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Abstract
OBJECTIVES—To test the hypothesis that exercise training (ET) improves exercise capacity and
other clinical outcomes in older persons with heart failure with reduced ejection fraction (HfrEF).

DESIGN—Randomized, controlled, single-blind trial.

SETTING—Outpatient cardiac rehabilitation program.

PARTICIPANTS—Fifty-nine patients aged 60 and older with HFrEF recruited from hospital
records and referring physicians were randomly assigned to a 16-week supervised ET program (n =
30) or an attention-control, nonexercise, usual care control group (n = 29).

INTERVENTION—Sixteen-week supervised ET program of endurance exercise (walking and
stationary cycling) three times per week for 30 to 40 minutes at moderate intensity regulated
according to heart rate and perceived exertion.

MEASUREMENTS—Individuals blinded to group assignment assessed four domains pivotal to
HFrEF pathophysiology: exercise performance, left ventricular (LV) function, neuroendocrine
activation, and health-related quality of life (QOL).

RESULTS—At follow-up, the ET group had significantly greater exercise time and workload than
the control group, but there were no significant differences between the groups for the primary
outcomes: peak exercise oxygen consumption (VO2 peak), ventilatory anaerobic threshold (VAT),
6-minute walk distance, QOL, LV volumes, EF, or diastolic filling. Other than serum aldosterone,
there were no significant differences after ET in other neuroendocrine measurements. Despite a lack
of a group “training” effect, a subset (26%) of individuals increased VO2 peak by 10% or more and
improved other clinical variables as well.

CONCLUSION—In older patients with HFrEF, ET failed to produce consistent benefits in any of
the four pivotal domains of HF that were examined, although the heterogeneous response of older
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patients with HFrEF to ET requires further investigation to better determine which patients with
HFrEF will respond favorably to ET.

Keywords
rehabilitation; functional capacity; exercise physiology; cardiac function

Exercise intolerance is the primary symptom in patients with chronic heart failure and reduced
ejection fraction (HFrEF), is a major contributor to their severely reduced health-related quality
of life (HRQOL), and often persists even after full guidelines-based pharmacological therapy
is implemented. A number of studies have suggested that endurance exercise training (ET) can
improve important outcomes in patients with HFrEF.1–3 A small study,3 a meta-analysis,4 and
now a randomized, controlled trial5 suggest that ET may also reduce morbidity and mortality
in patients with HFrEF. In contradiction to these “positive” ET studies, there are also several
published reports6,7 suggesting that a significant percentage of patients with HFrEF do not
respond favorably to ET. The large Heart Failure: A Controlled Trial Investigating Outcomes
of Exercise Training (HF ACTION) trial demonstrated that 3 months of supervised ET resulted
in a modest, albeit statistically significant, 4% improvement in exercise capacity in well-
managed patients with HFrEF.5

An important limitation of currently published studies is that few have included significant
proportions of elderly patients with HFrEF, even though elderly people constitute the majority
of the population with HFrEF. This limits the generalizability of the currently available studies,
including the HF ACTION study, in which the median age of subjects was just 59. Furthermore,
uncertainty regarding the effect of ET in older persons with heart failure has contributed to the
lack of Medicare reimbursement for medically supervised ET in this population.

Therefore, the primary objective of the present study was to perform an adequately powered,
randomized, controlled, single-blind trial to test the hypothesis that ET improves exercise
capacity and HRQOL in older persons with HFrEF. Four domains pivotal to the
pathophysiology of the HF syndrome were assessed before and after the 16-week ET
intervention: exercise performance, left ventricular (LV) structure and function,
neuroendocrine activation, and HRQOL.

METHODS
Study Participants

Prospective patients were recruited and screened as described in Figure 1, as well as in a
previous report.8 The diagnosis of HF was based on clinical criteria modified from the National
Health and Nutrition Examination Survey I9 plus a left ventricular ejection fraction (EF) of
45% or less. Patients with the following conditions were excluded from the study: valvular
heart disease as the primary etiology of HFrEF, recent stroke or myocardial infarction,
uncontrolled hypertension, and any other condition limiting exercise duration. Of those
assessed for eligibility, nearly 80% were excluded, because they did not meet inclusion or
exclusion criteria or were unwilling to participate. This high percentage of ineligibility is not
unexpected, considering the nature of the intervention (participate in ET 3 times per week) and
a target population of elderly patients with HFrEF with multiple comorbidities and that
recruitment was conducted at a large tertiary-care medical center where a large percentage of
patients live a significant distance from the institution. This study was conducted between 1995
and 1999.
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Protocol Overview
The Wake Forest institutional review board approved the study protocol, and written informed
consent was obtained from all subjects. The outcome measures of exercise function, LV
structure and function, neuroendocrine function, and HRQOL were obtained during a single
visit at baseline before randomization and at a follow-up visit after completion of the 16-week
intervention. Testing was performed in the morning, with participants not having taken any
medication or eaten or ingested caffeine since midnight. The ET group participated in 16 weeks
of center-based ET, whereas the control group did not but received telephone follow-up every
other week. Individuals blinded to group assignment and other clinical information related to
the patient performed all testing and analyzed all results.

