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Abstract

Background: Supervised aerobic exercise training (ET) is recommended for stable outpatients 

with heart failure with reduced ejection fraction (HFrEF). Frailty, a syndrome characterized by 

increased vulnerability and decreased physiological reserve, is common in patients with HFrEF 

and associated with a higher risk of adverse outcomes. The effect modification of baseline frailty 

on the efficacy of aerobic ET in HFrEF is not known.

Methods: Stable outpatients with HFrEF randomized to aerobic ET vs. usual care in the HF-

ACTION trial were included. Baseline frailty was estimated using Rockwood’s Frailty index (FI), 

a deficit accumulation-based model of frailty assessment, and participants with FI>0.21 were 

identified as frail. Multivariable Cox proportional hazard models with multiplicative interaction 
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terms (Frailty*treatment arm) were constructed to evaluate whether frailty modified the treatment 

effect of aerobic ET on the primary composite endpoint (all-cause hospitalization and mortality), 

secondary endpoints (composite of cardiovascular death or cardiovascular hospitalization, and 

cardiovascular death or HF hospitalization), and Kansas City Cardiomyopathy Questionnaire 

(KCCQ) score. Separate models were constructed for continuous (FI) and categorical (frail vs. not 

frail) measures of frailty.

Results: Among 2130 study participants (age: 59±13 y, 28% women), 1266 (59%) were 

characterized as frail (FI>0.21). Baseline frailty burden significantly modified the treatment effect 

of aerobic ET (P-interaction: FI*treatment arm=0.02, Frail status [frail vs. non-frail]*treatment 

arm = 0.04) with a lower risk of primary endpoint in frail (HR[95%CI]: 0.83[0.72, 0.95]) but not 

non-frail (HR[95%CI]: 1.04 [0.87, 1.25]) participants. The favorable effect of aerobic ET among 

frail participants was driven by a significant reduction in the risk of all-cause hospitalization 

(HR[95%CI]: 0.84[0.72, 0.99]). The treatment effect of aerobic ET on all-cause mortality and 

other secondary endpoints was not different between frail and non-frail patients. (p-interaction>0.1 

for each). Aerobic ET was associated with a nominally greater improvement in KCCQ at 3-months 

among frail vs. non-frail participants without a significant treatment interaction by frailty status 

(p-interaction>0.2).

Conclusion: Among patients with chronic stable HFrEF, baseline frailty modified the treatment 

effect of aerobic ET with a greater reduction in the risk of all-cause hospitalization but not 

mortality.
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INTRODUCTION

Aerobic supervised exercise training (ET) and cardiac rehabilitation (CR) are effective non-

pharmacological management strategies for patients with HF and reduced ejection fraction 

(HFrEF).1, 2 The HF-ACTION trial was the largest trial of aerobic ET in outpatients with 

chronic stable HFrEF. The HF-ACTION trial demonstrated a non-significant reduction in 

the risk of primary composite endpoint (all-cause mortality or hospitalization) and key 

secondary endpoints (all-cause mortality, composite of cardiovascular [CV] mortality or 

CV hospitalization, and composite of CV mortality or HF hospitalization) in the aerobic 

ET vs. the usual care group. However, the trial demonstrated that aerobic ET is safe 

and significantly improves exercise capacity and quality of life (QOL). Furthermore, in 

protocol-specified analysis adjusting for known prognostic markers, aerobic ET was also 

associated with a significantly lower risk of primary endpoint and key secondary endpoint of 

CV mortality or HF hospitalization.3, 4 Based on these findings, the Centers for Medicare & 

Medicaid Services approved aerobic supervised ET and cardiac rehabilitation for outpatients 

with chronic stable HFrEF.5 However, the utilization of cardiac rehabilitation in patients 

with HFrEF remains low.6, 7 Furthermore, there is significant heterogeneity in the exercise 

capacity improvement among individuals who undergo aerobic ET. Up to one-third of 

aerobic ET participants demonstrate no meaningful improvement in peak exercise oxygen 
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uptake (peak VO2).8, 9 Thus, there is a need for effective strategies to identify patients most 

likely to benefit from aerobic ET and may be targeted with aerobic ET interventions.

