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BackgroundBackground

Several studies have demonstrated that Several studies have demonstrated that 
exercise training improves functional exercise training improves functional 
capacity in patients with heart failure:capacity in patients with heart failure:

Increased exercise capacityIncreased exercise capacity
Improved quality of lifeImproved quality of life
Improved biomarkersImproved biomarkers

Belardinelli R et al. Circ 1999; 99:1173-1182; Coats AJ et al. Circ
1992; 85:2119-2131; Hambrecht R, et al. J Am Coll Cardiol 1995; 
25:1239-1249; McKelvie RS. Heart Fail Rev 2008; 13:3-11.

Belardinelli R et al. Circ 1999; 99:1173-1182; Coats AJ et al. Circ
1992; 85:2119-2131; Hambrecht R, et al. J Am Coll Cardiol 1995; 
25:1239-1249; McKelvie RS. Heart Fail Rev 2008; 13:3-11.
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Influence of Exercise Training on MortalityInfluence of Exercise Training on Mortality

MetaMeta--analysis 11 studies (729 subjects)analysis 11 studies (729 subjects)

HR = 0.61 (95% CI: 0.37, 1.02), P= 0.06HR = 0.61 (95% CI: 0.37, 1.02), P= 0.06

Smart N et al.  Am J Med 2004;116:693-706.Smart N et al.  Am J Med 2004;116:693-706.



Limitations of Prior StudiesLimitations of Prior Studies

Relatively smallRelatively small

Majority singleMajority single--centercenter

Underpowered to evaluate mortality and Underpowered to evaluate mortality and 
morbiditymorbidity

Lack of adequate control groupsLack of adequate control groups

Limited safety dataLimited safety data



HFHF--ACTION Primary HypothesisACTION Primary Hypothesis

Patients with left ventricular systolic Patients with left ventricular systolic 
dysfunction and New York Heart Association dysfunction and New York Heart Association 
class IIclass II--IV symptoms who undergo exercise IV symptoms who undergo exercise 
training in addition to usual care will have a training in addition to usual care will have a 
20% lower rate of 20% lower rate of allall--cause death or cause death or 
hospitalization (primary endpoint)hospitalization (primary endpoint) over two over two 
years than patients who receive usual care years than patients who receive usual care 
alone. alone. 

Whellan DJ, O’Connor CM, Lee KL et al.  Am Heart J 2007;153:201-211.Whellan DJ, O’Connor CM, Lee KL et al.  Am Heart J 2007;153:201-211.



CV mortality + CV hospitalizationCV mortality + CV hospitalization
CV mortality + HF hospitalizationCV mortality + HF hospitalization
MortalityMortality
SafetySafety
Exercise capacityExercise capacity
QOLQOL
CostCost

HFHF--ACTION Secondary EndpointsACTION Secondary Endpoints



Study DesignStudy Design

Chronic heart failure, NYHA Class II-IV, LVEF ≤ 35%,
optimal HF medical therapy, capable of exercising

Chronic heart failure, NYHA Class II-IV, LVEF ≤ 35%,
optimal HF medical therapy, capable of exercising

Pre-randomization CPX and ECHOPre-randomization CPX and ECHO

Randomization 1:1

(Stratified by center and HF etiology)

Randomization 1:1

(Stratified by center and HF etiology)

Exercise TrainingExercise TrainingUsual CareUsual Care
Whellan DJ, O’Connor CM, Lee KL et al.  
Am Heart J 2007;153:201-211.
Whellan DJ, O’Connor CM, Lee KL et al.  
Am Heart J 2007;153:201-211.

Median Follow-up 2.5 yearsMedian Follow-up 2.5 years



Treatment GroupsTreatment Groups

Usual CareUsual Care
Optimized medical treatmentOptimized medical treatment
Patient educationPatient education
Phone callsPhone calls

Exercise TrainingExercise Training
Optimized medical treatmentOptimized medical treatment
Patient educationPatient education
Phone callsPhone calls
Supervised trainingSupervised training
Home training Home training 



Statistical Power / Sample SizeStatistical Power / Sample Size
The study was designed to provide 90% power to The study was designed to provide 90% power to 
detect a 20% detect a 20% ↓↓ over 2 years over 2 years if patients were if patients were 
compliant with the exercise interventioncompliant with the exercise intervention

Assumptions:Assumptions:
Annual event rate of 30% in the usual care groupAnnual event rate of 30% in the usual care group
NonNon--adherence rates of 30% in the first year of followadherence rates of 30% in the first year of follow--up up 
and 12.5% annually thereafterand 12.5% annually thereafter
Annual crossover rate of 5% from usual care to exerciseAnnual crossover rate of 5% from usual care to exercise
Planned median followPlanned median follow--up of 2.5 yearsup of 2.5 years

To account for nonTo account for non--adherence and crossover, the adherence and crossover, the 
study was actually powered to detect an 11% study was actually powered to detect an 11% ↓↓

TwoTwo--sided sided αα = 0.05= 0.05

Target sample size 3000; later reduced to 2300 based Target sample size 3000; later reduced to 2300 based 
on higher than projected aggregated event rate on higher than projected aggregated event rate 



Statistical AnalysisStatistical Analysis

IntentionIntention--toto--treattreat

Treatments compared using timeTreatments compared using time--toto--event event 
analysis based on the loganalysis based on the log--rank test, stratified rank test, stratified 
by HF etiologyby HF etiology

Relative risks derived from Cox proportional Relative risks derived from Cox proportional 
hazards model, reported as HR (95% CI)hazards model, reported as HR (95% CI)



Adjusted AnalysisAdjusted Analysis

Prespecified in protocol (secondary)Prespecified in protocol (secondary)

Adjustment for highly prognostic factors may 
improve the accuracy of the estimated treatment 
effect.

