures included demographic information (age,
race, sex, and marital status) and clinical information (body
mass index, left ventricular ejection fraction, and New York
Heart Association functional class). Adherence to exercise
(primary outcome) was calculated based on confirmed minutes
of exercise per week. Participants achieving 120 or more
minutes of moderate intensity exercise per week or more
(80% of the Heart Failure Society of America recommended
150 minutes per week) were considered adherent. Minutes of
exercise were collected using self-report diaries (collected
weekly in the HEART Camp group and every 2 months in the
enhanced usual care group) and validated using a heart rate
monitor (Polar Electro Inco, Lake Success, NY). In designing
our study, we elected to collect adherence data from partici-
pants in the enhanced usual care group every 2 months to
avoid interventional effects from data collection. We preprog-
rammed the heart rate monitor with an individualized, target
heart rate range that was determined based on results from
each participant’s cardiopulmonary exercise test and corre-
sponded with 40%—80% of their heart rate reserve. Partici-
pants were instructed to wear the heart rate monitor during all
exercise sessions and stay within the prescribed target heart
rate range. We downloaded data into the Polar Pro Trainer,

which provides details on date, time spent in exercise, average
HR, and amount of exercise time within the target range. Any
exercise minutes below the 40% heart rate reserve were not
counted as minutes of exercise. Adherence levels for 6, 12,
and 18 months were computed as the averages across the 4
weeks before each measurement time point. Participants
achieving 120 or more minutes of moderate intensity exercise
per week on average over this 4-week period were considered
adherent at the given time point.

Secondary outcomes were tested at baseline, 6, 12, and
18 months and included objective physical function (6-Min-
ute Walk Test [EMWT]) and patient-reported health status
(Kansas City Cardiomyopathy Questionnaire [KCCQ)]),
anxiety, depression, role satisfaction, fatigue, pain interfer-
ence, physical function, and sleep disturbance (Patient-
Reported Outcomes Measurement Information System
[PROMIS]-29). Each of these is metrics described in brief.

The 6MWT** is an objective measure of physical func-
tion performed to assess the exercise capacity of individuals
with HF.”” During this self-paced test, which has been stan-
dardized through guidelines provided by the American Tho-
racic Society,” participants walk on a flat, 100-foot
walkway while research personnel measure the distance in
meters walked in 6 minutes. In the HEART Camp study,
participants were asked at baseline, 6, 12, and 18 months to
complete two 6MWTs 7 days apart. The farthest distance
walked between these 2 tests was recorded as the 6MWT
measurement for that time point.

The KCCQ is a 23-item, HF-specific tool that measures 5
domains (physical limitation, symptoms, self-efficacy, quality
of life, and social limitation) and generates 3 summary scores
(overall summary score, clinical summary score, and total
symptom score).”’ The KCCQ is commonly used in HF clini-
cal trials and was recently recommended as an important
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quality indicator by the 2020 American College of Cardiol-
ogy/American Heart Association Task Force on Performance
Measures.”' Overall summary scores that change by 5 points
or greater over time are considered clinically meaningful.*
The KCCQ has been validated in adults with HFpEF. "

The PROMIS-29 uses 29 items to measure 7 domains,
including anxiety, depression, role satisfaction, fatigue,
pain interference, physical function, and sleep disturbance.
PROMIS tools were developed by Cella et al’* to capture
patient-reported outcomes. These measures have been vali-
dated in the HF population.”*°

Statistical Analyses

All statistical methods were applied across both the HFpEF
and HFrEF subgroups. Descriptive statistics were calculated on
all demographic and dependent variables. Data were compared
between HEART Camp and enhanced usual care groups as
well as HFpEF and HFrEF groups using ¢ tests and x* analyses
as appropriate. To assess adherence between groups at 18
months (primary aim), a x> test was used to test group differen-
ces in the proportion of the sample that adhered to at least 80%
of the 150 minutes per week recommendation. Tests were car-
ried out at 6, 12, and 18 months, the primary data collection
points in the study. A Fisher’s exact test was completed for any
time point with fewer than 5 participants in either group. The
analysis included all participants according to the condition to
which they were assigned and was based on all available data.
(No data imputation was performed.) Missing data were
assessed before analyses and our missing data rate is 18%.

Analysis of variance tests were completed to calculate
effect sizes, reported as 172, for secondary outcomes. To assess

e Alonsoetal 5

group differences in change over time on continuous out-
comes, linear mixed models were performed for each depen-
dent variable. Significant Time x Group interactions indicate
significant differences in change over time between the HC
and enhanced usual care groups. Variables were examined for
normality by examining skew and kurtosis values. Although
the PROMIS measures were distributed normally, the 6MWT
and KCCQ variables were negatively skewed. Square trans-
forms (or second power transforms) were effective in normal-
izing the distributions. SPSS version 25 was used for data
management and descriptive statistics and SAS 9.4 was used
for linear mixed models. Time was treated as a categorical var-
iable because all intervals between time points and across par-
ticipants were equal. Before assessing fixed effects, the most
appropriate covariance structure was determined by perform-
ing models with various structures (eg, variance components,
unstructured, Toeplitz, autoregressive) and comparing fit sta-
tistics. In the even that all fit statistics did not agree on the best
error structure, preference was given to the more parsimonious
structure. Additional models were performed to examine the
effect of covariates (age, sex, body mass index, and race
[White vs non-White]) on intervention effects in both sub-
groups. Statistical significance was set at the alpha 0.05 level.

