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BACKGROUND: The REHAB-HF (Rehabilitation Therapy in Older Acute Heart Failure Patients) trial showed that a novel, early,
transitional, tailored, progressive, multidomain physical rehabilitation intervention improved physical function and quality of life
in older, frail patients hospitalized for acute decompensated heart failure. This analysis examined the relationship between
intervention adherence and outcomes.

METHODS AND RESULTS: Adherence was defined as percent of sessions attended and percent of sessions attended ad-
justed for missed sessions for medical reasons. Baseline characteristics were examined to identify predictors of session
attendance. Associations of session attendance with change in physical function (Short Physical Performance Battery [pri-
mary outcome], 6-minute walk distance, quality of life [Kansas City Cardiomyopathy Questionnaire], depression, and clinical
events [landmarked postintervention]) were examined in multivariate analyses. Adherence was 67%+34%, and adherence
adjusted for missed sessions for medical reasons was 78%+34%. Independent predictors of higher session attendance
were the following: nonsmoking, absence of myocardial infarction history and depression, and higher baseline Short Physical
Performance Battery. After adjustment for predictors, adherence was significantly associated with larger increases in Short
Physical Performance Battery (parameter estimate: f=0.06[0.03-0.10], P=0.001), 6-minute walk distance (3=1.8[0.2-3.5],
P=0.032), and Kansas City Cardiomyopathy Questionnaire score (3=0.62[0.26—0.98], £=0.001), and reduction in depression
(B=—0.08[-0.12 to 0.04], P<0.001). Additionally, higher adherence was significantly associated with reduced 6-month all-cause
rehospitalization (rate ratio: 0.97 [0.95-0.99], P=0.020), combined all-cause rehospitalization and death (0.97 [0.95-0.99],
P=0.017), and all-cause rehospitalization days (0.96 [0.94-0.99], P=0.004) postintervention.

CONCLUSIONS: In older, frail patients with acute decompensated heart failure, higher adherence was significantly associated
with improved patient-centered and clinical event outcomes. These data support the efficacy of the comprehensive adher-
ence plan and the subsequent intervention-related benefits observed in REHAB-HF.

REGISTRATION: URL: https://clinicaltrials.gov/; Unique identifier: NCT02196038.
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CLINICAL PERSPECTIVE

What Is New?

e High adherence was achieved during a physical
rehabilitation intervention using tailored adher-
ence strategies designed to address specific
functional and social determinant of health needs
of older, frail patients with acute decompensated
heart failure and with multiple comorbidities.

e High adherence was associated with greater im-
provements in physical function, quality of life,
reduction in depression, and improved clinical
event outcomes.

What Are the Clinical Implications?

e The effectiveness of the physical rehabilitation
intervention was attributable in large part to the
high adherence accomplished in the interven-
tion program.

e Patient factors traditionally viewed as poten-
tial barriers to intervention adherence can be
addressed with a priori strategic planning to
ensure intervention fidelity, which is key to maxi-
mizing the benefits from a physical rehabilitation
intervention, especially for older patients with
serious ilinesses like HF.

Nonstandard Abbreviations and Acronyms

6MWD 6-minute walk distance

ADHF Acute decompensated heart failure

KCCQ Kansas City Cardiomyopathy
Questionnaire

SPPB  Short Physical Performance Battery

in a diverse population of older patients hospitalized
for ADHF.?

Adherence is critical to maximizing the pleth-
ora of potential benefits associated with exercise in-
terventions.®* In the HF-ACTION (A Controlled Trial
Investigating Outcomes of Exercise Training) trial
of aerobic exercise in relatively young (mean age
59 years), stable outpatients with chronic heart failure
with reduced ejection fraction, adherence rates were
relatively low (only 40% self-reported weekly training
volumes at or above recommended threshold) and
may have impacted overall study results.® Post hoc
analyses showed that greater adherence was asso-
ciated with improved exercise capacity and reduced
risk for cardiovascular death and heart failure (HF)
hospitalization.® Low adherence rates were associated
with demographic factors, such as younger age, Black
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race, and male sex, as well as baseline measures of
depression, low QOL, and low functional capacity.®

In contrast, the REHAB-HF population included
those with ADHF, heart failure with preserved ejec-
tion fraction,” advanced age (mean 73 years), mul-
tiple comorbidities,® high rates of frailty,® severely
impaired physical function, cognitive impairment,'®
and low QOL." The intervention differed as well, ad-
dressing multiple domains of physical function, and
being tailored to individuals’ specific deficits. The
REHAB-HF trial designed comprehensive adherence
strategies that were consistent with the National
Institutes of Health Behavior Change Consortium
Treatment Fidelity Workgroup recommendations in
order to specifically address potential adherence
risks.’>™® Although the mean adherence rate was
relatively high, there was substantial variation, and
the relationships between adherence to the interven-
tion and outcomes in this high-risk population are
unknown.