Frailty —a syndrome characterized by a reduced physiologic reserve and impaired 

homeostatic tolerance to stressors— is common among patients with HFrEF and associated 

with worse exercise tolerance, poor QOL, and greater risk of adverse CV events.10, 11 

Aerobic ET and physical function interventions are efficacious in reducing the frailty 

burden among older individuals, including patients with HF.12–16 However, it remains 

unclear whether the effects of aerobic ET on the risk of adverse clinical outcomes, 

exercise capacity, and QOL are modified by the baseline frailty burden. Accordingly, in 

this study, we developed a deficit index model of frailty among chronic HFrEF patients 

who participated in the HF-ACTION trial. We evaluated how the therapeutic effects of the 

aerobic ET intervention on the risk of adverse clinical outcomes, exercise capacity, and QOL 

were modified by the baseline frailty burden. Considering the well-established association 

between frailty and the risk of adverse clinical outcomes and poor functional status and the 

potential beneficial effects of aerobic ET on frailty burden, we hypothesized that individuals 

with greater frailty burden at baseline would be more likely to benefit from aerobic ET.

METHODS

Study design and participants

The present study was performed as a secondary analysis of the HF-ACTION trial. 

De-identified, publicly available data from the HF-ACTION trial was obtained from the 

National Heart Lung Blood Institute Biologic Specimen and Data Repository Information 

Coordinating Center (BioLINCC). The details of the HF-ACTION study design, rationale, 

and the primary trial results have been published previously.4, 17 All data used for the 

present analysis are available at the BioLINCC data repository and can be obtained after 

approval. The analysis codes used for the present study can be obtained by specific requests 

to the corresponding author.

In brief, HF-ACTION was a multicenter, randomized control trial that evaluated the clinical 

efficacy and safety of aerobic ET (vs. usual care) among stable patients with HFrEF 

(EF≤35%, NYHA class II to IV). All participants underwent detailed cardiopulmonary 

exercise testing before randomization. The study recruited 2331 participants between 2002 

and 2007 who were randomized in a 1:1 ratio to either aerobic ET or usual care. For 

the present analysis, we used 2130 patients who consented, completed follow-up, and had 

available data in BioLINCC. The study protocol was approved by the local institutional 

review board and ethics committee of participating centers, and all participants provided 

written informed consent for participation in the study.

Study intervention: Aerobic ET vs. usual care

The details of the aerobic ET intervention used in the HF-ACTION trial have been reported 

previously.4, 17 The exercise program included a structured, group-based supervised aerobic 

ET program with a goal of 3 sessions per week for 36 sessions over 3 months. The 

supervised ET program included cycle or walk-based exercise regimens according to the 
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patient’s comfort and preference. Supervised aerobic ET was supplemented with home 

exercise after 18 supervised sessions. After completing the 36 supervised ET sessions, 

participants were fully transitioned to home-based exercise. Participants in the usual care 

arm did not receive any formal exercise regimen. Participants of both arms (ET and 

usual care) received detailed self-management instruction consistent with the ACC/AHA 

guidelines, including counseling to exercise for at least 30 minutes per day. The participants 

were followed up at regular intervals with in-person visits and phone calls as determined by 

the study protocol.

Assessment of frailty burden: Frailty index

The frailty index was constructed using the deficit accumulation approach described by 

Rockwood et al. as detailed in the Supplemental Methods.18 The frailty index model 

included 36 items that reflected deficits across multiple domains, including symptoms, signs, 

disabilities, self-rated health, comorbidities, biomarkers, and functional capacity, as reported 

in Table S1. The deficits were assessed as binary variables and assigned a 0 (absence of the 

deficit) or 1 (presence of the deficit). Ordinal variables were coded by converting the number 

of possible ranks into equally spaced scores ranging from 0 to 1. Variables with < 20% 

missingness were imputed using random forest imputation (covariate missingness ranged 

from 0–13%).19 Variables capturing similar information in a specific domain were assessed 

for the degree of correlation, and only one variable was retained if the correlation was > 

0.7. Finally, the frailty index was calculated by dividing the number of deficits present by 

the number of variables considered. Consistent with prior literature, a frailty index threshold 

of 0.21 was used to stratify participants into non-frail (frailty index ≤ 0.21) vs. frail (frailty 

index > 0.21) groups.18, 20, 21

Outcomes of interest

Consistent with the HF-ACTION trial, the primary outcome for our analysis was a 

composite of all-cause hospitalization or all-cause mortality.4 Secondary endpoints included 

the composite of CV mortality or CV hospitalization, CV mortality or HF hospitalization, 

and individual components of the primary endpoint (all-cause mortality and all-cause 

hospitalization) assessed separately. Outcomes were censored at last known contact with 

a maximum follow-up of 4 years. The median follow-up for the primary outcome was 2.9 

