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Abstract
Context—Depression is common in cardiac patients, especially in patients with heart failure
(HF), and is associated with increased risk for adverse health outcomes. There also is a growing
literature to suggest that aerobic exercise may reduce depressive symptoms, but no previous study
has evaluated the effects of exercise on depression in HF patients.

Objective—To determine if exercise training in HF patients will result in greater improvements
in depressive symptoms compared with usual care.

Design—Multicenter, randomized (1:1) controlled trial

Setting—Ambulatory in 82 clinical centers in the US, Canada, and France.

Participants—2,322 stable patients with a left ventricular ejection fraction (LVEF) ≤35% and
NYHA class II to IV HF who completed the Beck Depression Inventory-II (BDI-II) to assess
depressive symptoms (range 0-63; clinically significant ≥ 14).

Interventions—Supervised aerobic exercise (goal of 90 min/wk for months 1-3) followed by
home exercise (goal of ≥120 min/wk for months 4-12), versus education and usual, guideline-
based HF care conducted between April, 2003 and February, 2007.

Main Outcome Measures—Scores on the BDI-II at 3- and 12-months and the composite of
death or hospitalization from any cause.
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Results—789 (68%) patients died or were hospitalized in the usual care (UC) arm and 759
(66%) in the aerobic exercise (AE) arm (Hazard Ratio [HR] = 0.89, 95% CI = 0.81, 0.99; p=.03)
over a median follow-up period of 30 months. The median BDI-II score at study entry was 8, with
28% of the sample obtaining BDI-II scores ≥14. Compared to UC, AE resulted in lower mean
BDI-II scores at 3-months, AE = 8.95 (95% CI =8.61, 9.29) vs. 9.70 (95% CI = 9.34, 10.06) for
UC (difference =−0.76,95 % CI= −1.22, −0.29, p = .002), and at 12-months, AE= 8.86 (95%CI=
8.67, 9.24) vs. 9.54 (95% CI = 9.15, 9.92) for UC (difference = −0.68, 95% CI = −1.20, −0.16; p
= .01).

Conclusions—Compared to guideline-based usual care, exercise training resulted in reduced
depressive symptoms and better clinical outcomes.

An estimated 5 million people in the United States have heart failure (HF), and more than
500,000 new cases are diagnosed annually (1). HF is associated with increased morbidity
and mortality and compromised quality of life. Indeed, clinical depression is a common
comorbidity, affecting as many as 40% of HF patients (2), with up to 75% of patients
reporting elevated depressive symptoms (3). Depression also is associated with worse
clinical outcomes in a variety of cardiac patient populations including myocardial infarction,
unstable angina, and coronary bypass surgery (4-6). Recent reports from our group and
others also have reported an association between depression and increased risk of adverse
events in HF patients (7-10). Despite this increased risk, however, there have been few
randomized trials to treat depression in patients with HF. In the Sertraline Against
Depression and Heart Disease-Heart Failure (SADHART-CHF) trial, reductions in
depressive symptoms were not greater in patients receiving sertraline compared to placebo
controls, and there was no effect of treating depression on clinical outcomes (11).

Aerobic exercise has been proposed as an alternative treatment for depression (12), and may
be comparable to established pharmacologic therapies (13,14). The Heart Failure - A
Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION) study reported
that exercise training, when added to usual, evidence-based care, produced modest
reductions in all-cause mortality and all-cause hospitalization (15). This HF-ACTION
ancillary study was designed to assess the effects of exercise on depressive symptoms and to
determine if reduced depressive symptoms were associated with improved clinical
outcomes.