The goal of this analysis was to examine the rela-
tionship between adherence to the REHAB-HF inter-
vention and key trial outcomes, as well as to identify
specific baseline factors that were associated with ad-
herence. We hypothesized that the greater adherence
to the REHAB-HF intervention, defined in terms of ses-
sion attendance, would be associated with improved
outcomes.

METHODS

Trial Design

The data that support the findings of this study are
available from the first author upon reasonable re-
quest. Details of trial design and the intervention
have been previously described and primary trial
results have been previously published.?'3' Briefly,
REHAB-HF was a multisite study of a 12-week, tai-
lored, progressive, multidomain physical rehabili-
tation intervention. Participants were 349 patients
aged >60 years, hospitalized >24 hours for ADHF,
regardless of ejection fraction (EF). Participants were
required to be independent and ambulatory before
admission and be expected to be discharged home.
Key exclusion criteria included acute myocardial in-
farction, end-stage HF, estimated glomerular filtration
rate <20 mL/min per 1.73 m? or requiring dialysis,
current participation in formal cardiac rehabilitation,
and inability to participate because of dementia,
stroke, or other disorder. The protocol was approved
by the Institutional Review Board at each of the 7
clinical sites. All patients provided informed consent.
After stabilization of ADHF and obtaining informed
consent, participants underwent baseline testing and
were randomized to the Rehabilitation Intervention
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or usual care Attention Control. Randomization was
stratified by EF category and clinical site.

Intervention

The intervention began as inpatient, 1 session daily
when possible, and continued as outpatient for
12 weeks, 3 d/wk, for a total of 36 sessions. The inter-
vention was multidomain, targeting strength, balance,
mobility, and endurance. Sessions were one-on-one
(participant:interventionist), tailored to individuals’
deficits, and designed to progress through specific
exercises to improve each of the 4 domains. At each
session, participants were assessed across the 4
domains to systematically guide interventionists in the
exercise progression.

After initial discharge from the hospital, each par-
ticipant received a home visit from an interventionist
to perform a home and built environment assessment.
This was designed to reestablish the goals of the in-
tervention; identify and address potential barriers
to participating in the intervention, such as lack of
transportation or social support from informal or for-
mal caregivers; identify safe and accessible areas for
exercise, including sturdy surfaces, quality roads and
sidewalks, and community-based resources such as
exercise facilities and walking paths; and establish a
home exercise regimen that could be safely imple-
mented. The home exercise program consisted of
light-intensity walking and strengthening exercises,
gradually increasing toward a goal of 30 minutes on
nonfacility days.

After the 3-month outpatient intervention and out-
comes assessments, participants transitioned to a
self-guided maintenance phase. Interventionists pre-
pared participants by developing a maintenance ex-
ercise prescription, inclusive of potential resources for
continued exercise options in their home and/or built
environment, such as local parks or fithess clubs, se-
nior centers, Silver Sneakers, or Phase Il cardiac reha-
bilitation (if indicated). Participants were followed with
monthly telephone calls to assess exercise adherence
until month 6 post index hospital discharge.

Adherence Strategies

As extensively described in several prior publications,
an a priori comprehensive adherence plan with multiple
strategies was implemented to maximize participant
retention and adherence.?”'3* The plan, consistent
with the National Institutes of Health Behavior Change
Consortium Treatment Fidelity Workgroup recommen-
dations,”” was designed to address specific functional
and social determinant of health needs of older, frail
patients and are described in Table 1. The Sustaining
Participant Engagement Committee, which is a team
of experts in physical therapy, exercise physiology,
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behavioral modification, and clinical trial management,
provided oversight for intervention progression, reten-
tion, and adherence.

