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Abstract

Background—The HF-ACTION (Heart Failure: A Controlled Trial Investigating Outcomes of
Exercise Training) trial showed that among patients with heart failure (HF), regular exercise
confers a modest reduction in the adjusted risk for all-cause mortality or hospitalization.

Objective—This study determined whether greater volumes of exercise were associated with
greater reductions in clinical events.

Methods—~Patients randomized to the exercise training arm of HF-ACTION who were event-
free at 3 mo after randomization were included (n= 959). Median follow-up was 28.2 months.
Clinical end points were all-cause mortality or hospitalization and cardiovascular mortality or HF
hospitalization.
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Results—A reverse J-shaped association was observed between exercise volume and adjusted
clinical risk. Based on Cox regression, exercise volume was not a significant linear predictor but
was a logarithmic predictor (p=0.03) for all-cause mortality or hospitalization. For cardiovascular
mortality or HF hospitalization, exercise volume was a significant (p=0.001) linear and
logarithmic predictor. Moderate exercise volumes of 3 to <5 and 5 to <7 MET-hr per week were
associated with reductions in subsequent risk that exceeded 30%. Exercise volume was positively
associated with the change in peak oxygen uptake at 3 months (r=0.10; p=0.005).

Conclusions—In patients with chronic systolic HF, volume of exercise is associated with the
risk for clinical events, with only moderate levels (3—7 MET-hr per week) of exercise needed to
observe a clinical benefit. Although further study is warranted to confirm the relationship between
volume of exercise completed and clinical events, our findings support the use of regular exercise
in the management of these patients.

Clinical Trial Registry: http://clinicaltrials.gov/ct2/show/NCT00047437
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exercise training; dose response; cardiac rehabilitation

Introduction

Among patients with coronary heart disease, cardiac rehabilitation (CR) reduces the risk for
all-cause mortality and cardiovascular (CV) mortality approximately 20% and 25%,
respectively (1-3). Studies involving exercise training in patients with heart failure (HF)
also demonstrate a benefit on clinical events (4-7). However, despite the important
contribution that these studies made toward the care of patients with CV disease, the
question remains as to the relation between the volume of exercise completed and magnitude
of reduction in risk for experiencing a subsequent clinical event.

Suaya et al. observed that the adjusted relative risk for mortality was reduced almost 20% in
patients with coronary heart disease who attended = 25 sessions of CR, versus patients who
attended < 24 or fewer sessions (8). Similarly, among Medicare beneficiaries with HF who
attended 36 versus 12 CR sessions, all-cause mortality and myocardial infarction were both
reduced approximately 18% (9). Finally, Taylor et al (2) dichotomized exercise dose based
on patients completing more or less than 1000 units of exercise and reported no association
between dose of exercise and risk for clinical outcomes.

The HF-ACTION (Heart Failure: A Controlled Trial Investigating Outcomes of Exercise
Training) trial randomized 2331 patients with HF due to systolic dysfunction to usual care
alone versus usual care plus aerobic exercise training and provides an opportunity to
elucidate the relation between exercise volume (EV) and clinical outcomes. Specifically, we
identified a subset of 959 patients randomized to the exercise training arm that were event-
free for at least 3 months. We tested the hypothesis that EV has an inverse association, either
linear or logarithmic, with the adjusted risk for subsequent clinical events. We used a
logarithmic transformation to account for skewness in the EV data and adjusted the risk for
important baseline variables to control for confounding with baseline health status. We also
estimated the adjusted risk and the change in exercise capacity associated with five different
categories of EV. Our primary outcome was all-cause mortality or hospitalization and our
secondary outcomes were the disease-specific end point of CV mortality or HF
hospitalization and change in exercise capacity as measured by peak oxygen uptake (VO,)
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Study Design and Patients

The HF-ACTION trial enrolled patients (left ventricular ejection fraction <35%) with New
York Heart Association class Il to IV symptoms despite optimal therapy; the design and
primary results have been previously reported (4,10). The protocol was approved by the
Institutional Review Board or Ethics Committee for each center and patients provided
written informed consent.