Results

The parent study enrolled 204 adults with stable chronic
HF. Fifty-nine (29%) of these participants had an ejection
fraction of 50% or greater (HFpEf subgroup) and 145 had
an EF of less than 50% (HFrEF subgroup). The characteris-
tics of the HFpEF and HFrEF subgroups are presented in
Table 2. Participant characteristics were balanced between

Table 2. Participant Demographic and Clinical Variables

HFpEF Subgroup HFrEF Subgroup
HEART Camp Enhanced Usual HEART Camp Enhanced Usual
(n=125) Care (n=34) PValue (n=77) Care (n=68) P Value
Demographic
variables
Age, mean (SD) 63.3(9.4) 65.6 (9.3) 367 58.6 (13.3) 58.6 (10.1) 987
Female sex, n (%) 11 (44%) 16 (47.1%) 816 34 (44.2%) 30 (44.1%) 996
Married, n (%) 18 (72%) 20 (58.8%) .296 34 (44.2%) 41 (60.3%) .052
Non-Caucasian, n (%) 11 (44%) 16 (47.1%) 816 40 (51.9%) 28 (41.2%) 195
Clinical variables
Ejection fraction, 54.2(5.7) 55.7 (6.4) 365 34.4(9.3) 32.9(10) 344
mean (SD)
NYHA class, n (%)
I 3 (12%) 3 (8.8%) .850 2 (12%) 8 (8.8%) .046
il 14 (56%) 18 (52.9%) 40 (56%) 41 (52.9%)
1 8 (32%) 13 (38.2%) 34 (32%) 18 (38.2%)
v 0 0 1(1.3%) 1 (1.5%)
Beta blocker, n (%) 23 (92%) 32 (94.1%) 749 76 (98.7%) 68 (100%) 346
ACE/ARB, n (%) 20 (80%) 28 (82.4%) .819 72 (93.5%) 55 (80.9%) .021
BMI, mean (SD) 35.6(7.2) 36.4 (8) 708 34.7 (9.0) 33.9(7.6) 532
pVO, from cardiopul- 15.6 (4.1) 15 (4.5) .662 14.6 (4.0) 15.7 (3.6) .099

monary exercise
test

ACE, angiotensin-converting enzyme Inhibitor; ARB,

angiotensin-receptor

blocker; BMI, body mass index; HEART, Heart

failure Exercise And Resistance Training; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; NYHA,
New York Heart Association functional class; pVO,, peak oxygen consumption; SD, standard deviation.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on October 18, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



6 Journal of Cardiac Failure Vol. 00 No. 00 2021

intervention and enhanced usual care groups in both the
HFpEF and the HFrEF subgroups. Demographic and clini-
cal variables were compared between the HFpEF and
HFrEF subgroups. We found HFpEF participants were sig-
nificantly older (P =.001) and less likely to be taking a beta
blocker (P =.025) compared with HFrEF counterparts.
There were no significant differences between the HFpEF
and HFrEF subgroups on sex, race, marital status, body
mass index, New York Heart Association functional class,
or peak oxygen consumption.

In the HFpEF subgroup (n=59), 54% identified as men.
Ages ranged from 37 to 85 years (mean 64.6 & 9.3 years)
and the ejection fraction ranged from 50% to 76% in this
subgroup with a mean of 55 & 6%. Of the 27 non-Caucasian
participants (45.8% of the sample), 25 were African Ameri-
can. In the HFrEF subgroup (n = 145), 81 (56%) identified
as men and 64 (44%) as women. HFrEF participants were a
mean age of 58.6 & 11.9 years. Ejection fraction ranged
from 12% to 49% in this subgroup with a mean of 33.7 &
9.6%. Of the 68 non-Caucasian participants, 66 were Afri-
can American. Adherence data are shown in Fig. 1a and 1b.
Among patients with HFpEF in the HEART Camp group,
adherence at both 12 months (42%) and 18 months (56%)
was significantly greater compared with the enhanced usual
care group (14% and 0%, respectively). At the 6-month
time point, adherence was 42% in the HEART Camp group
and 19% in the enhanced usual care group; this difference
was not statistically significant. Among patients with
HFrEF in the HEART Camp group, adherence at 6 months
(36%), 12 months (42%), and 18 months (29%) was not sig-
nificantly greater compared with the enhanced usual care
group (38%, 34%, and 29%, respectively).

Participants with HFpEF in the HEART Camp group
walked further during the 6MWT than enhanced usual care
participants at all times points, including baseline, with the
difference reaching significance at 18 months (Table 3).
Distance in the HEART Camp group increased by 63.25 m
compared with 13.16 m in the enhanced usual care group
between baseline and 18 months, F(2.7,73.1)=4.14,
P=.011; n2=0.13, large effect. In a hierarchical linear
model, the Time x Group interaction for 6MWT distance
was significant, as shown in Table 4, indicating that the
groups differed significantly in change over time.