[interquartile range = 2.0 – 3.8] years. QOL was assessed by the 23-item self-administered 

Kansas City Cardiomyopathy Questionnaire (KCCQ score) every 3 months in the first 

year of follow-up, followed by annually for the next 3 years.3 Functional endpoints 

included Peak VO2 and 6-minute walk distance (6-MWD) measurements. Peak VO2 was 

measured at baseline, 3, 12, and 24 months using cardiopulmonary exercise testing using 

symptom-limited maximal treadmill test as reported previously.4, 17 6-MWD was measured 

at baseline, 3 months, and at yearly follow up visits (till year 4) using a standard protocol at 

all sites.4, 17 Finally, safety outcomes of interest for this analysis were consistent with that 

reported in the primary study and detailed in Table S2.

Statistical Analysis

Baseline characteristics of the study participants were compared across non-frail vs. 

frail groups using two-sample t-tests and chi-square tests for continuous and categorical 

Pandey et al. Page 4

Circulation. Author manuscript; available in PMC 2023 July 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



variables, respectively. The unadjusted risk of the primary composite endpoint was 

compared across the non-frail vs. frail study groups using cumulative incidence curves and 

log-rank tests. Multivariable Cox proportional hazard models were constructed to evaluate 

the adjusted association of frailty status and risk of the primary composite endpoint and 

key secondary endpoints. Separate models were constructed for categorical (frail vs. non-

frail [referent]) and continuous measures of frailty (frailty index) for each outcome with 

adjustment for the following covariates 3, 4: Model 1- age, sex, race, treatment arm; Model 
2 - model 1 + left ventricular ejection fraction, HF etiology, Beck’s Depression Inventory 

score, baseline peak VO2, and atrial fibrillation. The adjustment covariates were selected 

based on the primary composite outcome models reported in the primary trial analysis 

and used consistently in prior analyses.4 Sensitivity analysis was also conducted further 

adjusting for body mass index in Model 2. The interaction between treatment arm and 

frailty status for the risk of the primary composite endpoint and secondary endpoints was 

assessed by including a multiplicative interaction term (treatment arm*frailty status) in 

the most adjusted models (Model 2). Interaction tests were performed for both continuous 

and categorical measures of frailty. Stratified analysis by frailty status was conducted to 

evaluate the association between aerobic ET and risk of the primary composite endpoint 

and secondary endpoints in frail and non-frail participants separately using the model 2 

adjustment covariates. Finally, the treatment effect of aerobic ET was also assessed across 

the continuous distribution of FI using restricted cubic splines.

The association between baseline frailty burden (assessed continuously as FI and 

categorically as frail vs. non-frail) and measures of QOL, peak VO2, and 6-MWD was 

evaluated using multivariable-adjusted linear regression models that included age, sex, 

race, treatment arm, and HF etiology. The longitudinal changes in QOL, peak VO2, and 

6-MWD over time in the aerobic ET vs. usual care were also assessed across the baseline 

frailty strata using separate linear mixed-effect models for repeated measurements of each 

outcome. Consistent with the approach in the primary trial,3 two slopes were computed with 

a cut-point at 3 months (baseline to 3 months and slope after 3 months) to account for 

the non-linearity in the trajectory.3 The models were adjusted for age, sex, race, treatment 

arm, HF etiology, and interval incidence of the primary composite outcome. Multiplicative 

interaction terms (treatment arm*frailty status) were also included in the adjusted models 

using the overall cohort to evaluate the effect modification of frailty status on the treatment 

effect for the QOL and functional capacity outcomes. Finally, the proportion of participants 

in usual care and ET arms with safety endpoint incidence was also compared across the frail 

and non-frail strata. Analyses were performed using R version 3.6.3 (R Foundation) with 

a P-value < 0.05, indicating significance. P-interaction <0.05 was considered statistically 

significant.