Exercise Training Protocol

All patients received an education manual that recommended 30 minutes of moderate
intensity activity most days of the week (11). Patients randomized to the exercise arm were
scheduled to participate in supervised walking or stationary cycling 3 days per week. After
completing 18 sessions, patients were asked to add a 2-day per week home-based exercise
program. They were fully transitioned to a 5-day per week home-based exercise program
after completing 36 supervised sessions. The duration for supervised exercise was 30
minutes; intensity was initially set at a heart rate of 60% of heart rate reserve (i.e., peak heart
rate — resting heart rate x 0.6 + resting heart rate) (12) and titrated to 70% of heart rate
reserve. This intensity corresponds to 70% of peak VO, reserve (12) and is effective for
improving exercise capacity in patients with HF taking a beta-adrenergic blocking agent
(13). Home exercise was prescribed at 40 minutes at 60—70% of heart rate reserve. Each
patient received a heart rate monitor (Polar USA, Inc, New York) to facilitate adherence.
Among patients in whom heart rate was an invalid measure of exercise intensity (e.g., atrial
fibrillation), the Borg rating of perceived exertion scale was used and set at a level of 12-14
(i.e., fairly light to somewhat hard).

Exercise Volume

We used MET-hr per week to quantify EV, which is the product of exercise intensity
(metabolic equivalents, MET; where 1 MET is ~3.5 of mL of Oy'kg~Y'min~1) and the hours
of exercise per week. For example, for the patient whose peak MET level during their last
cardiopulmonary exercise test was 5 and then exercise trained, on average, at 60% intensity
over the three month interval, they would be exercising at an intensity of ~ 3 METs (14). If
this patient trained ~ 1.5 hours per week (i.e., 30 minutes, 3 days per week), their EV would
be ~ 4.5 MET-hr per week.

MET-hr per week data recorded during months 1-3 was derived from each supervised
exercise session or, for home-based exercise, from self-reported activity logs and telephone
follow-up calls. Telephone calls were scheduled every 2 weeks for 9 months and then
monthly through month 24,

Exercise Testing

End Points

Cardiopulmonary exercise testing was performed prior to and three months following
randomization. Patients were tested using a modified Naughton treadmill protocol or ramp
(10 W'min~1) stationary cycle protocol. During testing patients were encouraged to achieve
a rating of perceived exertion of > 17 (very hard) on the Borg scale and a respiratory
exchange ratio > 1.10.

The primary outcome in this analysis was a composite of all-cause mortality or
hospitalization. The secondary clinical outcome was CV mortality or HF hospitalization.
Due to the nature of the intervention, blinding subjects and site investigators was not
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possible. However, all deaths, and other clinical end points to first HF hospitalization, were
adjudicated by a Clinical End Points Committee. Cardiopulmonary exercise test data were
forwarded to a core laboratory for analysis. Peak VO, was defined as the highest VO, for a
given 15 to 20 second interval within the last 90 seconds of exercise or the first 30 seconds
of recovery.

The associations between EV, measured in MET-hr per week during months 1-3, and the
clinical end points were assessed using the Cox proportional hazards model, which modeled
the time-to-first occurrence of each end point. Only those patients randomized to the
exercise training arm of HF-ACTION who did not experience the primary end point during
the first 3 months were included in this analysis (n=959) (Figure 1). This inclusion criterion
was used to ensure an opportunity for at least 3 months of exercise training for patients in
the current analysis. Also, any patient who experienced the primary end point during months
1-3, by definition, reached the end point before the reporting of EV at 3 months. As a result,
in the time-to-first event Cox model analyses a subject’s EV could not be used to predict an
end point that already occurred. Consequently, the Cox analyses used 3 months after
randomization as time zero, a so-called “landmark’ analysis (15).

Sixty candidate baseline variables, including the variables considered for the HF-ACTION
risk model (16), were considered for covariate adjustment. The SAS procedure PROC Ml
was used to create 5 complete data sets with imputed values to fill in missing values among
candidate predictors. With the 5 completed data sets, the SAS procedure PROC
MIANALYZE was used in conjunction with PROC PHREG, and backward variable
selection was used to identify the adjustment variables for EV in the Cox analyses.