Intervention Adherence Metrics

The prespecified measure of adherence to the inter-
vention was intervention session attendance. The raw
rate of adherence was defined as a percent of the 36
sessions attended by participants. Because of the
high comorbidity burden, frequent rehospitalizations,
and frequent medical appointments necessary for
these participants, adherence was also calculated as
a percent of scheduled sessions, where the numera-
tor is the number of sessions attended and the de-
nominator is 36 less the number of sessions missed
for medical reasons. Missed sessions were tracked for
all participants. Those that were missed because of
rehospitalizations, acute illness, or conflicting medical
appointments constituted missed sessions for medi-
cal reasons. Precedent for adjusting attendance for
scheduled medical-related visits in National Institute of
Aging-funded trials of older, frail participants was es-
tablished in the LIFE-Pilot and LIFE trials, the largest
multisite physical function intervention in older adults
that used Short Physical Performance Battery (SPPB)
as primary outcome.'®' Participant retention was de-
fined as the percentage of participants who did not
prematurely discontinue the intervention (excluding
death). Participants who died during the intervention
were excluded from analysis.

Outcomes

Outcomes of physical function, QOL, depression, and
cognition were assessed at baseline in the hospital
after initial treatment and stabilization for ADHF, and
at 3 months following discharge from the index hospi-
talization discharge. All assessments were conducted
by study personnel blinded to randomized group
assignment.

The primary outcome was the SPPB. The SPPB
is a standardized, reproducible, global physical func-
tion measure that has been validated in older and
frail populations and is predictive of a range of clinical
outcomes.'®20 |t consists of 3 components: a stand-
ing balance test, a 4-meter walk test, and a repeated
chair-stand test. Each component is scored on a scale
of 0—4 with a total score of 0-12, with higher scores
indicating better physical function.

Physical function was also assessed using gait
speed (from the 4-meter walk), and 6-minute walk dis-
tance (6MWD). QOL was assessed using the Kansas
City Cardiomyopathy Questionnaire (KCCQ) overall
score, on a scale of 0-100, with a higher score indicat-
ing better health status.?' Depressive symptoms were
assessed using the Geriatric Depression Scale-15.22
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Table 1. REHAB-HF Adherence Plan

Strategy Implementation examples

Identify and * |dentify barriers:

address medical ° Comorbidities

and social ° Conflicting medical appointments
barriers ° Conflicting personal commitments (work,

childcare, travel)

° Lack of social support

° Lack of transportation

* Implement mitigation solutions:

° Adapt intervention to accommodate
comorbid conditions, guided by SPEC

° Allow for flexible session scheduling

° Engage formal or informal caregivers (family,
friends, neighbors)

° Devise transportation plan with local
services or family members

Engage social
support

e With participant approval, engage caregivers

in:

° Discussions with study doctor and
interventionists for setting goals and
mitigating barriers

° Encouragement and support for
the participant to comply with study
requirements

Communicate

e Provide:

interruptions to
the intervention

study ° Behavioral agreement detailing intervention
expectations requirements (3x/wk for 12 wks)
° Written schedule of all intervention visits
° Written communications about clinic visits
° Same-day phone calls for reminders and
missed visits when necessary
Manage e Implement management actions:

° Document missed sessions and reasons
(personal vs medical)

° Provide timely contact with participants
following missed visits

° Recommence intervention as soon as
feasible after resolution of intervening issue

° Upon recommencement, reevaluate
functional level and re-introduce exercises
for safe progress

° Allow make-up sessions when missing >3
consecutive visits for medical issues

Monitor and
report participant
progress

¢ Biweekly meetings of the SPEC to discuss
participant engagement, retention, and
adherence:
° Review health status, adherence, and
exercise progression of each participant
° Collaboratively discuss solutions to mitigate
barriers
° Develop progress reports for visual display
of progression
- Use progress reports as basis of
collaborative decision-making between
participant and interventionist for goal
setting and progression

Develop
participant
self-efficacy

e Promote self-management of exercise:

° Train participants on safe exercise
performance throughout intervention
sessions

° Prescribe home exercise

. Perform on nonfacility days to support
mastery of skills taught in outpatient session

. Align with recommendations from home
and built environment assessment and
participant goals and activity preferences

- Track compliance

SPEC indicates Sustaining Participant Engagement Committee.
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Cognition was assessed using the Montreal Cognitive
Assessment.?® Frailty was assessed using the Fried
frailty phenotype, as previously described.®?* For this
article, change in 3-month outcomes from baseline
was used for analysis.

Clinical events of rehospitalization, rehospitaliza-
tion days, and death were collected through partici-
pant interview and electronic medical record through
6 months following discharge from index hospital-
ization. Since clinical events occurring during the
intervention period could potentially affect adher-
ence, overall adherence was calculated at the end of
the intervention period. Therefore, only clinical events
occurring in the postintervention period were included
in the association analyses described below.