RESULTS

The study included 2,130 participants (mean age 59±13 years, 28% women, 32% African 

American), with 1,266 (59.4%) identified as frail (frailty index > 0.21, Figure S1). Frail 

(vs. non-frail) participants had a higher burden of cardiometabolic co-morbidities, worse 

symptom burden, worse functional status, and higher burden of HF hospitalization before 

enrollment (Table 1).
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Frailty and effect of aerobic ET on clinical endpoints and safety outcomes

During a median follow-up of 2.9 [interquartile range = 2.0 – 3.8] years, 1426 (67.0%) 

developed a primary composite endpoint event. Higher frailty burden was significantly 

associated with a higher risk of the primary composite endpoint and secondary composite 

endpoints (CV mortality or CV hospitalization and CV mortality or HF hospitalization) in 

partially and fully adjusted models, including adjustment for BMI (Tables S3,S4). These 

associations were primarily driven by a higher risk of non-fatal hospitalization outcomes 

among frail participants. A significant interaction was observed between the frailty status 

and the treatment arm for the risk of the primary composite endpoint. Aerobic ET was 

associated with a significantly lower risk of the primary composite endpoint among frail 

participants but not non-frail participants (HR [95% CI] aerobic ET vs. usual care: Frail 

participants: 0.83 (0.73 – 0.95); non-frail participants: 1.04 (0.87 – 1.25); P-interaction 

[frailty status * treatment arm]: 0.04, Table 2, Figure 1). A similar treatment interaction was 

noted between the continuous measure of frailty index and the treatment arm for the risk 

of the primary composite outcome (P-interaction: 0.02). In restricted cubic spline analysis, 

aerobic ET was associated with a significantly lower risk of the primary composite endpoint 

above the frailty index threshold of 0.26 (Figure 2).

Among components of the primary composite endpoint, aerobic ET was significantly 

associated with lower risk of all-cause hospitalization among frail but not non-frail 

participants (HR [95% CI] frail participants: 0.84 [0.72 – 0.99]; non-frail participants: 1.05 

[0.85 – 1.29], p-interaction [frailty status * treatment arm]: 0.09 Table 2, Figure 1). There 

was no significant reduction in risk of all-cause mortality with aerobic ET among frail 

(HR [95% CI]: 0.93 [0.71 – 1.22]) and non-frail participants (HR [95% CI]: 0.98 [0.66 – 

1.47], p-interaction [frailty status * treatment arm]: 0.75, Table 2, Figure 1). Among key 

secondary endpoints, aerobic ET was associated with non-significant reductions in the risk 

of composite endpoint of CV mortality or CV hospitalization and CV mortality or HF 

hospitalizations in frail and non-frail groups with no significant treatment interaction by 

frailty status (Table 2).

Among safety outcomes, aerobic ET was not associated with the risk of any adverse 

safety events (worsening HF, myocardial infarction, angina, arrhythmia, stroke, transient 

ischemic attack, implantable cardioverter defibrillator firing, or hospitalization immediately 

after exercise) in frail as well as non-frail participants (Table S2).

Frailty and effect of aerobic ET on quality of life and functional capacity

A higher burden of frailty was significantly associated with lower baseline KCCQ score, 

indicating worse QOL, lower peak VO2, and lower 6-MWD (Table S5). From baseline 

to 3-month follow-up, the improvement in QOL with aerobic ET, assessed by the KCCQ 

score, was comparable among frail vs. non-frail participants (p-interaction = 0.48). However, 

the magnitude of improvement in KCCQ was nominally greater among frail vs. non-

frail participants (Figure 3, Table 3). On longer-term follow-up, there was no further 

improvement in KCCQ score with exercise in frail and non-frail participants (Figure 3, 

Table 3). Among measures of exercise capacity, aerobic ET was associated with a significant 
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improvement in peak VO2 and 6-MWD in both frail and non-frail patients in the short-term 

(up to 3 months) with no further improvement in longer-term follow-up (Figure 3, Table 3).

DISCUSSION

In this post-hoc analysis of the HF-ACTION trial, we observed that frailty status 

significantly modified the treatment effects of aerobic ET in patients with chronic stable 

HFrEF. Aerobic ET was associated with a significant reduction in the risk of primary 

endpoint, driven by a greater reduction in the risk of all-cause hospitalization among frail but 

not non-frail participants. Aerobic ET was also associated with a comparable improvement 

in QOL among frail vs. non-frail participants without a significant treatment interaction. 