MET-hr per week was first included as a linear term in the covariate-adjusted Cox models.
Because MET-hr per week had a skewed distribution, the hypothesis was tested using a
logarithmic transformation [logo(MET-hr per week+1) to decrease the influence of outliers
(17,18). Multivariate likelihood ratios were used to determine if the linear Cox model or the
logarithmic transformed Cox model provided a better model fit.

To estimate the relation between EV and clinical outcome, we also divided the subjects into
5 categories: 0 to <1 (n=144), 1 to <3 (n=234), 3 to <5 (n=233), 5 to <7 (n=178), and =7
(n=170) MET-hr per week. These categories were chosen so as to have a reasonable number
of subjects in each category, while at the same time retaining clinical relevance. Using 0 to 1
MET-hr per week as the reference category, we then computed the unadjusted and adjusted
hazard ratios for the 4 remaining exercise categories.

Cumulative event rates were calculated using Kaplan-Meier methods. Covariate adjusted
relative risks were expressed as Cox model hazard ratios with 95% confidence intervals.
Change in peak VO, was linearly regressed on EV to assess the association between the two
variables. Also the median (25, 75t percentiles) change in peak VO, was computed for
each of the 5 categories of EV. Analyses were performed using SAS (version 8.2, SAS
Institute Inc, Cary, North Carolina) and the R Design Library (version 2.9.2, The R
Foundation for Statistical Computing). Statistical significance was set at the two-tailed
alpha .05 level, with no adjustment for multiple comparisons. All Pvalues are based on the
Wald chi-square statistic. Discrete variables are expressed as percent and continuous
variables as median and inter-quartile range.
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Patient Characteristics and Follow-Up

Table 1 shows baseline characteristics for patients included in our primary analysis
involving patients event-free at 3 months after randomization. Among these patients the
median duration of follow-up was 28.2 (18.0, 40.0; 25!, 75t percentile) months. Median
EV at 3 months was 3.9 (1.9, 6.2) MET-hr per week.

Clinical End Points

As seen in Table 2, MET-hr per week was not a /inear predictor of our primary end point
(i.e., all-cause mortality or hospitalization; P=0.18). However, MET-hr per week was a
significant /ogarithmic predictor of all-cause mortality or hospitalization (P = 0.03). The
reason for this difference can be seen in Figure 2, where the adjusted hazard ratio, as a
function of MET-hr per week, is somewhat reverse J-shaped. Specifically, when compared
to an EV of 0 to <1 MET-hr per week, moderate EV of 3 to <5 and 5 to <7 MET-hr per
week were associated with reductions in adjusted risk that approximated 37% and 31%,
respectively. Consequently, the logarithmic model for MET-hr per week better captured the
adjusted risk than did the linear model, which was confirmed by the multivariate likelihood
ratios (226 vs. 223, respectively). It is also important to note from Figure 2 that while the
adjusted hazard ratios were reverse J-shaped, the largest decrease in the uradjusted hazard
ratio occurred for EV = 5 MET-hr per week.

For the disease-specific end point of CV mortality or HF hospitalization, MET-hr per week
was both a significant linear (P=0.001) and logarithmic (P<0.001) predictor of subsequent
risk (Table 2). As shown in Figure 3, the adjusted risk reductions associated with the
moderate EV of 3 to <5 MET-hr per week and 5 to <7 MET-hr per week were 64% and
67%, respectively. The greatest reductions in uradjusted risk were again observed at the
higher EV. For CV mortality or HF hospitalization, the logarithmic model for MET-hr per
week better captured the adjusted risk than did the linear model (multivariate likelihood
ratios: 280 vs. 276, respectively).

Figure 4 shows the adjusted Kaplan-Meier event rate curves for the two clinical end points,
dichotomized based on EV during months 1-3: < 4 MET-hr per week or = 4 MET-hr per
week. We chose 4 MET-hr per week because this approximated the median EV for months
1-3.