METHODS
Eligibility and Trial Overview

A description of the methods and primary results of the HF-ACTION trial has been
published previously (15,16). Briefly, HF-ACTION was a multicenter, randomized clinical
trial of exercise training versus usual care in patients with left ventricular ejection fraction
(LVEF) ≤35% and New York Heart Association (NYHA) class II to IV symptoms despite
optimal HF therapy for at least 6 weeks. Patients were recruited from 82 centers within the
United States, Canada, and France. Race and ethnicity were documented by self-report (i.e.,
white, Hispanic, Black/African American, Native American, Asian, Hawaiian/Pacific
Islander) per NIH reporting guidelines. The protocol was approved by the respective
Institutional Review Boards or ethics committees for each of the clinical sites and the
coordinating center. All patients voluntarily provided written informed consent. The study
was conducted between April 2003 and February 2007. After an initial baseline assessment,
patients were randomized 1:1 to either aerobic exercise training (AE) or usual care (UC). A
permuted block randomization scheme stratified by clinical center and by HF etiology (i.e.,
ischemic versus non-ischemic) was used. Ischemic etiology was defined as the presence of
at least one of the four following criteria: 1) angiographic evidence of ≥ 75% lesion in one
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or more of the three major epicardial vessels; 2) history of MI; 3) history of
revascularization procedure; or 4) evidence of significant perfusion defect in the setting of
ischemic symptoms. The primary medical endpoint was all-cause mortality and/or
hospitalization, while the primary psychological endpoint was depressive symptoms
assessed after 3 months of supervised exercise. Secondary medical endpoints included
cardiovascular (CV) mortality and hospitalization and HF mortality and HF hospitalization;
the secondary psychological endpoint was depressive symptoms assessed at 12 months.

Assessment procedures
Exercise testing—All patients underwent baseline exercise stress testing under
continuous electrocardiographic monitoring with direct measurement of oxygen
consumption to document aerobic fitness. Tests were reviewed by investigators to identify
significant arrhythmias or ischemia that would prevent safe exercise training and to establish
appropriate training heart rate ranges.

Assessment of depression—Depression was assessed by the Beck Depression
Inventory-II (BDI-II) (17). The BDI-II is a 21-item, self-report measure of depressive
symptoms using a 0-3 scale (range 0-63). Each item asks about a particular symptom of
depression, as outlined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) (18). The BDI-II has been widely studied in cardiac patients and has
excellent psychometric properties including a test-retest reliability coefficient of 0.93. A
score of 14 or greater is considered to reflect clinically significant depressive symptoms; a
50% reduction in clinical symptoms is generally considered to be clinically meaningful in
trials of patients with major depression (19), but a clinically significant difference in BDI-II
scores between two treatment groups has not been established.

Interventions
Aerobic Exercise (AE)—Patients randomized to AE participated in 3 supervised exercise
sessions per week for 3 months; patients exercised on a treadmill or stationary cycle
ergometer as their primary training mode. Patients were encouraged to begin home-based
exercise after 18 supervised sessions and to fully transition to home exercise after 36
supervised sessions. Patients were provided home exercise equipment of their choosing
(cycle or treadmill; [ICON; Logan, UT]) and heart rate monitors (Polar USA, Inc., New
York, NY). The primary index of adherence was weekly volume of self-reported exercise (in
minutes). Full adherence was defined a priori as ≥ 90 min/week of supervised exercise
during months 1-3 and ≥ 120 min/week of home-based exercise during months 4-12.

Usual Care (UC)—Patients randomized to UC were not provided with a formal exercise
prescription. All patients, regardless of treatment arm, received detailed self-management
educational materials at the time of enrollment, including information on medications, fluid
management, symptom exacerbation, sodium intake, and activity recommendations of 30
minutes of moderate-intensity activity on most days of the week, consistent with the
American College of Cardiology/American Heart Association guidelines (20).

Follow-up
Patients were asked to return for clinic visits every 3 months for the first 2 years of
participation and yearly thereafter up to 4 years. Depression was assessed by repeat
administration of the BDI-II at 3-month intervals for the first year. To provide comparable
levels of attention from study personnel in the AE and UC arms, patients were called every 2
weeks for the first 9 months, monthly until 24 months of follow-up, and quarterly thereafter.
During these calls, patients in the AE arm were asked if they were performing the exercise
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training regimen as prescribed. Antidepressant medication use was recorded at baseline and
12 months. Patients in the UC arm were asked if they were exercising, but because of
concern that inquiring about exercise could unintentionally promote exercise, no
quantification of exercise was obtained.

Patients made their final visit at the end of the study follow-up period or at 4 years,
whichever came first. Follow-up was completed on March 15, 2008. For patients lost to
follow-up, searches of the Social Security Death Index and the National Death Index were
performed to assess whether any of these patients had died.