Overall, these findings support that frailty may identify patients with HFrEF who are at a 

higher risk and are more likely to benefit from aerobic ET.

Frailty is a complex clinical condition related to aging characterized by a decline 

in physiological reserve across several organ systems and increased susceptibility to 

stressors.10, 11 The two most common tools to assess frailty burden are Fried’s phenotype 

model and The Rockwood Frailty index.22 The Fried phenotype model assesses impairments 

across five physical function domains — weight loss, weakness, poor endurance, slowness, 

and low physical activity level. Frailty is identified by the presence of impairment is noted in 

3 or domains as based on pre-defined cutoffs.11 While frailty identified by Fried phenotype 

has been associated with worse outcomes in patients with HF, it is resource- and time-

intensive, needs prospective evaluations, and primarily represents impairments in physical 

function.11 The Rockwood frailty index quantifies frailty based on deficits’ cumulative 

burden across multiple domains. The high burden of frailty among participants of the 

HF-ACTION trial is consistent with these prior observations.21, 23–25 In the PARADIGM 

and ATMOSPHERE trials, Dewan et al. reported an even higher burden of frailty (65%) —

assessed using a frailty index—among patients with chronic HFrEF.21 The modestly lower 

burden of frailty in the HF-ACTION may be due to younger age and enrollment criteria 

of ability to perform cardiorespiratory fitness test. These findings support the high frailty 

burden among patients with HF, even among relatively young, functional, stable outpatients.

Consistent with findings from prior studies, we observed that frailty burden was associated 

with a higher risk of adverse clinical outcomes.21, 25–28 High frailty burden may predispose 

to an increased risk of adverse clinical outcomes through several mechanisms. Frail patients 

are often sicker with more severe disease, contributing to an increased risk of adverse 

events. However, findings from our study suggest that the prognostic relevance of frailty in 

HFrEF extends beyond identifying individuals with more severe disease. Specifically, we 

observed that frailty was associated with the risk of primary (all-cause mortality or any 

hospitalization) and secondary composite endpoints (CV mortality or CV hospitalization and 

CV mortality or HF hospitalization) independent of other prognostic measures and indices 

of disease severity such as low exercise capacity, NYHA class, and ejection fraction.29–31 

The associations were related to a greater risk of non-fatal hospitalization events, which 

may be driven by greater impairments in functional status and reduced global physiologic 

reserve. Thus, the prognostic implications of frailty in HF extend beyond disease severity 
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and may be more driven by impairments in functional status and increased vulnerability to 

physiologic stressors that lead to a greater risk of hospitalization.

Frail patients with HFrEF were more responsive to aerobic ET with a greater reduction in 

the risk of the primary composite endpoint driven by a significant reduction in all-cause 

hospitalization. These findings suggest that aerobic ET may modify the frailty-related higher 

risk of all-cause hospitalization. In the recent REHAB-HF trial, a novel, multidomain 

physical rehabilitation intervention was associated with greater improvements in physical 

function among frail (vs. pre-frail) patients with acute decompensated HF.14 Similar findings 

have also been reported from other observational studies and small randomized controlled 

trials.31, 32 It is noteworthy that aerobic ET was not associated with a significant reduction 

in the risk of secondary CV composite endpoints in frail and non-frail patients. Thus, 

the favorable effects of aerobic ET on frailty-related adverse outcomes may not be all 

related to improvement in cardiac structure, function, and CV reserve. The improvement 

in extracardiac (skeletal muscle and peripheral microvascular) abnormalities that underlie 

the functional impairment among frail HF patients may also contribute to the beneficial 

effects of aerobic ET. Specifically, aerobic ET has been associated with downregulation of 

pro-inflammatory pathways and significant improvement in sarcopenia, endothelial function, 

mitochondrial function, and skeletal muscle oxygen utilization—the key drivers of frailty 

progression in patients with HF.33–38

Aerobic ET was not associated with improvement in primary or secondary clinical endpoints 

in non-frail patients with HFrEF, suggesting a potential lack of clinical efficacy in this 

subgroup of patients. These observations are hypothesis-generating only and would need to 

be confirmed in future studies and should not be viewed as diminishing the importance of 

aerobic ET in non-frail patients with HFrEF. Aerobic ET was associated with significant 

improvement in aerobic exercise capacity of non-frail patients, which was comparable to 

the improvements noted among frail patients, highlighting its therapeutic utility for all 

patients with HFrEF. Moreover, aerobic ET may benefit non-frail patients in the long term 

by lowering the future risk of frailty, improving exercise capacity, and other favorable 

cardiometabolic effects of exercise. Finally, it is plausible that alternative exercise regimens 

that include resistance training and/or high-intensity interval training, which were not part of 

the HF-ACTION exercise intervention, may be more effective in reducing the risk of adverse 

clinical outcomes among non-frail patients.