Exercise Capacity

There was a significant association between the EV completed by subjects during the first 3
months of the trial and change in exercise capacity at 3 months (r=0.10; p=0.005, n=853).
The median (25, 75t percentiles) changes in peak VO, for patients exercising 0 to <1, 1 to
<3, 3to <5, 5to <7, and =7 MET-hr per week were -0.4 (-1.2, 1.0), 0.6 (-0.7, 2.1), 0.5
(-0.7,2.4),0.9 (-0.5, 2.5), and 0.9 (0.5, 2.9) mL'kg~I'min~1, respectively.

DISCUSSION

This study provides new and important information concerning the association between the
volume of exercise completed per week and subsequent risk for clinical events in a large
cohort of stable outpatients with systolic HF. When treated as a continuous variable, EV was
not significant (P = 0.18) when modeled as a linear predictor for all-cause mortality or
hospitalization, but was significant when modeled as a logarithmic predictor (P = 0.03)
because the latter better expressed the association between EV and the primary end point.
The reason for the improved fit using the logarithmic model was due to the fact that the
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adjusted risk resembled a reverse J-shaped function of EV, where moderate EV of 3 to <5
and 5 to <7 MET-hr per week were associated with reductions in subsequent risk that
exceeded 30% (Figures 2-3).

For the CV mortality or HF hospitalization end point, EV treated as a continuous variable
was a significant predictor regardless of whether it was modeled linearly or logarithmically.
This is because of the greater effect that EV had on CV mortality or HF hospitalization
(versus all-cause mortality or hospitalization). This finding is consistent with the main HF-
ACTION trial (4), in which exercise training had its greatest effect on CV mortality or HF
hospitalization, suggesting a greater specificity for reducing HF-related end points.
Although we can only speculate as to the mechanism(s) responsible for the favorable impact
of exercise training on clinical outcomes in patients with HF, especially its more favorable
effect on the HF-specific end point, numerous studies show that regular exercise improves
much of the pathophysiology that is unique to HF including changes in central (19,20),
inflammatory (21-24), neuro-endocrine (25,26), endothelial (19,27,28), and skeletal muscle
(29,30) function.

For both clinical end points, we observed that an EV =7 MET-hr per week was associated
with a smaller decrease in adjusted risk than both the 3 to <5 MET-hr per week and 5to <7
MET-hr per week groups (Figures 2 and 3). This was because (a) peak VO, categorized via
Weber class (31), was highly associated with clinical outcome (adjusted p<0.0001) and (b) a
higher EV was associated with a higher peak VO,. Indeed, the median peak VO, at baseline
forourO0to<1,1to<3,3to<5,5to<7and=7 MET-hr per week categories were 13.1,
12.6, 13.4, 16.0, and 17.7 mL-kg~1-min~1, respectively. Since the adjusted risk associated
with EV represents the ability of EV to independently predict clinical outcome, we observe
that EV had less ability to independently predict clinical outcome in the =7 MET-hr per
week group than it did for other groups (e.g., 3 to <5 MET-hr per week or 5to <7 MET-hr
per week groups). Nevertheless, there was a larger decrease in uradjusted risk as EV
increased because EV reflects better baseline health, rather than the independent predictive
ability of EV.

The above findings showing an association between EV (treated as a continuous variable or
across all 5 categories) and clinical end points is consistent with prior observational studies
in older coronary patients that treated the amount of exercise completed in a dichotomous
manner (8,9). Hammill and coworkers observed that among Medicare beneficiaries with HF
who attended 36 versus 12 CR sessions, all-cause mortality was reduced by approximately
18% (9). Combining the observations from our study with those of prior studies that
involved exercise in patients with HF (4-7,9), it seems reasonable to suggest that a moderate
volume of exercise training (e.g., 3 to 7 MET-hr per week) is safe and associated with a
reduction in risk for important clinical end points.