We identified significant differences between adults with
HFpEF in HEART Camp and enhanced usual care on the
KCCQ Overall Summary Score, F(3,96)=3.42, P=.02;
772=0.09, medium effect; the Clinical Summary Score, F
(3,95)=6.17, P=.001; n2=0.16, large effect; and Total
Symptom Score, F(2.7,85.3)=5.31, P=.003; n2 =0.14, large
effect. Between-group comparisons of overall change
(Time x Group interactions) for the Dyspnea-Fatigue Inven-
tory and domains of the PROMIS-29 were nonsignificant in
hierarchical linear models. Results from all hierarchical linear
models of data for the 6MWT, KCCQ, Dyspnea-Fatigue
Inventory, and PROMIS-29 are reported in Table 4. We report
means by group over time in Fig. 2a—c for those scores with
significant Time x Group interactions.

a
60% 56%
p=.066 p=.025* p=.<001*
50% phi =.26 phi = .32 phi = .67
42% 42%
40%
30% n=9 n=9 n=9
20% 19%
14%
10%
n=6 n=4
0%
0%
6 months 12 months 18 months
b HEART Camp EUC
60%
p=.819 p=.354 p=.929
50% phi =.02 phi =.08 phi =.008
42%
o, 38%
40% %
36% 34%
29% 29%
30%
n=26 n=28 n=16
20%
n=24 n=21 n=17
10%
0%
6 months 12 months 18 months
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Fig. 1. (A) Longitudinal adherence to exercise in adults with heart
failure with preserved ejection fraction (HFpEF) from the Heart
failure Exercise And Resistance Training (HEART) Camp clinical trial
using all available data. This figure demonstrates adherence for partici-
pants that completed data collection at each time point in the HFpEF
subgroup. In the HEART Camp group, at 6 months, 9 of 21 (42%)
were adherent to exercise, at 12 months, 9 of 21 (42%) were adherent,
and at 18 months 9 of 16 (56%) were adherent to exercise. In the EUC
group, at 6 months, 6 of 31 (19%) were adherent to exercise, at 12
months, 4 of 28 (14%) were adherent, and at 18 months 0 of 28 (0%)
were adherent to exercise. *a =0.05. (B) Longitudinal adherence to
exercise in adults with heart failure with reduced ejection fraction
(HF(EF) from the HEART Camp clinical trial using all available data.
This figure demonstrates adherence for participants that completed
data collection at each time point in the HFEF subgroup. In the
HEART Camp group, at 6 months, 26 of 73(36%) were adherent to
exercise, at 12 months, 28 of 67 (42%) were adherent, and at 18
months 16 of 55 (29%) were adherent to exercise. In the EUC group,
at 6 months, 24 of 64 (38%) were adherent to exercise, at 12 months,
21 of 62 (34%) were adherent, and at 18 months 17 of 60 (29%) were
adherent to exercise. Note: Adherence based on 120 minutes of moder-
ate intensity or more of exercise per week. EUC, enhanced usual care
(received paid access to an exercise facility).

In participants with HFpEF, the rate of attrition at the
end of the 18-month study was 25.4%, with 44 participants
completing heart rate validation and exercise diaries at 18
months. We had slightly greater attrition (32.2%) with
study instruments; 40 of 59 participants completed all data
points. The differences in attrition rates between groups
was nonsignificant at all time points. Interestingly, when
noncompleters were examined against completers on our
measurement tools, the only difference we found in base-
line measures was on the PROMIS-Sleep Disturbance.
Completers had significantly lower scores (47.5) on the
domain than noncompleters (54.8), t(57)=2.65, P=.01,
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Table 3. Six-Minute Walk Test Distance Over Time for Participants With HFpEF

Group Baseline 6 months 12 months 18 months
HEART Camp, mean (SD) 383.61 (117.63) 411.21 (120.89) 406.52 (140.94) 446.86 (112.71)
Enhanced usual care, mean (SD) 359.45 (101.46) 370.98 (109.94) 368.86 (118.11) 372.61 (95.55)
t test P value 402 241 .346 .048

HEART, Heart failure Exercise And Resistance Training; HFpEF, heart failure with preserved ejection fraction; SD, standard deviation.

Bold font indicates statistical significance «=.05.

Table 4. Hierarchical Linear Models of Physical Function, Heart Failure-related Health Status, and Patient-Reported Symptoms in
Participants with HFpEF