Primary and Secondary Outcomes—The primary medical endpoint was a composite
of all-cause mortality or all-cause hospitalization; cardiovascular (CV) mortality and
hospitalization and HF mortality and hospitalization served as combined secondary medical
endpoints. The primary psychological endpoint was BDI-II score at 3-months (i.e., at the
completion of the supervised exercise phase of the study); BDI-II scores at 12-months
served as a secondary endpoint. We also explored the relationship between exercise
adherence and BDI-II scores. Patients and investigators were blinded with respect to their
BDI-II scores. Deaths and hospitalizations were adjudicated by a Clinical Endpoint
Committee, blinded to treatment assignment and BDI-II scores. Once the patient had an
adjudicated HF hospitalization, no further hospitalizations for the patient were reviewed.
Event times were calculated as the time elapsed from randomization to the first event or to
censoring (time to last contact).

Statistical Analysis
Sample characteristics were described as median and interquartile range (IQR) for
continuous variables and frequency and percent for categorical variables. To examine the
effect of exercise on BDI-II scores at 3-and 12-months, we used two separate general linear
models (GLMs), in which treatment group assignment predicted post-treatment BDI-II
scores. We selected, a priori, age, gender, race, smoking, mitral valve regurgitation grade,
Weber class (i.e., aerobic capacity), NYHA class, diabetes, use of antidepressant
medication, and pretreatment BDI-II score as adjustment covariates. We supplemented this
analysis by exploring the same model with the sample restricted to participants with
clinically significant levels of depressive symptoms (BDI-II ≥ 14) at baseline. Theses
analyses adhered to the intent-to-treat principle, using SAS PROC MI to impute missing
data. Number needed to treat was calculated using adjusted BDI-II values generated from
the above GLMs. We also used GLMs to examine the association between self-reported
minutes of exercise and BDI-II scores at 3- and 12-months. Because self-reported minutes of
exercise were not recorded in the UC group, the analysis was limited to only AE
participants. In this model, we included the following baseline variables selected a priori:
BDI-II, gender, age, race, smoking status, blood urea nitrogen, LVEF, NYHA class,
hypertension, diabetes, six minute walk distance, Weber score, Kansas City
Cardiomyopathy Questionnaire score (21), site, beta blockade dose, and mitral valve
regurgitation, ventricular conduction status, and use of any antidepressant medication. We
also estimated a Cox regression model (22) to investigate the association between self-
reported minutes of exercise and the primary and secondary clinical endpoints. These latter
models included the same covariates described above in the analysis of minutes of exercise
and BDI-II scores.

Finally, we estimated two sets of Cox regression models that examined the association
between the baseline BDI-II scores and the primary clinical endpoint and the change in BDI-
II scores from baseline to 3-months with the clinical endpoints. In the latter model, we
limited our analysis to clinical events that occurred after the end of the 3-month treatment
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period. The models included the same covariates described above in the analysis of exercise
minutes and BDI-II scores. With the exception of the GLMs for the 3- and 12-month
depression outcomes, adjustment covariates with missing data were imputed using the
median of the variable. For key predictor variables that were measured as continuous
variables (minutes of exercise, BDI-II scores) we tested for potential nonlinearity using
restricted cubic splines with 3 knots (23).

The sample size for the main trial was calculated for the primary medical endpoint such that
there was 90% power to detect an 11% reduction associated with treatment in 2-year all-
cause mortality or all-cause hospitalization. We also calculated the detectable effect size for
treatment on the BDI-II scores, given the known available sample size. With a sample size
of 2322, assuming a standard deviation of 10 on the BDI-II and a two-sided significance
level of .05, we estimated that we would have 80% power to detect a treatment group
difference of about 1 point on the BDI-II. All analyses used a two-sided test for significance
at an alpha of .05. Analyses were carried out using SAS (SAS Institute, Cary, NC) and the
rms package in R (http://www.r-project.org/).

RESULTS
The sample was comprised of 2322 participants (99% of the original sample of 2331
patients) who completed the BDI-II at baseline (pre-treatment). Figure 1 displays the patient
flow through the study. Table 1 displays the background demographic and clinical
characteristics of the sample for each treatment group, stratified by baseline depressive
symptom severity. The median age of the participants was 59 years (IQR= 51-68, range =
19-91). The majority of participants were white, male, married, and achieved at least a high
school education (see Table 1). The median BDI-II score at study entry was 8 (IQR = 4-15, ,
range= 0 -59); BDI-II scores ≥14 are considered clinically significant (17), which was noted
in 28% of the sample. The AE and UC groups were generally comparable with respect to
baseline demographic and clinical characteristics. A slightly higher proportion of AE
participants had a greater than high school education compared to UC (62% vs. 58%) and
achieved a shorter distance on the six minute walk test (366 vs. 373 meters). Participants
with more severe depressive symptoms at baseline were more likely to be taking an
antidepressant medication, and also were more likely to have more severe HF, although
these differences were comparable across treatment groups.(See eTable 1 in online
supplement for a more detailed description of baseline variables).