Statistical Analysis

These analyses were conducted in the intervention
arm of the trial. Continuous data are presented as
means+SD or frequency (percent). In all analyses,
the number of sessions attended was chosen as the
metric of adherence in order for associations to be
described per session. General linear models were
constructed to examine the bivariate relationships
between number of sessions attended and baseline
participant characteristics. Characteristics that were
significant in bivariate analysis at a level of P<0.10 as
well as number of missed sessions for medical rea-
sons were entered into a regression model with back-
wards selection with number of sessions attended as
the dependent variable to test for independent pre-
dictors of adherence. Spearman correlations were
calculated to assess the relationship between adher-
ence and change in 3-month outcomes. To examine
the adjusted relationship between session attend-
ance and change in 3-month outcomes, multiple lin-
ear regression models were constructed with change
in 3-month outcomes as the dependent variable, ad-
justing for age, sex, clinical site, EF category, base-
line outcome measure, number of missed sessions
for medical reasons, and significant independent
predictors of adherence identified in the prior analy-
ses. Results were reported as regression parameter
estimates (Bs) and 95% Cls. Model and partial R?
were also presented to represent percent of variance
explained. The relationship between session attend-
ance and the total number of all-cause rehospitaliza-
tion, death, and combined all-cause rehospitalization
and death occurring in the postintervention period
were assessed using generalized linear models with
a Poisson distribution, adjusted for age, sex, EF cate-
gory, clinical site, and significant independent predic-
tors of adherence identified in the prior analyses. The
relationship of session attendance with rehospitali-
zation days occurring in the postintervention period
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were assessed using generalized linear models with
a negative binomial distribution to account for overd-
ispersion, adjusted for age, sex, EF category, clinical
site, and significant independent predictors of adher-
ence identified in the prior analysis. Results were re-
ported as rate ratios and 95% Cls. A 2-tailed P value
of <0.05 was used to determine significance.

RESULTS

Of the 349 participants enrolled in the REHAB-HF trial,
175 were randomized to intervention. Intervention par-
ticipants were 73.1+£8.5 years, 49% female, 46% non-
White, and 53% heart failure with preserved ejection
fraction, had high rates of previous hospitalizations
(43%) and comorbidities (mean: 5.3+2.0), and 53%
were frail. Physical function and QOL were severely
impaired, with an average SPPB score of 6.0+2.8,
B6MWD of 194+104 meters, and a KCCQ score of
40«21 (Table 2). The median time from index hospital
discharge to initiation of outpatient exercise sessions
was 10 days (interquartile range: 6-13).

Of the participants randomized to intervention,
163 were alive at 3-month follow-up (N=12 died be-
fore 3-month follow-up, completing an average of 11
sessions, and were not included in analyses).? Average
sessions attended were 24+12, for an adherence rate
of 67%+34% (Table 3). Participants missed an aver-
age of 156.4+12.2 sessions during the 3-month inter-
vention, with 30% (N=829) being because of medical
reasons, including frequent rehospitalizations during
the intervention period (total of 97 rehospitalizations
among 58 participants, Table S1). When accounting
for missed sessions because of illness, medical ap-
pointments, and rehospitalizations, the adherence rate
was 78%=+34%. Furthermore, adherence rates were
even higher for participants who did not discontinue
the intervention (N=133) to an average of 81%+22%
(or 88%=+18% when adjusted for missed sessions for
medical reasons).

In general linear models, nonsmoking, absence of
history of myocardial infarction, absence of depres-
sion, and higher baseline SPPB, 6MWD, and KCCQ
score were positively associated with session atten-
dance (Table 2). Additionally, there were nonsignificant
trends for associations between hyperlipidemia, de-
pression, and low QOL, and greater number of frailty
criteria with lower adherence. Number of missed ses-
sions for medical reasons was also associated with
adherence (B=-0.68[-0.93, —-0.44], P<0.001). In mul-
tivariate regression analyses, number of missed ses-
sions for medical reasons had the biggest impact on
session attendance (3 [95% Cl]=-0.77 [-1.00 to —0.55],
P<0.001), partial R°=0.18, representing 18% of the vari-
ance in adherence not explained by other predictors.
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Table 2. Baseline Characteristics of Rehabilitation
Intervention Participants and Bivariate Associations with
Session Attendance