Num DF Den DF F P Value
Six-minute walk test* Time 3 89 3.584 .017
Group 1 58 2.928 .092
Time x Group 3 89 5.718 001
KCCQ overall summary score Time 3 130 0.595 619
Group 1 57 0.062 .805
Time x Group 3 130 3.981 .009
KCCQ clinical summary score Time 3 131 0.742 529
Group 1 57 0.014 .906
Time x Group 3 131 5.698 001
KCCQ total symptom score Time 3 131 0.647 .586
Group 1 57 0.006 939
Time x Group 3 131 4.179 .007
KCCQ quality of life Time 3 131 1.123 342
Group 1 57 0.354 .554
Time x Group 3 131 2.518 .061
Dyspnea-fatigue inventory Time 3 131 2.063 108
Group 1 57 0.419 .520
Time x Group 3 131 0.602 .615
PROMIS anxiety Time 3 131 0.639 591
Group 1 55 2.044 158
Time x Group 3 131 1.019 .386
PROMIS depression Time 3 130 1.371 255
Group 1 57 1.266 265
Time x Group 3 130 1.347 262
PROMIS social satisfaction with roles Time 3 131 1.304 276
Group 1 57 0.209 .650
Time x Group 3 131 1.877 137
PROMIS fatigue Time 3 132 0.891 448
Group 1 58 0.276 .602
Time x Group 3 132 2.267 .084
PROMIS Pain interference™ Time 3 91 1.623 .190
Group 1 58 0.270 .605
Time x Group 3 91 0.264 851
PROMIS physical function Time 3 130 2.133 .099
Group 1 57 0.538 466
Time x Group 3 130 0.241 .868
PROMIS sleep disturbance™ Time 3 97 1.433 238
Group 1 59 0.296 .588
Time x Group 3 97 1.853 .143

HFpEF, heart failure with preserved ejection fraction; KCCQ, Kansas City Cardiomyopathy Questionnaire; PROMIS, Patient-Reported Outcomes Mea-

surement Information System.
Bold font indicates statistical significance =.05.

*An Autoregressive covariance structure; otherwise, a variance components structure.

indicating that noncompleters had greater sleep distur-
bance. A sensitivity analysis completed with all data from
the parent HEART Camp study (previously reported)
found no differences in findings as a result of excluding
participants that did not complete the study.”” In the cur-
rent study, we completed a sensitivity analysis in the
HFpEF subgroup, again with no changes in outcomes.
This finding indicates that attrition did not bias outcomes
or dilute significant findings.

All primary analyses were performed with the HFrEF
subgroup. As mentioned elsewhere I this article, adher-
ence did not differ significantly at any time point. Of the
13 outcome variables, only the PROMIS-Anxiety dif-
fered significantly over time (significant Time x Group
interaction). PROMIS-Anxiety improved for the
HEART Camp group, whereas anxiety increased in the
enhanced usual care group. Otherwise, no differences
were observed in the HFrEF subgroup.
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Fig. 2. (A) Kansas City Cardiomyopathy Questionnaire (KCCQ)
Overall Summary Score. This figure shows the mean KCCQ overall
summary scores in the heart failure with preserved ejection fraction
(HFpEF) subgroup from baseline to 18 months. Analysis of variance
(ANOVA) indicated a statistically significant change by group over
time, F(3,96)=3.4, P=.02. (B) KCCQ clinical summary score. This
figure shows the mean KCCQ clinical summary scores in the HFpEF
subgroup from baseline to 18 months. ANOVA indicated a statistically
significant change by group over time, F(3,95)=62, P=.01. (C)
KCCQ Total Symptom Score. This figure shows the mean KCCQ total
symptom scores in the HFpEF subgroup from baseline to 18 months.
ANOVA indicated a statistically significant change by group over time
F(2.7,85.3)=5.3, P=.003.

To examine the effect of covariates in the models testing inter-
vention effects in both subgroups, we added age, sex, body mass
index, and race (White vs non-White) as covariates. Although
these covariates were significant in some cases, there was no
change in the significance of the Time x Group interaction in
any of the models. Because the effectiveness of the intervention
was not altered by the addition of the covariates, we reported the
unadjusted models in the interest of model parsimony.

Discussion

The purpose of this study was to evaluate the effects of
the HEART Camp intervention on adherence to exercise,
physical function, and patient-reported outcomes in the sub-
groups of adults with HFpEF and HFrEF as compared with
enhanced usual care. In the HFpEF subgroup, adherence
was significantly greater at 12 (42.9% vs 14.3%) and 18
(56% vs 0%) months in the HEART Camp intervention
group compared with enhanced usual care. Physical func-
tion also improved significantly (based on 6MWT distan-
ces) over time in the HEART Camp group compared with
enhanced usual care counterparts. Patient-reported out-
comes, including heart failure-related health status (KCCQ
Overall Summary Score), symptoms (KCCQ, Total Symp-
tom Score), and clinical health status (KCCQ Clinical Sum-
mary Score) were also statistically and clinically significant
when comparing HEART Camp to enhanced usual care.
These findings are critically important given the limited
successful treatment approaches in HFpEF. Our HFrEF sub-
group did not achieve significant differences in adherence,
physical function, or patient-reported outcomes aside from
improvements in anxiety in the HEART Camp intervention
group compared with enhanced usual care over time. This
article is the first to report long-term adherence outcomes
out to 18 months and the first to report sustained improve-
ment in health status from 12 to 18 months in an exercise
trial in adults with HFpEF.

Difficulties with initiation and continued adherence to
exercise have plagued adults with HF, as well as HF clini-
cians. HF-ACTION, the largest study of exercise in HF to
date, included only participants with reduced ejection frac-
tion and reported adherence to the target of 120 minutes per
week at 12 months to be 35%.'°*" In our parent study of
HEART Camp, we enrolled adults with stable chronic HF
and adherence was similar at 42% in the intervention group
at 12 months compared with 19% in the enhanced usual
care group.'’