Adherence to exercise protocol
As reported in the primary paper (15), patients in the AE group exercised for a median of 76
min/wk during the first 3 months of supervised exercise, increased to a median of 95 min/wk
during months 4-6, and then decreased to 74 min/wk at months 10-12. During the supervised
phase (i.e., months 0-3), 41% of the sample achieved full adherence (defined as ≥ 90-min/
wk), while full adherence (defined as >120 min/wk) during the home-based phase was
achieved in 42% of the sample in months 4-6, 41% of the sample achieved full adherence in
months 7-9, and 38% of the sample achieved full adherence in months 10-12.

Cardiopulmonary changes with treatment
After 3 months, participants in the AE group increased their peak oxygen consumption
(VO2peak) by 0.6 ml/kg/min compared to 0.2 ml/kg/min in the UC group (p< 0.001); AE
participants further increased their VO2peak by 0.7 ml/kg/min from baseline to 12 months
compared to 0.1 ml/kg/min for UC (p <0.001).
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Effects of exercise on depressive symptoms
BDI-II scores were available for 2322 participants at baseline, 2019 at 3-months and 1738 at
12-months. The adjusted 3-month BDI-II mean score was 8.95 (95% CI = 8.61, 9.29) for the
AE group and 9.70 (95% CI = 9.34, 10.06) for UC (difference =−0.76, 95 % CI= −1.22,
−0.29, p = .002). The adjusted BDI-II score at 12-months was 8.86 (95% CI= 8.67, 9.24) for
the AE group and 9.54 (95% CI = 9.15, 9.92) for UC (difference = −0.68, 95% CI = −1.20,
−0.16; p = .01). The estimated number needed to treat for the BDI-II outcome at 3 months
was 49 (95% CI = 20, infinity) and 35 (95% CI = 17, 4646) for the 12-month BDI-II
outcome. We also examined the treatment effects within the subset of patients with
clinically significant depressive symptoms (baseline BDI-II scores ≥14). In this case, BDI-II
scores at 3 months were lower for patients in the AE group (Mean = 16.66; [95% CI =
15.78, 17.53]) compared to patients in UC (Mean = 17.98; [95% CI = 17.04, 18.91]); p = .
04, difference= −1.31 [95% CI = −2.54, −0.09]), and also lower after 12-months for
depressed patients in the AE group (Mean=15.85 [95% CI = 14.90, 16.78] compared to
depressed patients in UC (Mean=17.34 [95% CI = 16.34, 18.34];p = .02, difference= −1.56
[95% CI = −2.84, −0.27]). Based on this subsetted analysis, using BDI-II ≥ 14 as the cutoff,
the number needed to treat was 6 (95%CI = 4, 9) and 5 (95% CI = 4, 7) for 3- and 12-
months respectively.

We also explored the association between self-reported minutes of exercise per week and
BDI-II scores at 3-months and 12-months. Because detailed exercise information was
available for only the participants in the AE group, participants in the UC group were
excluded from these analyses, leaving 814 participants with complete data for the 3-month
analysis and 629 for the 12-month analysis. Volume of exercise (in minutes) at 3-months
was inversely related to depressive symptoms at 3-months. Compared to a participant
reporting no exercise, a participant reporting 90 minutes of exercise per week could be
expected to have a 1.55-point lower BDI-II score at 3 months (95% CI = −2.88, −0.33, p =
0.001) and a 1.67-point lower BDI-II score at 12-months (95% CI = −2.62, −0.73, p =
0.001). Self-reported exercise at 12- months was associated with BDI-II scores at 12-months
in a nonlinear fashion (p = .003) (Figure 2.) The nonlinear effect was such that exercise time
beyond 90 minutes of exercise per week appeared to provide little added benefit.