Parameter
Characteristics N=175 estimate (95% CI) | P value
Age (y) 73.1+8.5 0.8(-0.1t00.3) 0.50
Women 85 (49%) -2.5(-6.2t0 1.3) 0.19
Non-White 81 (46%) 21 (-1.6 10 5.8) 0.27
BMI (kg/m?) 32.9+8.2 0.0 (-0.2t00.2) 0.94
Preserved ejection 93 (53%) 21 (-1.6t05.9) 0.26
fraction (=45%)
Days hospitalized at 4 (3-7) -0.1(-0.6t00.4) 0.82
index hospitalization,
median (IQR)
Patients with previous 76 (43%) -2.5(6.3t01.2) 0.19
hospitalizations
Smoking 17 (10%) -6.7 (-12.9t0 -0.4) | 0.036
Alcohol abuse 7 (4%) 6.1 (-3.4 to 15.6) 0.21
> High school education | 140 (80%) | 1.9 (-2.8 to 6.5) 0.43
Live with spouse or 67 (38%) 2.0(-1.91t05.8) 0.32
partner
Comorbidities (N) 5.4+2.0 -0.4 (-1.3t0 0.5) 0.38
Hypertension 159 (91%) | 0.8 (-5.7t0 7.3) 0.80
History of myocardial | 31 (18%) -5.9 (-10.8 to -1.1) 0.015
infarction
History of coronary 55 (31%) 0.6 (-3.4t0 4.6) 0.77
revascularization
Atrial fibrillation 89 (51%) 2.0(-1.8t05.7) 0.30
Diabetes 103 (59%) | 0.4 (-3.4t04.2) 0.82
Hyperlipidemia 110 (63%) | -3.1(-6.9t00.7) 0.1
Depression 29 (17%) -4.6 (-9.6 t0 0.4) 0.071
Dementia or cognitive | 6 (3%) 1.7 (-8.5t0 12.0) 0.74
impairment
Urinary incontinence* | 19 (13%) -1.2(-7.0t0 4.6) 0.68
Patients with falls in 24 (17%) -1.6 (-6.9t03.8) 0.57
last 3 monthst
Baseline assessments
SPPB score 6.0+2.8 0.62 (-0.04 t0 1.28) | 0.067
MWD (m) 1944104 0.19 (0.01 t0 0.37)* | 0.041
KCCQ overall score 40+21 0.08 (-0.01 t0 0.17) 0.070
GDS-15 score 4.7+3.3 -0.3(-0.9t00.3) 0.30
MoCA score 21.9+4.2 0.1 (-0.4t0 0.5) 0.71
Frail (>3 frailty criteria) | 92 (53%) 2.2(-1.6t05.9) 0.26
Number of frailty 2.5+1.1 -1.4 (-3.0t0 0.3) 0.11
criteria

Data presented as N (%) or mean+SD, unless otherwise indicated.
Parameter estimates shown as association with number of intervention
sessions attended. 6MWD indicates 6-minute walk distance; BMI, body
mass index; GDS-15, Geriatric Depression Scale; IQR, interquartile range;
KCCQ, Kansas City Cardiomyopathy Questionnaire; MoCA, Montreal
Cognitive Assessment; and SPPB, Short Physical Performance Battery.

*N assessed=144.

N assessed=143.

*Per 10-meter difference.

Other independent predictors of session attendance
included history of myocardial infarction (-7.2 [-11.3,
-31], P<0.001) and depression (-4.2 [-8.6,0.06],
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Table 3. Adherence to the Rehabilitation Intervention

Adherence in REHAB-HF

Number of Adherence rate Medically adjusted adherence
Intervention participants patients Average sessions attended | (% of 36 sessions) (% of scheduled sessions)
Alive at 3-mo follow-up 163 24.3+12.4 67.4£34.4 75.0£33.9
Alive with primary outcome 149 26.1£11.0 72.6+£30.7 79.8+29.6
Alive and completing intervention (did not | 133 29.0+7.8 80.5+21.6 88.2+17.7
prematurely discontinue)

Data presented as N or mean+SD.

P=0.053), smoking (-6.9 [-12.4, —1.4], P=0.014), and
baseline SPPB (0.57 [0.01,1.14], P=0.046) (Table 4).

Higher session attendance was significantly asso-
ciated with larger improvements in SPPB, gait speed,
6MWD, KCCQ, and depressive symptoms by the
Geriatric Depression Scale (Table 5). These associa-
tions remained significant after adjustments for poten-
tial confounders and covariates of baseline outcome
measure, age, sex, EF category, clinical site, and
number of missed sessions for medical reasons, myo-
cardial infarction, depression, smoking, and baseline
SPPB.