Interventions such as financial incentives have been used
to successfully encourage short-term (<6 months) partici-
pation in exercise or standard cardiac rehabilitation pro-
grams.”® However, studies of long-term exercise programs
or exercise adherence are limited with little data to inform
effective intervention strategies. To date, Optimex-Clin is
the only completed longer term (12-month) trial focused on
adults with HFpEF. Investigators in the Optimex-Clin trial
defined adherence as 70% or greater attendance at sessions.
Using this definition, the trial’s moderate continuous train-
ing (comparable with the HEART Camp moderate intensity
aerobic training) achieved 60.4% adherence when consider-
ing the full 12-month study, which is similar to the adher-
ence we achieved in our HFpEF subgroup of 56% at 18
months. When Optimex-Clin investigators considered the
home-based portion of the intervention (months 4—12)
alone, adherence was 58.5%.'° In the recent REHAB-HF
trial, adherence was high; however, adherence was mea-
sured by session attendance during the intervention period
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and by patient self-report in the follow-up period.'* Each of
these surrogates for adherence is difficult to validate.
Important to note is that the definition of adherence in
HEART Camp was based on minutes of validated, moderate
intensity exercise (defined as achieving 40%—80% of heart
rate reserve). These differences in adherence definitions
and measurements contribute to the difficulty of comparing
adherence across studies. Establishing a standard definition
of adherence is critical to enhancing intertrial comparisons
in the future and should be made a priority by clinicians and
exercise scientists, particularly in HFpEF where a large-
scale clinical trial has yet to be undertaken. Without stan-
dardization, adherence will remain the perpetual Achille’s
heel of exercise programs in HF.”

Adults with HFpEF in our HEART Camp group
responded more favorably than enhanced usual care peers
in terms of physical function improvements as measured by
6MWT distances at 18 months. The findings were not only
statistically significant (P =.048), but also associated with a
positive and moderate change in clinical status. These
results are consistent with short-term studies of exercise
interventions with HFpEF.”® Maldonado-Martin et al’
reported significant improvements in 6MWT distances in
an exercise training group vs attention-control in a 16-week
exercise intervention trial. This intervention also improved
ventilatory thresholds and peak oxygen consumption, but
these outcomes were not significantly correlated with
improvements in the 6MWT.” Caloric restriction in combi-
nation with exercise have been reported to work synergisti-
cally to improve 6MWT distance in HFpEF.® Physical
function and health status continued to improve over time
for adults with HFpEF in the HEART Camp intervention
group. These improvements may have contributed to the
observed increase in adherence seen between 12 and 18
months.

Interestingly, we did not find significant differences in
adherence or most patient-reported outcomes when compar-
ing HEART Camp with enhanced usual care in our HFrEF
subgroup. This factor suggests that the findings reported in
our primary outcome report were highly influenced by
adherence in the HFpEF subgroup.”” It is unclear whether
these adherence findings were driven by differing patho-
physiological and/or symptom profiles in HFpEF and
HFrEF or disparate responses to exercise that led to
improved adherence among those with HFpEF. Our find-
ings are consistent with a subgroup analysis of REHAB-
HF, in which older adults with HFpEF responded more
favorably to the intervention than HFrEF counterparts.’” In
their analyses, adults with HFpEF responded favorably with
large effect sizes on the short physical performance battery,
the KCCQ, and 6MWT distance. Adherence was similar
across HFpEF and HFrEF subgroups during the intervention
and at follow-up. However, as noted elsewhere in this arti-
cle, adherence was defined based on session attendance and
patient self-report, which may not correspond with objec-
tively measured minutes of moderate intensity exercise.
Taken together, these findings support the potential

usefulness of the HEART Camp intervention to promote
adherence to exercise in adults with HFpEF and, ultimately,
improve patient-reported outcomes in this population.

Several prior exercise interventions trials in HFpEF have
tested intervention effects on quality of life and health sta-
tus outcomes.”™'**" These trials have reported significant
improvements in the physical domains of both the Short-
form-36 and the Minnesota Living with Heart Failure Ques-
tionnaire after supervised aerobic and/or resistance training
interventions.””*" In this subgroup analysis, participants in
the intervention group reported a significantly greater
change over time in their KCCQ overall summary, clinical
summary, and total symptom scores compared with
enhanced usual care. To date, 1 shorter term (20 weeks)
study® and 1 longer term (12 months) study, Optimex-
Clin'’ have used the KCCQ to test exercise effects on
health status in HFpEF. Interestingly, Kitzman et al®
reported that, in a trial of a caloric restriction intervention
compared with and combined with exercise, caloric restric-
tion alone improved KCCQ scores, but exercise did not.
These findings may have resulted from the short-term inter-
vention of only 20 weeks. Comparatively, our findings and
the findings of Optimex-Clin over 12 months showed that,
although initially the scores may be similar across interven-
tion and control groups, over the long-term health status (as
measured with the KCCQ) does seem to improve with exer-
cise interventions.'”