ET Protocol—Details of the ET have been previously described in detail.8,10 Breath-by-
breath expired gas analysis was performed using a commercially available system with on-line
computer calculation of variables (CPX/D, MedGraphics, Minneapolis, MN). Complete
calibration of expired gases and volume analyzers (pneumotach) was performed before each
exercise test, as outlined in the user manual.

Each patient performed the exercise test in the upright position on an electronically braked
bicycle. The initial workload was 12.5 W for 2 minutes, followed by 25 W for 3 minutes and
advanced thereafter by 25-W increments in 3-minute stages. Heart rate and blood pressure
were measured in standard fashion. Peak values (VO2 peak and all other expired gas
parameters) were averaged during the final 30 seconds of the exercise test for all analyses. A
6-minute walk test (6 MWT) was performed in a university gymnasium using standard
procedures as previously described.11,12

Echocardiography—Echo-Doppler examinations were performed under resting conditions
at baseline and follow-up as previously described8 using a Hewlett-Packard Sonos 5500
ultrasound imaging system (Palo Alto, CA) with a multiple frequency transducer.13,14 Standard
two-dimensional images were obtained in the parasternal long and short axes and in the apical
four- and two-chamber views. Pulsed-wave Doppler tracings of mitral valve inflow were
recorded.14 Blinded personnel analyzed left ventricular volumes and Doppler tracings using a
digital echocardiography workstation as previously described.8,13 Cardiac volumes, including
end-diastolic and end-systolic volumes, measured at rest were used to determine cardiac output.

Neurohormones—At baseline and follow-up testing visits, after at least 15 minutes of quiet,
supine rest, venous blood samples were drawn into prepared, chilled
ethylenediaminetetraacetic acid vacutainers, placed on ice, and then centrifuged to separate
plasma. Samples were then stored at −70°C. Commercially available radioimmunoassays were
used for C-terminal atrial natriuretic peptide (ANP) and for brain natriuretic peptide (BNP)-32.
Angiotensin II, aldosterone, and norepinephrine were measured using standardized techniques
as previously described.15

Health-Related Quality of Life—The standardized Medical Outcomes Study 36-item Short
Form Health Survey (SF-36) was administered at baseline and follow-up to assess general
health limitations. This instrument provides subscores for physical, general health, social
function, role physical, role emotional, pain, mental, and vitality. The Minnesota Living with
Heart Failure (MLHF) questionnaire, a condition-specific measure, was administered at
baseline and follow-up to assess the effect of HF on the patients’ well-being.16 In addition to
a total score, the questionnaire contains emotional and physical subscores.

ET Intervention—Patients randomized to the ET intervention group exercised three times
per week for 16 weeks for a total of 48 session. The exercise sessions were conducted from
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7:45 to 9:00 a.m. on Monday, Wednesday, and Friday. Before each session subjects’ heart rate
(HR) and blood pressure (BP) were measured and recorded. Each session lasted 1 hour and
consisted of warm-up, stimulus, and cool-down phases. The stimulus phase consisted of
walking on a track and lower extremity cycling on a Schwinn Airdyne (Madison, WI). During
the initial period of training (2 weeks), patients exercised at 40% to 50% of HR reserve (HRR);
the duration of the exercise was gradually increased for each of the two modes of exercise
(walking and cycle ergometry). Over the next several weeks, the intensity of exercise was
increased to 60% to 70% HRR, and exercise duration was increased to 15 to 20 minutes on
each training mode. During the stimulus phase, subjects were asked to monitor and record
responses (HR and rating of perceived exertion) at four intervals (after 10, 20, 30, and 40
minutes) during each exercise session. The exercise prescription (intensity and duration) was
adjusted as needed based on medical considerations and clinical responses. Missed exercise
sessions were made up so that each patient completed no less than 40 of the 48 (> 80%) ET
sessions.