Among all 1159 patients randomized to the exercise group in the HF-ACTION trial, only
~40% reported exercising at or above the protocol prescribed minimum number of minutes
per week during the first 12 months (4). Therefore, this study may provide insight regarding
how the EV completed by patients participating in the trial might have contributed to the
modest improvement in clinical outcomes reported in the main outcomes paper. Clearly,
maintaining an exercise program can be a challenge for the patient with HF, a behavior that
is influenced both by pre-existing co-morbidities (32) and practitioners that often do not
routinely assess a patient’s health beliefs and self-efficacy for change (33). However, our
observation that a large decrease in adjusted risk for both clinical end points occurred among
patients training at only 3-5 MET-hr per week (Figures 2-3) may be a potentially important
motivating strategy, especially when counseling sedentary patients with HF who experience
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exercise intolerance and are reluctant to exercise. For reference, 4 MET-hr per week
approximates walking at just 1.7 miles per hour for 26 minutes, 4 times per week.

The EV completed by patients during the first 3 months of the trial was significantly
associated with the change in peak VO, measured at 3 months. Across all 5 categories of EV
the median increases in exercise capacity were modest and below the 1 to 4 mL-kg™1-min~1
increases reported for patients with HF taking evidence-based therapy (13). However,
among patients exercise training at 5 or more MET-hr per week the median increase in peak
VO, was 0.9 mL-kg~2min1, a value that approaches what is often considered a clinically
meaningful change (/.e., > 6% or 1 mL-kg~1-min~1) (34,35). Initial reports (36,37) involving
patients with HF suggest that higher intensity interval training may be an alternate method to
attain a higher volume of exercise, with the potential to yield a greater improvement in peak
VO,.

Despite the large sample size, the rigorous collection of EV and clinical event data, and the
blind adjudication of end points, there are potential limitations associated with this study.
First, it is possible that selection bias, such as those patients who expressed interest in
exercise, were healthier, or better adhered to medical treatment plans, might have been more
physically able and likely to undertake the exercise regimen. Nevertheless, the association
between EV and clinical events persisted after adjusting for major variables associated with
clinical status. A sufficiently powered prospective trial that randomly assigned subjects to
different EV is warranted to establish a causal relationship.

Second, although this study was a planned secondary analysis in the HF-ACTION protocol,
it is a retrospective analysis of prospectively collected data. Therefore, some of the
associations we observed between EV and outcome may be partly due to the presence or
absence of other factors that independently affect clinical events. Although we controlled for
the influence of many of these potentially confounding variables, our models still may not
have included variables that are also related to adherence to exercise or the clinical end
points.

Third, due to missing data for some of the clinical variables measured at baseline, we used
multiple imputation as a means to include a greater number of candidate variables when
conducting the multivariable analyses. It is unknown whether multiple imputation
influenced bias, versus simply omitting variables with incomplete data, although the
imputation methods we employed have been shown to reduce bias in many situations (38).

Among patients with chronic systolic HF on evidence based therapy, our results extend the
findings from the main HF-ACTION trial by estimating the adjusted hazard ratios (i.e.,
independent risk reductions) associated with various levels of EV completed during the first
3 months after randomization. We found that the adjusted hazard ratio as a function of EV
was reverse J-shaped and due to this association, EV was not a significant linear predictor
for all-cause mortality or hospitalization but was significant as a logarithmic predictor. For
CV mortality or HF hospitalization, EV was a significant linear predictor and logarithmic
predictor. Moderate EV between 3 and 7 MET-hr per week were associated with reductions
in adjusted risk that exceeded 30%. Although further study is warranted to confirm the
relations between EV and clinical outcomes, our findings support the use of moderate,
regular exercise in the management of patients with chronic systolic HF.
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LVEF <35%; NYHA class II-1V;
optimal HF therapy (=6 wk);
no or irregular exercise (<2 d/wk)

g

Pre-randomization testing |

g

Randomization 1:1
April 2003 - February 2007 (N= 2331)

™\

Usual Care Group Exercise Training
(n=1172) Group (n=1159)

Patients with an event

(n=165), censored (n=14),
mmlp- | o Without complete exercise
volume data (n=21) during

the first 3 months

Patients event-free at 3
months with complete exercise
volume data (n=959)