Our study findings have important clinical implications. It highlights the potential role of 

routine frailty assessment in identifying high-risk ambulatory patients with HFrEF who 

are most likely to benefit from aerobic ET and cardiac rehabilitation. This is particularly 

relevant since despite the class I recommendation for cardiac rehabilitation in patients with 

chronic stable HFrEF, its uptake in the contemporary clinical practice remains low.6 The 

low rates of utilization for cardiac rehabilitation in HFrEF are multifactorial, including poor 

referral rates, lack of widespread availability of cardiac rehabilitation, logistical challenges 

related to travel to cardiac rehabilitation sites, and high cost. A targeted approach focused 

on increasing supervised cardiac rehabilitation utilization among frail patients at the highest 

risk and most likely to benefit may be an efficient, cost-effective, and high-value care 

strategy to promote its widespread use. Efficient frailty screening algorithms that use readily 
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available clinical data can be implemented in routine clinical practice to identify frail 

patients with HF.24, 39 Randomized controlled trials evaluating the efficacy of aerobic ET 

among frail HFrEF patients are needed to provide a more definitive answer regarding its 

therapeutic benefits in this high-risk population who may have challenges with adherence to 

aerobic ET owing to a greater burden of comorbidities, depression, and cognitive function 

impairment. Future studies are needed to determine if such a risk-based targeted approach 

to cardiac rehabilitation may improve its uptake and reduce the risk of adverse outcomes in 

high-risk frail patients with HFrEF.

Several limitations of this study are noteworthy. First, participants of the HF-ACTION 

trial were relatively young (mean age 60 years) persons with chronic stable HFrEF who 

had a relatively modest burden of comorbidities and could exercise at baseline. Thus, 

our study findings may not be generalizable to patients with HFrEF who may not fit the 

study inclusion/exclusion criteria. Second, adherence to aerobic ET was lower than planned, 

particularly beyond the first three months of supervised training. Thus, the lack of long-term 

improvements in quality of life and exercise capacity may be related to lower adherence. 

However, the adherence was not different among frail vs. non-frail patients. Furthermore, 

high levels of non-adherence would be expected to bias our study findings related to the 

primary composite endpoint towards null and potentially underestimate the benefits of 

aerobic ET in the intervention arm. Third, we did not have measures of grip strength, 

gait speed, and weight change that limited our ability to quantify physical function-based 

measures of frailty using the Fried phenotype. Finally, we could not assess the frailty burden 

on follow-up due to the lack of consistent availability of frailty index components. Thus, we 

do not have data on changes in frailty status with aerobic ET among the study participants.

In conclusion, among patients with chronic, stable HFrEF who participated in the HF-

ACTION trial, the prevalence of frailty was high. Higher frailty burden at baseline identified 

a high-risk subset of patients who were more responsive to aerobic ET with a greater 

reduction in the risk of all-cause hospitalization but not mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBRIVIATIONS

ET exercise training

CR cardiac rehabilitation

QOL quality of life

HFrEF heart failure with reduced ejection fraction

peak VO2 peak exercise oxygen uptake

BioLINCC Biologic Specimen and Data Repository Information Coordinating 

Center

6-MWD 6-minute walk distance

KCCQ score Kansas City Cardiomyopathy Questionnaire
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CLINICAL PERSPECTIVE

What is new?

• Baseline frailty modified the treatment effect of supervised aerobic exercise 

training among patients with chronic, stable heart failure with reduced 

ejection fraction.

• Aerobic exercise training was associated with a significant reduction in the 

risk of primary endpoint, driven by a greater reduction in the risk of all-cause 

hospitalization among frail but not non-frail participants.

What are the clinical implications?