Patients randomized to the attention control group received phone calls every 2 weeks
throughout the 16 weeks of follow-up. This served to provide attention and interaction with
the study staff of a nature similar to what the ET group received but without exercise. The
telephone conversations focused on adherence to the study protocol and reminders and
encouragement to keep upcoming study visits and ascertained whether there were any new
medical events since the prior contact. The discussion intentionally did not address exercise
behaviors of the control participants.

Statistical Analysis
Two-sample t-tests and Fisher exact tests were used to examine baseline differences in
demographic characteristics, New York Heart Association (NYHA) classification, medication
use, echocardiography variables, and exercise function measures between the two groups.

Separate analyses of covariance (ANCOVAs), adjusting for baseline differences in that
variable, were used to compare exercise function, LV structure and function, neuroendocrine
function, and HRQOL outcomes between the two groups at follow-up. Least-square means
and standard errors were obtained from the ANCOVA models and were used to represent
differences between treatment groups. SPSS software (SPSS, Inc., Chicago, IL) was used for
all statistical analyses. All reported P-values were two-sided and had to be <.05 to be considered
significant. The primary outcome for this study was VO2 peak, because the study was powered
for this measure. Power analysis conducted during planning and design of the trial indicated
that the present sample size would yield more than 80% power to detect as little as a 10%
change in VO2 peak. Other exercise performance measures (peak exercise time and workload,
6-MWT), HRQOL measures, resting LV volumes, and plasma neurohormones were the
secondary outcomes.

RESULTS
Patient Characteristics

At baseline (Table 1), the study population was closely representative of patients with HFrEF
reported in large, population-based observational studies.17,18 The mean age of 70 ± 5; (range
60–80) is substantially greater than reported in most prior studies of ET in HFrEF, including
HF ACTION. Furthermore, the mean EF of 31% in the present investigation was higher than
in many HFrEF studies, including HF ACTION, in which median EF was 25%. At the time of
entry, all patients had HF symptoms rated as NYHA class II to III. The frequency of beta-
blocker usage was relatively modest, because this investigation was conducted between 1995
and 1999, before its establishment as standard therapy. All medical therapy remained constant
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for the duration of the study. The ET and control groups were well matched on most
characteristics at baseline.

ET Adherence
Patients in the ET group attended an average of 45 ET session (range 40–48). From the initial
4 weeks to the final 4 weeks of the ET intervention, mean cycle ergometer distance per session
(3.03 ± 0.88 vs 3.67 ± 0.98 miles/session) and combined walking and cycle distance (4.11 ±
1.09 vs 4.81 ± 0.99 miles/session), increased significantly (P = .001) in the ET group. Walk
distance also increased in the ET group during the intervention, albeit nonsignificantly (P = .
48), from 1.08 + 0.42 to 1.14 + 0.59 miles/session. Sixty-five percent of heart rates recorded
on exercise logs during the ET session were within the prescribed range of intensity.

Effect of ET on Exercise Capacity
The peak exercise workload achieved (watts) and exercise time (seconds) on the bicycle
ergometer at follow-up were significantly greater in the ET than in the control group, as shown
in Table 2. In contrast, VO2 peak was not significantly different in the ET than the control
group at follow-up. Peak exercise respiratory exchange ratio (RER), an objective index of
effort, was not significantly different between the groups at baseline or follow-up and reached
a level of 1.0 or greater in 91% and 1.05 or greater in 70% of the ET group and 93% and 66%,
respectively, of the control group.

Peak carbon dioxide production (VCO2 peak) during exercise, peak ventilation (VE), and VE/
VCO2 slope, an important prognostic index, were not significantly different in the ET and
control groups at follow-up. Peak exercise heart rate, systolic and diastolic blood pressure, and
pulse pressure were not significantly different between the groups at follow-up.

The ventilatory anaerobic threshold (VAT), a measure of submaximal exercise performance
that is independent of effort, was not significantly different between the ET and control groups
at follow-up. Similarly, there were no significant differences in 6-MWD, a commonly used
measure of exercise performance, between the two groups at follow-up.

Health-Related Quality of Life
There were no significant differences between the ET and control groups at follow-up for the
MLHF (total or sub-scores including physical) or general life functioning scores as assessed
using the standardized SF-36.

Resting LV Structure and Function
There were no significant differences in any of the resting echocardiographic or Doppler
measures between the ET and control groups at follow-up.