We tested interventional effects on symptoms using the
PROMIS-29. We did not record significant changes
between the groups in our HFpEF subgroup. This study is
the first reported to examine change in specific symptoms
in a trial of exercise in adults with HFpEF aside from
depression. Prior studies have demonstrated that improve-
ments in depression may be achieved with exercise inter-
ventions in adults with HFpEFE.'**" Although we did not
find significant changes here, we did note trends in improve-
ment. Future fully powered studies are needed to see if
these trends would reach significance. In our HFrEF sub-
group, the HEART Camp intervention group reported sig-
nificantly greater improvements in anxiety compared with
enhanced usual care counterparts.

We would like to acknowledge the limitations of this study.
This analysis is a retrospective, subgroup analysis from a parent
study. Therefore, findings should not be generalized beyond
this sample. We recruited from 2 sites in the United States,
namely, Detroit, Michigan, and Lincoln, Nebraska. Despite the
small number of sites, our sample was representative relative to
race and biological sex across groups. Further, we used a consis-
tent interventional protocol at both sites and closely monitored
intervention fidelity as published previously.*> We noted no dif-
ferences in the intervention effects between sites and believe
that our intervention has a high potential for translation. We
acknowledge that, overall, our sample was younger and
included more men than typically reported in the general
HFpEF population. In the parent study, randomization occurred
after a run-in period, which further limits the generalizability of
our findings. The run-in period allowed for monitored exercise
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sessions and equipment orientation before independent exercise
to decrease the risk of participant injury or adverse events.
Future studies may incorporate a stratified sampling approach
to further diversify the sample.

Conclusions

The findings of these subgroup analyses are highly
encouraging, and additional research on alternative, cost-
conscious delivery methods and a larger clinical trial of our
multicomponent intervention to test long-term adherence in
adults with HFpEF is warranted. Exercise remains one of
few treatment strategies to successfully promote positive
outcomes in adults with HFpEF. To further drive these
improvements, interventions to support long-term adher-
ence are critical.

Acknowledgments

Supported by the National Heart, Lung, and Blood Insti-
tute of the National Institutes of Health (NIH) under award
number ROIHL112979 and the National Institute of Gen-
eral Medical Sciences of the NIH under award number
U54GM115458, which funds the Great Plains IDeA-CTR
Network. The content is solely the responsibility of the
authors and does not necessarily represent the official views
of the National Institutes of Health.

References

1. Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/
HFSA focused update of the 2013 ACCF/AHA guideline for
the management of heart failure: A report of the American
College of Cardiology/American Heart Association task force
on clinical practice guidelines and the Heart Failure Society
of America. J] Am Coll Cardiol 2017;70:776-803.

2. Fleg JL, Cooper LS, Borlaug BA, et al. Exercise training as
therapy for heart failure: Current status and future directions.
Circ Heart Fail 2015;8:209-20.

3. Pandey A, Keshvani N, Zhong L, et al. Temporal trends and
factors associated with cardiac rehabilitation participation
among Medicare beneficiaries with heart failure. JACC Heart
Fail 2021;9:471-81.

4. Ritchey MD, Maresh S, McNeely J, et al. Tracking cardiac
rehabilitation participation and completion among Medicare
beneficiaries to inform the efforts of a national initiative. Circ
Cardiovasc Qual Outcomes 2020;13:e005902.

5. Maldonado-Martin S, Brubaker PH, Eggebeen J, Stewart KP,
Kitzman DW. Association between 6-minute walk test dis-
tance and objective variables of functional capacity after exer-
cise training in elderly heart failure patients with preserved
ejection fraction: a randomized exercise trial. Arch Phys Med
Rehabil 2017;98:600-3.

6. Kitzman DW, Brubaker P, Morgan T, et al. Effect of caloric
restriction or aerobic exercise training on peak oxygen con-
sumption and quality of life in obese older patients with heart
failure with preserved ejection fraction: a randomized clinical
trial. JAMA 2016;315:36-46.

7. Haykowsky MJ, Brubaker PH, Stewart KP, Morgan TM,
Eggebeen J, Kitzman DW. Effect of endurance training on the
determinants of peak exercise oxygen consumption in elderly
patients with stable compensated heart failure and preserved
ejection fraction. ] Am Coll Cardiol 2012;60:120-8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Brubaker PH, Avis T, Rejeski WJ, Mihalko SE, Tucker WJ,

Kitzman DW. Exercise training effects on the relationship of
physical function and health-related quality of life among
older heart failure patients with preserved ejection fraction. J
Cardiopulm Rehabil Prev 2020;40:427-33.

. Pandey A, Kitzman DW, Brubaker P, et al. Response to

endurance exercise training in older adults with heart failure
with preserved or reduced ejection fraction. J Am Geriatr Soc
2017;65:1698-704.

Mueller S, Winzer EB, Duvinage A, et al. Effect of high-intensity
interval training, moderate continuous training, or guideline-based
physical activity advice on peak oxygen consumption in patients
with heart failure with preserved ejection fraction: A randomized
clinical trial. JAMA 2021;325:542-51.