Relation of exercise and subsequent clinical events
Table 2 displays the frequency for the primary endpoint and two secondary endpoints for
each treatment group stratified on BDI-II severity at baseline. Among the 2322 cases
available for the analysis of the primary clinical endpoint (all-cause death or first all-cause
hospitalization), we observed 1548 events (386 deaths and 1162 hospitalizations) over a
median follow-up time of 30 months (IQR = 5.3-27, range = 0-49). Figure 3 displays
Kaplan-Meier curves for event-free survival for the primary endpoint, stratified by treatment
group and BDI-II severity categories (BDI-II < 14, BDI-II ≥ 14). The Cox regression model
revealed that AE was associated with a lower risk for an event compared to UC (HR = 0.89,
95%CI = 0.81, 0.99, p = .03). AE also was associated with lower risk for the secondary
endpoint of HF hospitalizations and death (HR = 0.85, 95% CI = 0.73, 0.98, p = .03)
compared to UC, and tended to be associated with a lower risk of CV hospitalization and
death (HR = 0.91, 95% CI = 0.81, 1.01, p = .09).

Relation of depressive symptoms and subsequent clinical events
Higher baseline BDI-II was associated with increased event risk. Because BDI-II scores
were modeled as a continuous variable, we elected to scale it in the Cox model such that the
HR compared a non-depressed participant (BDI-II score of 4, the value at the 25th

percentile) with a participant with mild clinical depression (BDI-II ≥ 14). The HR for this
BDI-II scaling was 1.16 (95% CI = 1.05, 1.29, p = .01). Participants with higher levels of
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depression also were at increased risk for HF death and HF hospitalizations. Again,
comparing a participant with a BDI-II score of 14 with a participant with score of 4 resulted
in a HR of 1.20 (95% CI = 1.03, 1.40, p = .02). Similarly, for the combined secondary CVD
endpoint, comparing a typical participant with a BDI-II score of 14 at baseline to a
participant with a score of 4, the HR was 1.17 (95% CI = 1.04, 1.31, p = .003).

We also examined the association of change in BDI-II from baseline to three months and the
time to all-cause death or first hospitalization by adding the raw change in BDI-II (from
baseline to three months) to the primary model, maintaining baseline BDI-II in the model.
After excluding persons who had no BDI-II data at 3 months, 2009 patients were available
for analysis, 1289 of whom suffered an event during the subsequent follow-up period. The
treatment group by BDI-II change interaction was not significant (p = 0.73), suggesting that
the relationship between change in depressive symptoms and the primary endpoint was
similar for the AE and UC groups. After adjusting for covariates (including baseline BDI-II
scores and antidepressant medication use), we observed a significant association between
BDI-II change and all cause death or hospitalization (p =.02) (eFigure 1 in supplement). We
examined two local HRs (and 95% CIs) using predicted values from the Cox model; one HR
reflecting a comparison of a participant who improved on the BDI-II versus no change (−10
point change vs 0 change), and a second comparing a participant who worsened versus no
change (+10 points vs. 0 change). The HR for improvement in BDI-II was 0.92 (95% CI=
0.79, 1.06), while the HR for BDI-II worsening was 1.21 (95% CI= 1.03, 1.43). A similar
pattern was seen for BDI-II change and the two secondary endpoints, combined CV death
and hospitalization (p = .003) and HF death and hospitalization (p = .001). For the combined
CV endpoints, the HR for improvement was 0.87 (95% CI= 0.74, 1.02), while the HR for
worsening was 1.27 (95%CI= 1.06, 1.51). For the combined HF endpoints, the HR for
improvement was 0.88, (95%CI= 0.72, 1.09), while the HR for worsening was 1.43 (95%
CI= 1.15, 1.78).