Neuroendocrine Function
Aldosterone was significantly lower (P = .04) at follow-up in the ET than the control group,
and there was a trend (P = .07) for lower angiotensin II levels in the ET group as well (Table
2). There were no significant differences between the ET and control groups for other
neurohormones (renin, epinephrine, vasopressin, ANP, or BNP) at follow-up.

Events
Of the 59 patients who completed baseline testing, six ET and seven control subjects did not
complete follow-up testing. The most common reason for not completing follow-up testing in
the ETand control groups were non-HFrEF illness (n = 4) and lost to follow-up (n = 3). Both
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groups had one death during the 16-week intervention period. Neither of the deaths or any
other events were temporally or otherwise related to the intervention or the testing procedures.

Individual Responses to ET
Although there was no significant mean increase in VO2 peak from baseline to follow-up in
the responder or non-responder ET group (Table 2), there were individuals who demonstrated
significant improvement in VO2 peak at follow-up. Figure 2A and B shows the mean group
change (dashed line) and individual changes from baseline to the 16-week follow-up in the ET
and control groups. These individual data reveal that, in 23 patients in the ET group, VO2 peak
increased by 10% or more in six (26%) and 0% to 9.9% in nine (39%) and decreased in eight
(35%). Thus, based on the criteria employed previously7 (an increase in VO2 peak of ≥10%),
slightly more than one-fourth of the older patients with HF in this trial had an improvement in
peak exercise VO2 after ET, whereas nearly three-fourths of the patients demonstrated no
significant increase. An additional analysis was performed to determine whether any
demographic, hemodynamic, or neuroendocrine variables were predictive of those that
responded to ET with an increase in VO2 peak. Of the many potential predictors evaluated,
only peak exercise cardiac output (9.3 ± 1.5 vs 8.5 ± 1.3 L/min, P = .11) and mitral valve
Doppler inflow deceleration time (210 ± 33 vs 177 ± 38 ms, P = .08) on baseline
echocardiogram showed a trend toward a significant difference between responders and
nonresponders to ET. Of equal interest and importance are the three ET subjects who
demonstrated a significant decrease in VO2 peak from baseline to follow-up (Figure 2A).
Several participants in the control group also demonstrated unexpected, and unexplained,
variability in VO2 peak responses from baseline to follow-up.

DISCUSSION
This study was designed to address important gaps in the literature regarding ET in HFrEF by
focusing exclusively on elderly people, who constitute the majority of this population.19–21

The study succeeded in that the demographic composition of the study group, including age,
sex, and body size, reflected those in population-based studies of HFrEF.19–21 Using the proper
demographic group and unbiased methods, it was found that, after 16 weeks, the ET group had
12% longer exercise time on the bike and 13% greater exercise workload than the control group,
although there was no increase in peak exercise VO2, which was the prospectively planned
primary outcome. In addition, relatively few significant differences were found between ET
and control at follow-up in the other domains assessed. Submaximal exercise performance,
measured according to VAT (an effort independent measure) and 6-MWD were not
significantly different; nor were HRQOL, echocardiographic LV volumes, ejection fraction,
mass, or LV remodeling as assessed according to mass:volume ratios. Furthermore, none of
the Doppler-derived LV diastolic function variables were significantly different between ET
and control at follow-up. There was a significant reduction in aldosterone concentration and a
trend in angiotensin II but not in the other neurohormones measured, including BNP.

Consequently, the overall findings of this study may be interpreted as “neutral” or “negative,”
because the primary outcome (VO2 peak) did not improve significantly in the ET group. In
contrast to several prior studies of younger patients with HFrEF,1–3,22,23 few significant
changes were observed in any of the four pivotal domains (exercise function, resting LV
function and volumes, resting neurohormones, and HRQOL) after 16 weeks of ET in older
patients with HFrEF. In contrast, another study evaluated a cohort of older patients with HFrEF
and reported a significant increase in exercise time after an ET intervention,24 although
metabolic gas analysis was not performed, and therefore the change in VO2 peak was not
assessed.
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The testing protocol, including errors in the expired gas measurements; an inadequate ET
stimulus; and greater dependence by the ET group at follow-up on anaerobic non-oxidative
metabolism or greater “efficiency” during exercise could explain a lack of change in VO2 peak
in the ET group despite an increase in workload and exercise time, as observed in the present
investigation. Related to these potential confounding issues, the bicycle testing protocol
employed was standardized for all patients, although small increases in exercise time could
allow the subjects to reach a higher workload and result in a significant increase in this
parameter (e.g., increasing from 50 to 75 W = 50% increase in workload).