Session attendance was also significantly associ-
ated with a decreased rate of 6-month all-cause re-
hospitalization in the 3 months following intervention
(0.97 [0.96-0.99], P=0.020), combined all-cause re-
hospitalization and death (0.98 [0.96-1.00], P=0.026),
and all-cause rehospitalization days (rate ratio, 0.96
[0.94-0.99], P=0.002) during the postintervention
(Table 6). There was no association between session
attendance and all-cause death (N=9).

Although we have previously reported trends to-
ward evidence of heterogeneity by EF subgroup,” there
was no significant interaction by EF subgroup for rela-
tion between adherence and outcomes.

DISCUSSION
This report examined the relationship between ad-
herence to an innovative, transitional, tailored,

progressive, multidomain physical rehabilitation in-
tervention and physical function, QOL, and clinical

Table 4. Independent Predictors of Session Attendance

event outcomes in an older, frail, high-risk population
of patients with ADHF. Despite frailty, multimorbidity,
and barriers to exercise, REHAB-HF attained a high
rate adherence of 78% adjusted for missed sessions
for medical reasons. Independent predictors of higher
adherence included nonsmoking, absence of history
of myocardial infarction, absence of depression, higher
baseline SPPB, and fewer missed sessions for medi-
cal reasons. Higher adherence to the intervention was
significantly associated with greater improvements in
multiple patient-important measures including physi-
cal function, HF-specific QOL, and depressive symp-
toms. Notably, higher adherence was also associated
with lower rates of clinical event outcomes, including
all-cause hospitalizations and combined rehospitaliza-
tions and death following the intervention period. These
associations remained even after adjustment for par-
ticipant characteristics that independently predicted
adherence. These findings support the efficacy of the
adherence strategies implemented, the intervention-
related benefits demonstrated in the REHAB-HF trial,
and the importance of maintaining high adherence in
exercise interventions for older patients with ADHF.
Although several factors had bivariate associations
with session attendance, relatively few patient charac-
teristics appeared to be independently associated with
session attendance in multivariate analyses. Notably,
factors such as age, sex, race, as well as cognitive
dysfunction, living alone, and alcohol abuse were not
associated with session attendance. Unsurprisingly,
the strongest factor influencing session attendance
was missed visits for medical reasons, explaining 18%

Predictors Parameter estimate (95%Cl) Partial R? P value
Missed sessions for medical reasons -0.77 (-1.00 to —-0.55) 0.18 <0.001
Myocardial infarction -7.2 (-11.83t0 -3.1) 0.07 <0.001
Depression -4.2 (-8.6,t0 0.1) 0.03 0.053
Smoking -6.9 (-12.4 to -1.4) 0.03 0.014
Baseline SPPB score 0.57 (0.01 to 1.14) 0.02 0.046
Baseline BMWD (removed from model)

Baseline KCCQ overall score (removed from model)

Variables entered into model included all variables with bivariate association with sessions attended at a P<0.1 level of significance. Variables removed
from model did not achieve statistical significance after backwards selection. BMWD indicates 6-minute walk distance; KCCQ, Kansas City Cardiomyopathy

Questionnaire; and SPPB, Short Physical Performance Battery.
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Table 5. Associations of Session Attendance with Change in 3-Month Outcomes

Correlations Multivariate associations*
Parameter estimate

3-Month outcome r P value Model R? (95% Cl) Partial R? P value
A SPPB score 0.22 0.008 0.35 0.06 (0.03 t00.10) 0.16 0.001
A Gait speed (m/s) 0.23 0.004 0.27 0.004 (0.001 t00.008) 0.08 0.012
ABMWD (m) 0.24 0.007 0.25 1.8 (0.2 t03.5) 0.06 0.032
A KCCQ overall score 0.24 0.004 0.42 0.62 (0.26 100.98) 0.07 0.001
A MoCA score 0.03 0.76 0.01 0.01 (-0.05 to -0.09) 0.00 0.63
A GDS-15 score -0.20 0.018 0.41 ~0.08 (-0.12 to —0.04) 0.07 <0.001

Data presented for all participants with follow-up measure. BMWD indicates 6-minute walk distance; GDS-15, Geriatric Depression Scale; KCCQ, Kansas
City Cardiomyopathy Questionnaire; MoCA, Montreal Cognitive Assessment; and SPPB, Short Physical Performance Battery.
*Adjusted for age, sex, clinical site, ejection fraction category, baseline measure, number of missed medical sessions, myocardial infarction, depression,

smoking, and baseline SPPB score.