• Baseline frailty may identify patients with heart failure with reduced ejection 

fraction who are more likely to benefit from supervised aerobic exercise 

training.
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Figure 1. 
Cumulative incidence of the primary composite endpoints and its components (all-cause 

mortality and all-cause hospitalization) stratified by frailty status and treatment arm. A 

frailty index threshold of 0.21 was used to stratify participants into non-frail (frailty index ≤ 

0.21) vs. frail (frailty index > 0.21) groups.
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Figure 2: 
Continuous association between frailty index and risk of primary composite end point in 

patients with aerobic exercise training intervention vs. usual care. (P-interaction = 0.03). 

The graph shows continuous measure of frailty index on x-axis and treatment effect of 

aerobic exercise on the primary composite endpoint on y-axis. Dotted line represents the 

95% confidence interval around the point estimate for the treatment effect (black line).

Pandey et al. Page 16

Circulation. Author manuscript; available in PMC 2023 July 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Change in quality of life (Kansas City Cardiomyopathy Questionnaire score), peak exercise 

capacity, and 6-minute walk distance over time in the usual care vs. aerobic exercise training 

arms among frail and non-frail participants. A frailty index threshold of 0.21 was used to 

stratify participants into non-frail (frailty index ≤ 0.21) vs. frail (frailty index > 0.21) groups.

Pandey et al. Page 17

Circulation. Author manuscript; available in PMC 2023 July 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pandey et al. Page 18

Table 1:

Baseline characteristics of study participants stratified by baseline frailty status

Non-frail (N = 864) Frail (N = 1,266) P-value

Frailty Index 0.15 (0.04) 0.31 (0.08) <0.001

Exercise training intervention arm, % 420 (48.6) 640 (50.6) 0.40

Age, years 58.1 (13.3) 58.9 (12.3) 0.20

Men, % 589 (68.2) 942 (74.4) 0.002

Black race, % 280 (32.9) 389 (31.2) 0.46

Diabetes, % 170 (19.7) 508 (40.1) <0.001

BMI, kg/m2 29.9 (6.8) 31.8 (7.3) <0.001

Systolic blood pressure, mm Hg 113.7 (18.1) 113.8 (18.4) 0.79

Heart rate, beats per min. 69.9 (11.5) 71.5 (11.4) 0.001

Atrial fibrillation, % 144 (16.7) 299 (23.6) <0.001

Hypertension, % 415 (48.0) 855 (67.5) <0.001

Prior MI, % 274 (31.7) 625 (49.4) <0.001

PVD, % 19 (2.2) 127 (10.0) <0.001

COPD, % 49 (5.7) 183 (14.5) <0.001

Angina, % 122 (4.1) 405 (32.0) <0.001

Stroke, % 56 (6.5) 162 (12.8) <0.001

Depression, % 76 (8.8) 376 (29.7) <0.001

Cancer, % 30 (3.5) 54 (4.3) 0.42

NYHA class, %

  NYHA Class 2 699 (80.9) 652 (51.5)

  NYHA Class 3 164 (19.0) 595 (47.0) <0.001

  NYHA Class 4 1 (0.1) 19 (1.5)

Smoking, %

  Never 408 (47.2) 377 (29.8)

  Former 106 (12.3) 256 (20.2) <0.001

  Current 350 (40.5) 633 (50.0)

Mobility, %

  No problem 696 (80.6) 476 (37.6)

  Slight/Moderate 167 (19.3) 789 (62.3) <0.001
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Non-frail (N = 864) Frail (N = 1,266) P-value

  Severe 1 (0.1) 1 (0.1)