Moreover, the ET stimulus was also standardized for each patient through an individualized
exercise prescription that was adjusted, based on individual adaptations, to provide an
appropriate training stimulus. Additionally, if patients could not attend an ET session, they
were required to make up these sessions by extending the 16-week training period until a
minimum of 40 sessions had been completed. The RER values, which tended to be higher in
ET subjects, rather than lower, at follow-up than in the control group does not support
inadequate effort on follow-up tests in the ET subjects. A final possible explanation could be
that nonoxidative muscle metabolic adaptation, which would not be reflected in VO2 peak
measurement; an improvement in efficiency; or both could be responsible for the increase in
exercise time and workload, although the ET program was conducted at a moderate intensity
with a goal of increasing exercise duration rather than increasing exercise intensity. This
moderate-intensity training is unlikely to induce improvements in anaerobic capacity.
Furthermore, significant improvements in submaximal exercise variables, including 6 MWT
distance and VAT were not observed. By assessing an effort-independent variable such as
VAT, any patient learning effect or bias can be eliminated, with only the actual physiologic
response being measured, but there was still no significant training effect observed with either
of these variables.

The lack of significant improvement in VO2 peak after ET in HFrEF is not unprecedented and
has been observed in several studies of subjects with HFrEF.6,25 Whereas an increase in
VO2 peak of more than 10% is often used as the criterion value for a “training effect” in patients
with HFrEF, the HF ACTION trial employed a similar ET intervention and demonstrated a
median increase in VO2 peak of just 4% more in the ET than the control group after 3 months.
5 In contrast to the present study, the inclusion of younger HFrEF participants (median age 59,
vs 70 in the present study) and the use of nonblinded exercise test administrators aided HF
ACTION results. Furthermore, despite highly standardized ET programs, several studies26–
28 have demonstrated a range of improvement in VO2 peak from 0% to 40% in healthy adults.
Although numerous factors, including sex, age, baseline fitness, and genetics, appear to
contribute to this variability in adaptation to ET, autonomic nervous system status has been
shown to be the most powerful predictor of improvement in VO2 peak after ET.29 The
relationship between autonomic nervous system status and adaptation to ET in HFrEF has not
been established but clearly warrants further investigation.

Although the present investigation (and most others reported in the literature) used a traditional
ET intervention, based primarily on moderate-intensity continuous ET, emerging research
suggests that high-intensity interval ET may be more beneficial in improving peak VO2 in
older HF patients.30 It has been reported that high-intensity interval training had a significantly
greater effect on peak VO2 than did traditional continuous training (41% improvement vs 14%).
Although this type of exercise program may be more physiologically beneficial, the safety and
long-term adherence to this approach has not been sufficiently studied.

Likewise, no significant improvement in LV structure and function was observed after 16
weeks of ET in older patients with HFrEF. Another study also observed little to no change in
cardiac structure or function after ET.31 The cohort evaluated was considerably younger (mean
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age 62 vs 70) than in the present study and consisted more predominately of men (92% vs 66%)
than the present study, which was 34% female.

The present investigation indicated that patients randomized to ET had significantly lower
aldosterone levels and a trend toward lower angiotensin II after ET. These two neuroendocrine
measures are thought to be among the most pivotal in the pathophysiological genesis and
progression of heart failure. Furthermore, patients in the ET arm of the trial who showed an
increase in peak exercise VO2 peak also had a significantly greater (P = .003) decline in
aldosterone levels than patients with no change in exercise capacity. Although a specific
mechanism is unclear, this suggests a possible causal relationship between improvements in
physical function and decline in aldosterone levels. The effect of ET on neurohormonal
activation in HF has previously been examined and a significant decrease in angiotensin II,
aldosterone, and vasopressin found after ET,32 but that study consisted of younger patients
with HF (mean age 61) than in the present study (mean age 70), although that study reported
no significant correlations between improvements in exercise capacity and neurohormonal
responses.

In the present trial, there were no significant changes in quality-of-life scores on the condition-
specific MLHF questionnaire or the more general SF-36 in the ET or control groups. Several
previous studies have failed to observe significant changes in HRQOL in HFrEF after
participation in ET, despite improvement in overall exercise capacity.33–35 The lack of
improvement on the “physical” subscales in the present investigation is in contrast to a previous
study, which reported a significant improvement in the MLHF and the physical function and
role function categories of the SF-36.31 The contrast in findings might be related to differing
baseline QOL scores in the two studies. Subjects in the previous study had higher baseline
MLHF scores, indicating worse QOL and a greater potential for change than subjects in the
present study. The lack of change in the QOL “physical” subscores may also be related to the
potential confounding issues discussed earlier or to the older age of the subjects used in this
investigation.