DISCUSSION
The results of this HF-ACTION ancillary study confirm and extend previous research by
demonstrating that exercise training may be effective in reducing depressive symptoms and
by further documenting the prognostic significance of depression in HF patients. While
previous studies have reported that exercise is associated with reduced symptoms of
depression in patients with clinical depression (12,24), to our knowledge, this is the first
randomized trial to show that exercise resulted in a significant reduction in depressive
symptoms in HF patients. After 3 months of supervised exercise, patients in the AE
condition achieved a 1.75-point reduction in BDI-II scores compared to 0.98-points in UC
controls; differences were even larger for patients with BDI-II scores ≥14. Patients in the AE
condition continued to exhibit greater reductions in depressive symptoms during months
4-12, in which they engaged in home-based exercise, showing a 2.2-point reduction from
baseline compared to 1.3-points in UC. The difference between exercise and control is
modest and its clinical significance is not known. However, because the difference was
consistent over 12 months suggests that the difference is robust and does not simply reflect
daily fluctuations in symptoms but is likely to be associated with better social functioning
and higher quality of life. It also should be noted that among patients with BDI-II scores ≥
14 at baseline, the difference between AE and UC was 1.3 and 1.6 points at three and twelve
months, respectively, which is comparable to placebo-control trials of patients with MDD.
In the SADHART trial, the difference between placebo and sertraline was 0.8 points on the
HAM-D (25) and in the SADHART-CHF the difference was 0.3 points (11). In the
ENRICHD trial (26), patients receiving CBT showed a 2.7-point greater reduction in BDI
scores compared to usual care controls. However, ENRICHD patients were clinically
depressed and received treatment (CBT and anti-depressant medication) to reduce their
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depression. Participants in the HF-ACTION trial were not diagnosed with MDD and most
were not clinically depressed. Furthermore, participants in UC received biweekly phone
calls from study staff and 23% of UC participants received antidepressant medication and
48% indicated that they engaged in regular (up to twice per week) exercise during the trial.

Within the AE group, patients who reported greater adherence to the exercise prescription
achieved even larger reductions in depressive symptoms. Compared to no exercise, 90
minutes of exercise per week, the equivalent of 3, 30-minute sessions, was associated with
more than a 1.5 point reduction in BDI-II scores. These differences, albeit relatively modest,
are not insignificant, particularly in light of the fact that relatively few patients reported
elevated depressive symptoms to begin with. It should be noted, however, that people who
did not exercise may have been more depressed, so that it is not clear if exercise resulted in
lower depression, or if depression resulted in less exercise.

Several prior studies have shown that exercise training may be comparable to antidepressant
medication in reducing depressive symptoms (13,14). However, to date, the benefits of
antidepressant medication in cardiac patients have provided mixed results. In the
SADHART study, only the subgroup of patients with more severe depression appeared to
benefit from sertraline (25). Results from the SADHART-CHF trial showed that sertraline
performed no better than placebo after 12 weeks of treatment, and did not improve clinical
outcomes (11). In the present study, 90 minutes of exercise per week was sufficient to
reduce depressive symptoms; greater volumes of exercise were not necessarily associated
with greater improvements in depressive symptoms. The optimal dose of exercise to achieve
benefit remains uncertain. Prior studies in patients with major depression reported that 90
minutes of exercise per week was sufficient to reduce depressive symptoms (13,14) and
maintenance of 60 min/week of exercise reduced the risk of relapse over a 1-year follow up
period (27). Data from the present study must be interpreted with caution, since patients
self-selected their exercise dose; however, a small study of depressed, non-cardiac patients
suggested that 150 min/wk of exercise was most effective in reducing depressive symptoms
(28). The optimal dose of exercise needed to achieve the maximal therapeutic benefit in
reducing depressive symptoms in cardiac patients still needs to be determined.

We also observed that elevated depressive symptoms were associated with more than a 20%
increase in risk for all-cause mortality and hospitalizations, and that the increased risk was
independent of antidepressant use and established risk factors in HF patients including age
and disease severity. These data add to a growing body of evidence that elevated depressive
symptoms, without necessarily meeting diagnostic criteria for major depressive disorder, are
associated with increased risk for adverse clinical events (29,30). These findings also
support the recent recommendations of the American Heart Association Scientific Advisory
Board, which recommended that depression be routinely assessed in cardiac patients (31).

Examination of the relationship of changes in depression and clinical outcomes revealed that
patients whose depression worsened over time were at particularly increased risk. These
findings are consistent with our prior study of 147 HF patients in which patients who had an
increase in BDI-I scores of 3 points or more after 1 year were at more than twice the risk of
adverse outcomes then patients whose BDI score remained relatively stable (32). A recent
substudy from SADHART-CHF (33) found that those depressed HF patients who were
considered remitted after 12 weeks of treatment had fewer cardiovascular events compared
to non-remitted patients, independent of treatment. While it is possible that reduced
depressive symptoms were responsible for improved clinical outcomes, it is also possible
that worsening of depression may identify a subset of depressed patients who may be
vulnerable to adverse events. Thus, efforts not only to reduce depressive symptoms but to
prevent worsening of depressive symptoms may be especially important. In addition to its
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cardiopulmonary benefits, exercise may be effective in reducing depressive symptoms and
preventing worsening of symptoms in HF patients.