Angadi SS, Mookadam F, Lee CD, Tucker WJ, Haykowsky
MlJ, Gaesser GA. High-intensity interval training vs. moder-
ate-intensity continuous exercise training in heart failure with
preserved ejection fraction: a pilot study. J Appl Physiol
(1985) 2015;119:753-8.

Edelmann F, Gelbrich G, Diingen H, et al. Exercise training
improves exercise capacity and diastolic function in patients
with heart failure with preserved ejection fraction: results of
the EX-DHF (exercise training in diastolic heart failure) pilot
study. J Am Coll Cardiol 2011;58:1780-91.

Smart NA, Haluska B, Jeffriess L, Leung D. Exercise training
in heart failure with preserved systolic function: A random-
ized controlled trial of the effects on cardiac function and
functional capacity. Congest Heart Fail 2012;18:295-301.
Kitzman DW, Whellan DJ, Duncan P, et al. Physical rehabili-
tation for older patients hospitalized for heart failure. N Engl J
Med 2021;385:203-16.

Reeves GR, Whellan DJ, Duncan P, et al. Rehabilitation ther-
apy in older acute heart failure patients (REHAB-HF) trial:
design and rationale. Am Heart J 2017;185:130-9.

Cooper LB, Mentz RJ, Sun J, et al. Psychosocial factors, exer-
cise adherence, and outcomes in heart failure patients: insights
from heart failure: a controlled trial investigating outcomes of
exercise training (HF-ACTION). Circ Heart Fail
2015;8:1044.

Pozehl B, Duncan K, Hertzog M, Norman JF. Heart failure
exercise and training camp: effects of a multicomponent exer-
cise training intervention in patients with heart failure. Heart
Lung 2010;39(6 Suppl):1.

Keteyian SJ, Leifer ES, Houston-Miller N, et al. Relation
between volume of exercise and clinical outcomes in patients
with heart failure. J] Am Coll Cardiol 2012;60:1899-905.
Evangelista LS, Hamilton MA, Fonarow GC, Dracup K. Is
exercise adherence associated with clinical outcomes in
patients with advanced heart failure? Phys Sports Med
2010;38:28-36.

Smart N. Exercise training for heart failure patients with and
without systolic dysfunction: an evidence-based analysis of
how patients benefit. Cardiol Res Pract 2010;2011:837238.
Pozehl BJ, Duncan K, Hertzog M, et al. Study of adherence to
exercise in heart failure: the HEART camp trial protocol.
BMC Cardiovasc Disord 2014;14:172.

Pozehl BJ, McGuire R, Duncan K, et al. Effects of the
HEART camp trial on adherence to exercise in patients with
heart failure. J Card Fail 2018;24:654—60.

Norman JF, Kupzyk KA, Artinian NT, et al. The influence of
the HEART camp intervention on physical function, health-
related quality of life, depression, anxiety and fatigue in
patients with heart failure. Eur J Cardiovasc Nurs
2020;19:64-73.

Whellan DJ, O’Connor CM, Lee KL, et al. Heart failure and a
controlled trial investigating outcomes of exercise training
(HF-ACTION): design and rationale. Am Heart J
2007;153:201-11.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on October 18, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0001
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0001
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0001
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0001
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0001
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0001
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0002
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0002
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0002
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0003
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0003
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0003
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0003
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0004
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0004
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0004
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0004
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0005
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0006
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0006
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0006
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0006
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0006
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0007
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0007
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0007
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0007
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0007
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0008
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0008
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0008
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0008
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0008
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0009
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0009
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0009
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0009
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0010
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0010
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0010
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0010
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0010
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0011
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0011
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0011
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0011
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0011
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0012
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0012
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0012
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0012
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0012
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0012
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0013
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0013
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0013
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0013
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0014
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0014
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0014
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0015
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0015
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0015
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0016
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0016
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0016
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0016
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0016
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0017
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0017
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0017
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0017
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0018
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0018
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0018
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0019
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0019
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0019
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0019
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0020
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0020
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0020
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0021
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0021
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0021
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0022
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0022
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0022
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0023
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0023
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0023
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0023
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0023
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0024
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0024
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0024
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0024

ARTICLE IN PRESS

25.

26.

217.

28.

29.

30.

31

32.

33.

The HEART Camp Exercise Intervention Improves Exercise Adherence, Physical

Beckers PJ, Denollet J, Possemiers NM, Wuyts FL, Vrints CJ,
Conraads VM. Combined endurance-resistance training vs.
endurance training in patients with chronic heart failure: a
prospective randomized study. Eur Heart J 2008;29:1858-66.
Williams MA, Haskell WL, Ades PA, et al. Resistance exer-
cise in individuals with and without cardiovascular disease:
2007 update: a scientific statement from the American Heart
Association Council on Clinical Cardiology and Council on
Nutrition, Physical activity, and Metabolism. Circulation
2007;116:572-84.

Bozkurt B, Coats AJ, Tsutsui H, et al. Universal definition and
classification of heart failure: a report of the Heart Failure
Society of America, Heart Failure Association of the Euro-
pean Society of Cardiology, Japanese Heart Failure Society
and writing committee of the universal definition of heart fail-
ure. J Card Fail 2021 Mar 1. [Epub ahead of print].