A primary limitation of this study was that it was conducted a decade ago, before beta-blockers
and aldosterone antagonists became standard pharmacotherapy for treating patients with
HFrEF. Although use of these medications was low at baseline, their frequency may have
increased during the study period and affected the study outcomes. Furthermore, the results of
this study must be reviewed in the context of a single-center design that focused on increasing
ET duration and frequency while maintaining a moderate exercise intensity stimulus.
Therefore, the results of this study of older patients with HFrEF cannot be generalized to
younger patients with HFrEF or those employing alternative ET regimens.

In summary, in this randomized, controlled, single-blind trial, ET failed to produce consistent
benefits in a cohort of exclusively elderly patients with HFrEF that included a significant
proportion of women. Exercise time and peak workload increased significantly, but VO2 peak,
the primary outcome did not. In this investigation, a subgroup of approximately one-fourth of
the ET group that responded favorably to the intervention with an increase in VO2 peak of 10%
or more was identified. Patients in this subgroup also had suppression of aldosterone activation
and a trend toward suppression of angiotensin II and tended to demonstrate better diastolic
function. Thus, these find-ings suggest that, despite similar adherence to ET, older patients
with HFrEF have a heterogeneous response to ET. Although the mechanism(s) responsible for
this variability in adaptation to ET remain(s) unclear, the ability to identify potential responders
and nonresponders to ET has important implications in the management of older patients with
HFrEF and warrants further attention.

Brubaker et al. Page 8

J Am Geriatr Soc. Author manuscript; available in PMC 2010 October 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
This study was supported by National Institutes of Health (NIH) Grants R37-AG18915 and RO1-AG12257, The
Claude D. Pepper Older Americans Independence Center of Wake Forest University NIH. Grant P30-AG21332, and
General Clinical Research Center Grant MO1RR07122 of the Wake Forest University School of Medicine.

Sponsor’s Role: None.

References
1. Sullivan M. Cardiac rehabilitation in patients with severe systolic left ventricular dysfunction. J

Cardiopul Rehabil 1991;11:108–114.
2. Coats A, Adamopoulos S, Radaelli A, et al. Controlled trial of physical training in chronic heart failure.

Circulation 1992;85:2119–2131. [PubMed: 1591831]
3. Belardinelli R, Georgiou D, Cianci G, et al. Randomized, controlled trial of long-term moderate ET

in chronic heart failure: Effects of functional capacity, quality of life, and clinical outcome. Circulation
1999;99:1173–1182. [PubMed: 10069785]

4. Piepoli MF, Flather M, Coats AJ. Overview of studies of ET in chronic heart failure: The need for a
prospective randomized multicentre European trial. Eur Heart J 1998;19:830–841. [PubMed:
9651706]

5. O’Connor CM, Whellan DJ, Lee KL. Efficacy and safety of ET in patients with chronic heart failure:
The HF-ACTION randomized controlled trial. JAMA 2009;301:1439–1450. [PubMed: 19351941]

6. Clark AL, Harrington D, Chua TP, et al. Exercise capacity in chronic heart failure is related to the
aetiology of heart disease. Heart 1997;78:569–571. [PubMed: 9470872]

7. Wilson JR, Groves J, Rayos G. Circulatory status and response to cardiac rehabilitation in patients
with heart failure. Circulation 1996;94:1567–1572. [PubMed: 8840845]

8. Kitzman DW, Little WC, Brubaker PH, et al. Pathophysiological characterization of isolated diastolic
heart failure in comparison to systolic heart failure. JAMA 2002;288:2144–2150. [PubMed:
12413374]

9. Schocken DD, Arrieta MI, Leaverton PE, et al. Prevalence and mortality rate of congestive heart failure
in the United States. J Am Coll Cardiol 1992;20:301–306. [PubMed: 1634664]

10. Marburger CT, Brubaker PH, Pollock WE, et al. Reproducibility of cardiopulmonary exercise testing
in elderly heart failure patients. Am J Cardiol 1998;82:905–909. [PubMed: 9781977]