Limitations
Patients enrolled in HF-ACTION had to been willing and able to engage in aerobic exercise.
Because patients who either were already exercising or who were unwilling to be
randomized to an exercise condition were excluded from the trial, the generalizability of the
results may be limited. Second, although this was a planned secondary analysis of HF-
ACTION, the design was a retrospective analysis of prospectively collected data and
participants were not randomized to different pre-specified exercise volumes. Thus, it is
possible that patients who were healthier or more motivated to adhere to treatment,
including medications, might have been better able to engage in exercise. The observed
association between minutes of exercise and reduced depressive symptoms could be a result
of the beneficial effects of greater volumes of exercise in reducing depressive symptoms, but
also could reflect that patients with more severe depressive symptoms may be less likely to
engage in exercise. An adequately powered and appropriately designed dose-response trial
would be needed to determine the optimal dose of exercise needed to reduce depressive
symptoms to clinically significant levels. Third, due to missing data for some of the clinical
parameters measured in HF-ACTION, we used simple median imputation for the time-to-
event analyses, which allowed us to include a greater number of cases. The results of these
analyses differed very little compared to simply omitting variables for which complete data
were unavailable, however. Fourth, we used the BDI-II to assess depressive symptoms.
While the BDI-II is widely recognized as a valid and reliable psychometric instrument for
assessing depressive symptoms, and has been associated with increased risk of morbidity
and mortality in a number of studies in cardiac patient populations (4,5,7), it should not be
used to diagnose clinical depression. The extent to which exercise could improve depressive
symptoms in patients with major depression was not assessed in this trial. BDI-II scores
were also somewhat lower than expected. Using the BDI-I, Sherwood et al. (32) reported
that more than half of the sample exhibited significant levels of depressive symptoms,
compared to only 28% in the present sample. Moreover, Sherwood reported that the level of
risk associated with elevated BDI scores was greater than the risk we observed in HF-
ACTION. The reasons for this discrepancy are not obvious. Sixth, unplanned crossover may
have affected our findings. Only about 40% of patients assigned to the AE condition were
fully compliant with the exercise program in achieving pre-specified target exercise volumes
(i.e., 90 min/week for months 1-3 and 120 min/wk for months 4-12), and 40-50% of UC
patients reported that they had engaged in at least some exercise during the first year of the
trial. Finally, while we suggested that worsening depressive symptoms may contribute to
deteriorating HF, it also is possible that increasing depressive symptoms may reflect
worsening HF. Whether worsening depression is a cause or consequence of increased HF
symptoms could not be determined.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow of participants through trial.
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Figure 2.
Nonlinear association between self-reported weekly minutes of exercise (from months 9-12)
and BDI-II scores at 12 months, adjusted for gender, age, race, smoking status, blood urea
nitrogen, LVEF, NYHA class, hypertension, diabetes, six minute walk distance, Weber
score, Kansas City Cardiomyopathy Questionnaire score (21), site, beta blockade dose, and
mitral valve regurgitation, ventricular conduction status, use of any antidepressant
medication, baseline BDI-II scores, and BDI-II scores at 3 months. The weekly minutes
term in the model was fitted using a 3-knot restricted cubic spline. The analysis is limited to
participants in the AE condition only and with complete BDI-II data at 12 months (N = 629).
Fitted line is for a typical participant (median of continuous covariates, most prevalent class
for categorical variables). Shaded area represents 95% CI and hatch marks represent case
density, with each dot representing a case. Some density dots extend beyond x-axis range in
order to display the cases more clearly. Comparing a participant who reported 90 minutes of
exercise per week to a participant who reported 0 minutes per week revealed a regression
coefficient of −1.67 (95% CI = −2.62, −0.73).
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Figure 3.
Unadjusted Kaplan-Meier curves for time to composite endpoint (all-cause death or first all-
cause hospitalization). Curves represent sample stratified on treatment group assignment
(blue = Aerobic Exercise, red = Usual Care) and depressive symptom severity category
(solid line = BDI-II < 14, dashed line = BDI-II ≥ 14). The number at risk for each group is
displayed across the bottom of the plot.
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