Figurel. Study Flow Chart

Flow of patients through the trial to the 3-month event-free group.
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Figure 2. Hazard Ratios for All-cause Mortality or Hospitalization
Among patients event-free for at least three months, adjusted hazard ratios (filled circles, log

scale) for all-cause mortality or hospitalization with 95% confidence intervals; reference
category is 0-1 MET-hr per week. Unadjusted hazard ratios are plotted with open circles.
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Figure 3. Hazard Ratiosfor Cardiovascular Mortality or Heart Failure Hospitalization

Among patients event-free for at least three months, adjusted hazard ratios (filled circles, log
scale) for cardiovascular mortality or heart failure hospitalization with 95% confidence
intervals; reference category is 0—1 MET-hr per week. Unadjusted hazard ratios are plotted
with open circles.
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Figure 4. Adjusted Kaplan-Meier Curvesfor Clinical Outcomes

Adjusted Kaplan-Meier curves for all-cause mortality or hospitalization (left panel) and
cardiovascular mortality or heart failure hospitalization (right panel) in patients event-free
for at least 3 months, stratified at the median exercise volume of 4 MET-hr per week.
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Table 1

Selected Baseline Characteristics of Patients Event-Free for at Least 3 Months

Characteristics

Descriptive Statistic (n = 959)

Age, median (IQR), y 59 (51-67)
Female sex 297 (31)
Race ™

Black or African American 306/943 (32)

White 589/943 (62)

Other 48/943 (5)
NYHA class ™

1l 626 (65)

11 323(33)

v 10 (1)
Ischemic etiology of heart failure 480 (50)
Ejection fraction, median (IQR), % 25 (20-30)
Diabetes mellitus 307 (32)
Previous myocardial infarction 390 (41)
Hypertension 591/954 (62)
Atrial fibrillation or flutter 204 (21)
Beck Depression Inventory Il score, median (IQR) 8 (5-15)

Systolic blood pressure, median (IQR), mmHg

112 (100-126)

Diastolic blood pressure, median (IQR), mmHg 70 (60-78)
Baseline medications
ACE inhibitor or ARB 917 (96)
B-Blocker 904 (94)
Aldosterone receptor antagonist 431 (45)
Loop diuretic 728 (76)
Digoxin 415 (43)
Implantable cardioverter-defibrillator 396 (17)
Biventricular pacemaker 182 (19)

Cardiopulmonary Exercise Test

Peak oxygen uptake, median (IQR), mLkg~'min~!

145 (11.6-17.8)

Peak respiratory exchange ratio, median (IQR)

1.08 (1.01-1.16)
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Unless otherwise indicated, values reflect n (percent of patients); percentages may not sum to 100 because of rounding.

*
Indicates the number of patients/number of patients with non-missing data.

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin |l receptor blocker; IQR, interquartile range; NYHA, New York Heart
Association.
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Table 2

Covariate Adjusted * P-values for Exercise Volume (MET-hr per week) as a Linear or Logarithmic-
Transformed? Predictor of Clinical Events in Patients Event-Free for at Least 3 Months (n = 959).

Clinical Event Model for MET-hr per week P Value

All-cause mortality or hospitalization (582 events)
linear .18

logarithmic .03

Cardiovascular mortality or heart failure hospitalization (250 events)
linear .001
logarithmic <.001

*Adjustment variables: Weber Class; gender; serum sodium (= 136 mEq'L'l); ventricular conduction on resting electrocardiogram prior to
exercise test; mitral regurgitation grade; resting heart rate; prescribed a beta-adrenergic-blocking agent; Kansas City Cardiomyopathy
Questionnaire total symptom, social limitation, and symptom stability scores; left ventricular ejection fraction; loop diuretic dose (truncated above
90 mg.day_1 furosemide equivalent); blood urea nitrogen (truncated at 47 mg-dL_l); Beck Depression Inventory Il Score (truncated at 8);
geographic region; peak respiratory exchange ratio on cardiopulmonary exercise test (truncated above 1.3); marital status; employment status;
etiology of heart failure.

fThe logarithmic transformation was Log2(MET-hr per week + 1).
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