11. Guyatt GH, Sullivan M, Thompson PJ, et al. The 6-minute walk: A new measure of exercise capacity
in patients with chronic heart failure. Can Med Assoc J 1985;132:919–923. [PubMed: 3978515]

12. Maldonado-Martin S, Brubaker PH, Kaminsky LA, et al. The relationship of a 6-min walk to VO(2
peak) and VT in older heart failure patients. Med Sci Sports Exerc 2006;38:1047–1053. [PubMed:
16775543]

13. Gandhi SK, Powers JE, Fowle KM, et al. The pathogenesis of acute pulmonary edema associated
with hypertension. N Engl J Med 2000;344:17–22. [PubMed: 11136955]

14. Kitzman DW, Sheikh KH, Beere PA, et al. Age-related alterations of Doppler left ventricular filling
indexes in normal subjects are independent of left ventricular mass, heart rate, contractility, and
loading conditions. J Am Coll Cardiol 1991;18:1243–1250. [PubMed: 1918701]

15. Eisenach C, Tong C, Limauro D. Intrathecal clonidine and the response to hemorrhage.
Anesthesiology 1992;77:522–528. [PubMed: 1355638]

16. Rector TS, Kubo SH, Cohn JN. Validity of the Minnesota Living with Heart Failure questionnaire
as a measure of therapeutic response to enalapril or placebo. Am J Cardiol 1993;71:1106–1107.
[PubMed: 8475878]

17. Gottdiener JS, McClelland R, Marshall RJ, et al. Outcome of congestive heart failure in elderly
persons: Influence of left ventricular systolic function. The Cardiovascular Health Study. Ann Intern
Med 2002;137:631–639. [PubMed: 12379062]

18. Vasan RS, Larson MG, Benjamin EJ, et al. Congestive heart failure in subjects with normal versus
reduced left ventricular ejection fraction: Prevalence and mortality in a population-based cohort. J
Am Coll Cardiol 1999;33:1948–1955. [PubMed: 10362198]

Brubaker et al. Page 9

J Am Geriatr Soc. Author manuscript; available in PMC 2010 October 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Kitzman DW, Gardin JM, Gottdiener JS, et al. Importance of heart failure with preserved systolic
function in patients > or = 65 Years of Age. CHS Research Group. Cardiovascular Health Study. Am
J Cardiol 2001;87:413–419. [PubMed: 11179524]

20. Vasan RS, Benjamin EJ, Levy D. Prevalence, clinical features and prognosis of diastolic heart failure:
An epidemiologic perspective. J Am Coll Cardiol 1995;26:1565–1574. [PubMed: 7594087]

21. Owan TE, Hodge DO, Herges RM, et al. Trends in prevalence and outcome of heart failure with
preserved ejection fraction. N Engl J Med 2006;355:251–259. [PubMed: 16855265]

22. Keteyian SJ, Levine AB, Brawner CA, et al. ET in patients with heart failure. Ann Intern Med
1996;125:1051–1057. [PubMed: 8633818]

23. Francis DP, Shamin W, Davies LC, et al. Cardiopulmonary exercise testing for prognosis in chronic
heart failure: Continuous and independent prognostic value from VE/VCO2 slope and peak VO2.
Eur Heart J 2000;21:154–161. [PubMed: 10637089]

24. Wielenga RP, Huisveld IA, Bol E, et al. ET in elderly patients with chronic heart failure [published
erratum appears in Coron Artery Dis 1999;10:57]. Coron Artery Dis 1998;9:765–770. [PubMed:
9919425]

25. Gottlieb SS, Karis G, Krichten C, et al. Exercise improves exercise duration more than VO2 peak in
elderly patients with congestive heart failure. J Am Coll Cardiol 1998;31:509a.

26. Bouchard C, Rankinen T. Individual differences in response to regular physical activity. Med Sci
Sports Exerc 2001;33:S446–S451. [PubMed: 11427769]

27. Kohrt WM, Malley MT, Coggan AR, et al. Effects of gender, age, and fitness level on response of
VO2 max to training in 60–71 year olds. J Appl Physiol 1991;71:2004–2011. [PubMed: 1761503]

28. Lortie G, Simoneau JA, Hamel P, et al. Responses of maximal aerobic power and capacity to aerobic
training. Int J Sports Med 1984;5:232–236. [PubMed: 6500788]

29. Hautala AJ, Kiviniemi AM, Tulppo MP. Individual response to aerobic exercise: The role of the
autonomic nervous system. Neurosci Behav Rev 2009;33:107–115.