of the variance in adherence not explained by other
factors, while only a small percent of attendance was
explained by patient-specific baseline factors. The
association between a medical history of myocardial
infarction, and the nonsignificant trend of hyperlipid-
emia suggests a potential atherosclerotic heart dis-
ease link. Other independent predictors of adherence
such as nonsmoking (which is itself a health behavior),
higher physical function, and absence of depression
are in agreement with prior studies. For example, in
HF-ACTION, patients with poor adherence were more
likely to be young, female, Black, have higher body
mass index, more severe baseline New York Heart
Association class, depression, and lower baseline
peak oxygen capacity and KCCQ.® While our findings
suggest some overlap of factors influencing adher-
ence, including physical function and depression, our
study did not identify demographic factors as predic-
tors of adherence. This is in agreement with the LIFE-
Pilot (Lifestyle Interventions and Independence for
Elders Pilot Study) study, which also found that a small
amount of the variance in adherence was explained by
demographic factors, and that proactive strategies for
addressing nonadherence are essential for success-
ful interventions.?® These results suggest that relatively
strong adherence observed in the REHAB-HF trial may
have been because of the comprehensive and targeted
strategies designed to promote adherence.

These results also highlight the importance of ad-
herence and its relation to efficacy in exercise interven-
tions, particularly in HF populations and older adults.
In the HF-ACTION study of stable patients with heart
failure with reduced ejection fraction, adherence rates
were low with only =40% of patients reporting tar-
geted training volumes despite strenuous adherence
and retention efforts.® Despite low adherence to the
HF-ACTION intervention in an overall positive trial, ad-
herence to the exercise program vyielded significantly
greater benefit in peak oxygen consumption in post
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hoc analyses.® In the EJECTION-HF (Exercise Joins
Education: Combined Therapy to Improve Outcomes
in Newly-Discharged Heart Failure) study of patients
with recent ADHF, adherence was quite low: only 43%
of participants attended at least 50% of scheduled ses-
sions, and may have contributed to a neutral trial result
of reducing death and rehospitalization.?® In contrast,
adherence rates in the LIFE (Lifestyle Interventions and
Independence for Elders) trial and its pilot study of older
adults at risk of mobility disability were higher, at 63%
of scheduled sessions adjusting for missed sessions
for medical reasons,'® and ranged 50%-76% in the
LIFE-Pilot study.” In post hoc analyses, the LIFE-Pilot
study demonstrated associations between higher ad-
herence to a physical activity intervention and greater
improvement in SPPB score of 1.4 units in participants
achieving >150 min/wk of moderate activity."”

In REHAB-HF, high adherence was associated
with multiple important outcomes. These included
larger improvements in multiple patient-centered out-
come measures including physical function by the
SPPB and 6MWD, QOL as assessed by the KCCQ,
and reduced depressive symptoms by the Geriatric
Depression Scale. Notably, all-cause rehospitalization,
combined all-cause rehospitalization and death, and
days rehospitalized were reduced by rates of 3%, 3%,
and 4% per additional session attended, respectively.
Collectively, these findings provide strong support for
a dose-response relationship between adherence to
the REHAB-HF intervention and improved outcomes
and support the benefits observed in the intervention
participants. Our findings also significantly extend
prior studies in multiple ways, by demonstrating the
effectiveness of a comprehensive adherence plan in
a cohort that was older and frail, with broad func-
tional impairments, and burdened by multiple co-
morbid conditions, resulting in high adherence rates
during a robust and effective physical rehabilitation
intervention.
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Table 6. Multivariable Associations of Session Attendance
with 6-Month Clinical Event Outcomes Postintervention
Period

Clinical event Parameter estimate

outcome (95% CI) P value
All-cause 0.97 (0.95-0.99) 0.020
rehospitalizations after

intervention

All-cause death after 0.95 (0.88-1.39) 0.27
intervention

Combined all-cause 0.97 (0.95-0.99) 0.017
rehospitalization and

death after intervention

All-cause 0.96 (0.94-0.99) 0.004
rehospitalization days

after intervention

Adjusted for age, sex, clinical site, ejection fraction category, number
of missed medical visits, myocardial infarction, depression, smoking, and
baseline Short Physical Performance Battery score.