HF hosp. in last 6 months (%), 162 (18.8) 402 (31.8) <0.001

Sodium, mg/dL 139.4 (3.3) 138.8 (5.1) 0.005

BUN, mg/dL 22.2 (18.2) 26.8 (30.2) <0.001

eGFR, mL/min/1.73m2 71.4 (22.0) 65.2 (23.6) <0.001

Peak VO2 16.3 (4.8) 14.1 (4.3) <0.001

KCCQ Score 80.9 (13.3) 56.4 (18.6) <0.001

Left Ventricular Ejection Fraction 25.3 (7.7) 25.0 (7.4) 0.31

ACE inhibitor use, % 667 (77.2) 924 (73.0) 0.03

ICD use, % 298 (34.5) 567 (44.8) <0.001

ACE inhibitor/ARB use, % 827 (95.7) 1184 93.5) 0.04

Beta Blockers, % 820 (94.9) 1192 (94.2) 0.52

Loop diuretics, % 609 (70.5) 1055 (83.3) <0.001

Baseline characteristics are reported as mean (±standard deviation) or %

Abbreviations: MI, myocardial infarction; PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary disease; NYHA, New York 
Heart association; HF, Heart failure; hosp, hospitalization; BMI, Body mass index; GFR, glomerular filtration rate; mg, milligram; mL, milliliter; 
dL, deciliter; L, liter; m, meter; min, minute; U, unit; BUN, Blood urea nitrogen; KCCQ, Kansas City Cardiomyopathy Questionnaire; ICD, 
implantable cardioverter defibrillator; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker
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Table 2:

Treatment effects of aerobic exercise training on clinical outcomes among non-frail and frail participants

Outcomes of interest
2Treatment effect of Aerobic ET across Frailty Strata

1P-int (Treatment*frailty)Non-frail Participants Frail Participants

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Primary composite endpoint 1.04 (0.87, 1.25) 0.65 0.83 (0.72, 0.95) 0.007 0.04

All-cause mortality 0.98 (0.66, 1.47) 0.94 0.93 (0.71, 1.22) 0.59 0.75

All-cause hospitalization 1.05 (0.85, 1.29) 0.67 0.84 (0.72, 0.99) 0.04 0.09

HF hospitalization 0.80 (0.57, 1.12) 0.20 0.91 (0.73, 1.13) 0.39 0.56

CV death or HF hospitalization 0.81 (0.57, 1.15) 0.23 0.93 (0.75, 1.17) 0.56 0.55

CV death or CV hospitalization 0.90 (0.71,1.13) 0.36 0.94 (0.79, 1.13) 0.51 0.77

Abbreviations: CI, confidence interval; HF, heart failure; CV, Cardio-vascular

The interaction between treatment arm and frailty status for the risk of the primary composite endpoint and secondary endpoints was assessed 
by including a multiplicative interaction term (treatment arm*frailty status) in the most adjusted model evaluating the association of treatment 
with outcomes in the overall cohort with following covariates: age, sex, race, treatment arm, left ventricular ejection fraction, HF etiology, Beck’s 
Depression Inventory score, baseline peak VO2, and atrial fibrillation. Separate model was constructed for each outcome.

2
Stratified Cox models were constructed frail and non-frail participants separately and for each outcome with adjustment for the same covariates as 

above (except for the stratifying variable)
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Table 3:

Treatment effects of aerobic ET on quality of life and exercise capacity outcomes among non-frail and frail 

participants

Outcomes of interest
Treatment effect of Aerobic ET

P-int 
(Treatment*frailty)Non-frail Participants Frail Participants

Quality of life and Functional 
Outcomes

Parameter Estimate 
(95% CI) P-value Parameter 

Estimate(95% CI) P-value

Δ KCCQ 0 to 3 m 0.45 (−0.10, 0.99) 0.11 0.76 (0.14, 1.38) 0.02 0.48

Δ KCCQ 3 m to 3 y 0.05 (−0.03, 0.12) 0.22 −0.01 (−0.09, 0.07) 0.90 0.37

Δ Peak VO2 0– 3 m 0.17 (0.05, 0.29) 0.005 0.17 (0.06, 0.27) 0.002 0.95

Δ Peak VO2 3 m to 2 y 0.02 (−0.03, 0.07) 0.39 −0.01 (−0.05, 0.04) 0.71 0.41

Δ 6-MWD 0– 3 m 7.18 (3.62, 10.74) <0.001 5.54 (2.59, 8.49) <0.001 0.50

Δ 6-MWD 3 m to 3 y −1.71 (−3.12, −0.3) 0.02 −1.23 (−2.51, 0.04) 0.06 0.64

Abbreviations: KCCQ, Kansas City Cardiomyopathy Questionnaire; Peak VO2, peak exercise oxygen uptake; 6-MWD, 6-minute walk distance, m, 

month; y, year; Δ, change

Parameter estimate for functional, and quality of life outcomes represents the change in outcome variable per 1-month in the treatment arm vs. the 
usual care arm
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