30. Wisloff U, Stoylen A, Loennechen JP, et al. Superior cardiovascular effect of aerobic interval training
versus moderate continuous training in heart failure patients—a randomized study. Circulation
2007;115:3086–3094. [PubMed: 17548726]

31. Smart N, Haluska B, Jeffriess L, et al. ET in systolic and diastolic dysfunction: Effects on cardiac
function, functional capacity, and quality of life. Am Heart J 2007;153:530–536. [PubMed:
17383289]

32. Braith RW, Welsch MA, Feigenbaum MS, et al. Neuroendocrine activation in heart failure is modified
by endurance ET. J Am Coll Cardiol 1999;34:1170–1175. [PubMed: 10520808]

33. McKelvie RS, Teo KK, Roberts R, et al. Effects of ET in patients with heart failure: The Exercise
Rehabilitation Trial (EXERT). Am Heart J 2002;144:23–30. [PubMed: 12094184]

34. Keteyain SJ, Brawner CA, Schairer JR, et al. Effects of ET on chronotropic incompetence in patients
with heart failure. Am Heart J 1999;138:233–240. [PubMed: 10426833]

35. Keteyain SJ, Levine AB, Brawner CA, et al. ETwith heart failure: A randomized controlled trial. Ann
Intern Med 1996;124:1051–1057. [PubMed: 8633818]

Brubaker et al. Page 10

J Am Geriatr Soc. Author manuscript; available in PMC 2010 October 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Flow of the trial.
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Figure 2.
Individual patient’s changes in peak exercise oxygen consumption (VO2) peak from baseline
to follow-up (16 weeks) in the (A) exercise training (ET) and (B) control (CON) groups.
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Table 1

Patient Demographics

Characteristic All N = 59 ET n = 30 Control n = 29 P-Value

Age, mean ± SD 70.2 ± 5.1 70.4 ± 5.3 69.9 ± 6.3 .83

Women, n (%) 20 (33.9) 11 (36.7) 9 (31.0) .48

Caucasian, n (%) 48 (81.4) 11 (36.7) 9 (31.0) .84

Body weight, kg, mean ± SD 77.8 ± 14.2 80.4 ± 13.6 77.3 ± 14.1 .50

Body surface area, m2, mean ± SD 1.91 ± 0.2 1.92 ± 0.2 1.90 ± 0.2 .46

Body mass index, kg/m2, mean ± SD 26.4 ± 4.1 27.0 ± 4.8 26.3 ± 4.2 .36

Body fat, %, mean ± SD 24.1 ± 5.1 24.3 ± 5.1 23.4 ± 5.8 .48

Left ventricular ejection fraction, %, mean ± SD 30.7 ± 9.0 32.1 ± 9.1 30.4 ± 8.8 .38

Sinus rhythm, n (%) 53 (89.8) 26 (86.7) 27 (93.1) .23

New York Heart Association Class, n (%)

 II 27 (45.7) 15 (50.0) 16 (55.2) .68

 III 31 (52.5) 15 (50.0) 12 (41.4) .62

 IV 1 (1.7) 0 (0.0) 1 (3.4) .77

Diabetes mellitus, n (%) 17 (28.8) 6 (20.0) 11 (37.9) .50

History of hypertension, n (%) 30 (50.8) 16 (53.3) 14 (48.3) .67

History of pulmonary edema, n (%) 34 (57.6) 17 (56.7) 17 (58.6) .80

Systolic blood pressure mmHg, mean ± SD 137.1 ± 20.8 133.3 ± 19.4 140.9 ± 24.1 .17

Diastolic blood pressure, mmHg, mean ± SD 77.4 ± 10.2 77.1 ± 9.8 77.9 ± 10.4 .81

Current medication, n (%)

 Angiotensin-converting enzyme inhibitors 49 (83.1) 24 (80.0) 25 (86.2) .85

 Digoxin 42 (71.2) 21 (70.0) 21 (72.4) .95

 Diuretics 51 (86.4) 26 (86.7) 25 (86.2) .59

 Beta-blockers 10 (16.9) 6 (20.0) 4 (13.8) .61

 Calcium channel blockers 15 (25.4) 9 (30.0) 6 (20.6) .32

 Nitrates 19 (32.2) 7 (23.3) 12 (41.3) .16

Baseline characteristics and medical history of all participants and the comparison of those randomized to the exercise training (ET) and control
groups. No significant differences were observed in these variables between the groups at baseline.

SD = standard deviation.
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