What may have produced these high rates of adher-
ence demonstrated in the REHAB-HF trial? First, by de-
sign, and with recognition that adherence is crucial to
the impact of a behavioral intervention, the REHAB-HF
trial was equipped with several mechanisms and strat-
egies (in accord with the National Institutes of Health
Behavior Change Consortium Treatment Fidelity
Workgroup recommendations) to enhance adherence
both before participant enrolliment and in real-time after
participant enrollment (Figure).'>'* As demonstrated by
the high numbers of rehospitalizations during the in-
tervention (33% of participants) and missed sessions
for medical reasons, a comprehensive a priori plan
was essential in promoting adherence in patients with

Adherence in REHAB-HF

ADHF. Second, the individualized, tailored interven-
tion was designed specifically for patients with ADHF
being discharged from the hospital with severely im-
paired physical function, frailty, cognitive dysfunction,
and multiple comorbidities, who have been typically
excluded from traditional exercise programs and stud-
ies.?"29 By addressing the needs of older patients with
ADHF, targeting deficits across strength, balance, mo-
bility, and endurance domains, the intervention was
effective at improving multiple outcomes.? Third, it is
likely that for these frail, sick patients, being aware
of their deficits and their progression in the interven-
tion may have enhanced their motivation and adher-
ence. This is supported by the vast improvements in
HF-related QOL and physical function.

There are several clinical implications based on
these findings. First, the effectiveness of this interven-
tion was attributable in large part to the high adherence
accomplished in the intervention program. Second,
our data demonstrate that patient factors tradition-
ally viewed as potential barriers to intervention adher-
ence can be addressed with a priori strategic planning
and implementation. Further individualization of those
strategies in real-time to address participant-specific
functional deficits and intervention barriers is a key to
maximizing the benefits from a physical rehabilitation
intervention, especially for patients with HF.

This study has several strengths. Participants were
well-phenotyped, included both heart failure with
preserved ejection fraction and heart failure with re-
duced ejection fraction, were older, frail, and diverse
with =50% female and minority representation. The

Comprehensive

adherence
strategies &
monitoring

REHAB-HF

Intervention

ffecti a
tar;etsc:‘;zlcylﬂc = H Igh
[t Adherence

Rate

Increased
participant self-
management
and perception
of improvement

Improved Outcomes

1 Physical Function

1 Quality of Life

{ Depression

J Risk of Rehospitalization & Death

Figure.

Increased adherence rate in REHAB-HF was the combined effect of a comprehensive

adherence plan, a robust and effective intervention designed to target specific deficits in ADHF,

and subjective patient awareness of improvement.

Higher adherence was related to greater improvements in physical function, quality of life, reduced
depression, and reduced clinical events. ADHF indicates acute decompensated heart failure.
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multisite design, which included both community and
tertiary care sites, increases the generalizability of our
findings. We also implemented a highly novel interven-
tion with comprehensive, research-based strategies
to enhance adherence. Finally, we prospectively col-
lected detailed adherence data, allowing for analyses
between adherence and outcomes.

However, there are several limitations. The sample
size may be insufficient for a complete analysis of inde-
pendent predictors of adherence. While we took care
to systematically identify characteristics that affected
adherence and other potential confounders, it is possi-
ble that our small sample size could have missed fac-
tors that are explanatory of adherence. There may be
unmeasured variables that were confounders to these
analyses. Because of heterogeneity in design and im-
plementation of the interventions and how adherence
is assessed in trials, direct comparisons of adherence
numbers must be interpreted with caution. Additionally,
clinical event outcome data are limited by relatively
short follow-up time of only 6 months posthospital-
ization. Finally, while it may be desirable to examine
adherence in low versus high groups, our sample size
was insufficient to do this with adequate power. While
we cannot establish an adherence threshold for ben-
efit, our data strongly support that greater adherence
is associated with better outcomes across multiple
patient-centered and clinical event outcomes.

CONCLUSIONS

The comprehensive adherence plan with multiple
strategies implemented in the REHAB-HF trial re-
sulted in high rates of retention and adherence in the
intervention arm, despite high frailty rates, multiple co-
morbidities, and barriers to exercise. Higher session
attendance was significantly associated with greater
gains in physical function, improvements in QOL and
depression, and reduced clinical events, including
all-cause death and rehospitalization following the
intervention. These data support the efficacy of the
comprehensive adherence plan and the subsequent
intervention-related benefits observed in REHAB-HF.
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Table S1: Missed Visits and Rehospitalization During Intervention Period

Average Number of Missed Visits 15.4£12.2
Average Number of Missed Visits for Medical Reasons 4.746.8
Patients with a Rehospitalization During Intervention Period | 58
Number of Rehospitalizations During Intervention Period 97
Average Days Rehospitalized During Intervention Period 3.3+7.6

Data presented as N or mean + SD.
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