ATS statement: guidelines for the six-minute walk test. Am J
Respir Crit Care Med 2002;166:111-7.

Demers C, McKelvie RS, Negassa A, Yusuf S. Reliability,
validity, and responsiveness of the six-minute walk test in
patients with heart failure. Am Heart J 2001;142:698-703.
Spertus JA, Jones PG, Kim J, Globe G. Validity, reliability, and
responsiveness of the Kansas City Cardiomyopathy Questionnaire
in anemic heart failure patients. Qual Life Res 2008;17:291-8.
Heidenreich PA, Fonarow GC, Breathett K, et al.
2020 ACC/AHA clinical performance and quality measures
for adults with heart failure: a report of the American College
of Cardiology/American Heart Association Task Force on
Performance Measures. J] Am Coll Cardiol 2020;76:2527-64.
Flynn KE, Lin L, Moe GW, et al. Relationships between changes
in patient-reported health status and functional capacity in outpa-
tients with heart failure. Am Heart J 2012;163:88-94. e3.

Joseph SM, Novak E, Arnold SV, et al. Comparable perfor-
mance of the Kansas City Cardiomyopathy Questionnaire in
patients with heart failure with preserved and reduced ejection
fraction. Circ Heart Fail 2013;6:1139-46.

34.

35.

36.

37.

38.

39.

40.

41.

42.

e Alonsoetal 11

Cella D, Riley W, Stone A, et al. The Patient-Reported Out-
comes Measurement Information System (PROMIS) devel-
oped and tested its first wave of adult self-reported health
outcome item banks: 2005-2008. J Clin Epidemiol
2010;63:1179-94.

Cook KF, Jensen SE, Schalet BD, et al. PROMIS measures of
pain, fatigue, negative affect, physical function, and social
function demonstrated clinical validity across a range of
chronic conditions. J Clin Epidemiol 2016;73:89-102.

Schalet BD, Hays RD, Jensen SE, Beaumont JL, Fries JF,
Cella D. Validity of PROMIS physical function measured in
diverse clinical samples. J Clin Epidemiol 2016;73:112-8.
O’Connor CM, Whellan DJ, Lee KL, et al. Efficacy and
safety of exercise training in patients with chronic heart
failure: HF-ACTION randomized controlled trial. JAMA
2009;301:1439-50.

Gaalema DE, Elliott RJ, Savage PD, et al. Financial incentives
to increase cardiac rehabilitation participation among low-
socioeconomic status patients: a randomized clinical trial.
JACC Heart Fail 2019;7:537-46.

Mentz RJ, Whellan DJ, Reeves GR, et al. Rehabilitation inter-
vention in older patients with acute heart failure with pre-
served versus reduced ejection fraction. JACC Heart Fail
2021 Jun 29. [Epub ahead of print].

Nolte K, Herrmann-Lingen C, Wachter R, et al. Effects of
exercise training on different quality of life dimensions in
heart failure with preserved ejection fraction: the EX-DHF-P
trial. Eur J Prev Cardiol 2015;22:582-93.

Kitzman DW, Brubaker PH, Morgan TM, Stewart KP, Little
WC. Exercise training in older patients with heart failure and
preserved ejection fraction: a randomized, controlled, single-
blind trial. Circ Heart Fail 2010;3:659-67.

McGuire R, Duncan K, Pozehl B. Incorporating intervention
fidelity components into randomized controlled trials promot-
ing exercise adherence in heart failure patients. Res Nurs
Health 2019;42:306-16.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on October 18, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0025
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0025
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0025
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0025
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0026
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0026
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0026
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0026
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0026
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0026
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0027
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0027
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0027
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0027
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0027
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0027
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0028
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0028
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0029
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0029
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0029
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0030
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0030
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0030
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0031
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0031
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0031
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0031
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0031
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0032
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0032
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0032
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0033
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0033
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0033
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0033
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0034
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0034
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0034
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0034
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0034
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0035
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0035
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0035
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0035
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0036
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0036
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0036
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0037
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0037
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0037
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0037
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0037
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0038
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0038
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0038
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0038
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0039
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0039
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0039
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0039
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0040
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0040
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0040
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0040
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0041
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0041
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0041
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0041
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0042
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0042
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0042
http://refhub.elsevier.com/S1071-9164(21)00363-8/sbref0042

	The HEART Camp Exercise Intervention Improves Exercise Adherence, Physical Function, and Patient-Reported Outcomes in Adults With Preserved Ejection Fraction Heart Failure
	Recommended Citation
	Authors

	The HEART Camp Exercise Intervention Improves Exercise Adherence, Physical Function, and Patient-Reported Outcomes in Adults With Preserved Ejection Fraction Heart Failure
	Bullet Points
	Lay Summary
	Proposed Tweet
	Methods
	Design
	Setting and Sample for the Parent Study
	Sample for the Subgroup Analyses
	HEART Camp Intervention
	Data Collection and Measurement Tools
	Statistical Analyses

	Results
	Discussion
	Conclusions
	Acknowledgments
	References