Strongest prognostic factors for the primary 
endpoint, selected without using treatment 
information

CPX duration
LVEF
Beck Depression Inventory
History of atrial fibrillation and flutter



Baseline CharacteristicsBaseline Characteristics

9.5 (6.9, 12.0)9.5 (6.9, 12.0)9.7 (7.0, 12.1)9.7 (7.0, 12.1)CPX duration, minutes *CPX duration, minutes *
14.4 (11.3, 17.6)14.4 (11.3, 17.6)14.5 (11.6, 17.8)14.5 (11.6, 17.8)Peak VOPeak VO22 , , mLmL/min/kg */min/kg *

10101111History of Stroke, %History of Stroke, %
30 (26, 35)30 (26, 35)30 (26, 35)30 (26, 35)BMI, kg/mBMI, kg/m2 2 **

21212121AfibAfib/flutter, %/flutter, %

33333232Diabetes, %Diabetes, %

25 (20, 30)25 (20, 30)25 (20, 30)25 (20, 30)LVEF, % *LVEF, % *

1.2 (1.0, 1.5)1.2 (1.0, 1.5)1.2 (1.0, 1.5)1.2 (1.0, 1.5)Serum Creatinine, mg/Serum Creatinine, mg/dLdL **

52525151Ischemic etiology, %Ischemic etiology, %

62 / 36 / 162 / 36 / 164 / 35 / 164 / 35 / 1NYHA Class, % II / III / IVNYHA Class, % II / III / IV
33333232African American, %African American, %
30302727Female, %Female, %

59 (51, 68)59 (51, 68)59 (51, 68)59 (51, 68)Age, y *Age, y *

Exercise TrainingExercise Training
N=1159N=1159

Usual CareUsual Care
N=1172N=1172

*Median (25th, 75th)*Median (25th, 75th)



Baseline Medications and DevicesBaseline Medications and Devices
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Exercise Training: Minutes Per WeekExercise Training: Minutes Per Week
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Median Change in 6Median Change in 6--Minute Walk and Minute Walk and 
Cardiopulmonary Exercise (CPX) TestsCardiopulmonary Exercise (CPX) Tests

<0.00010.60.2Peak VO2 (mL/min/kg)
<0.00011.50.3CPX exercise duration (min.)
<0.00012056-minute walk distance (m)

P-valueExercise
Training

Usual
Care

* Complete case analysis* Complete case analysis

Baseline to 3 months*Baseline to 3 months*

<0.00010.70.1Peak VO2 (mL/min/kg) 
<0.00011.50.2CPX exercise duration (min.)

0.2613126-minute walk distance (m)

P-valueExercise
Training

Usual
CareBaseline to 12 months*Baseline to 12 months*
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AllAll--Cause Mortality or AllCause Mortality or All--Cause HospitalizationCause Hospitalization

(Primary)  HR 0.93 (95% CI: 0.84, 1.02), P = 0.13
*Adjusted HR 0.89 (95% CI: 0.81, 0.99), P = 0.03
(Primary)  HR 0.93 (95% CI: 0.84, 1.02), P = 0.13
*Adjusted HR 0.89 (95% CI: 0.81, 0.99), P = 0.03

* Adjusted for key prognostic factors* Adjusted for key prognostic factors* Adjusted for key prognostic factors



CV Mortality or CV HospitalizationCV Mortality or CV Hospitalization

HR 0.93 (95% CI 0.84, 1.02, P=0.13)HR 0.93 (95% CI 0.84, 1.02, P=0.13)
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HR 0.92 (95% CI: 0.83, 1.03), P = 0.14
*Adjusted HR 0.91 (95% CI: 0.82, 1.01), P = 0.09

* Adjusted for key prognostic factors* Adjusted for key prognostic factors* Adjusted for key prognostic factors
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CV Mortality or HF HospitalizationCV Mortality or HF Hospitalization

HR 0.87 (95% CI: 0.75, 1.00), P = 0.06
*Adjusted HR 0.85 (95% CI: 0.74, 0.99), P = 0.03

* Adjusted for key prognostic factors* Adjusted for key prognostic factors* Adjusted for key prognostic factors



AllAll--Cause MortalityCause Mortality

HR 0.93 (95% CI 0.84, 1.02, P=0.13)HR 0.93 (95% CI 0.84, 1.02, P=0.13)
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>70

Subject Group Interaction P-valueN HR
All Subjects
Age
≤70

Sex
Female
Male

Etiology of HF
Ischemic
Non-ischemic

2331 0.93
0.69

1896
435

0.92
0.96

0.17
661
1670

0.83
0.97

0.73
1197
1134

0.94
0.91

Exercise Better Usual Care Better
0.5 1.0 2.0

>25

Baseline NYHA Class

LVEF
≤25

History of MI
No
Yes

On ACE-inhibitor
No
Yes

1477 0.95

0.68
1217
1110

0.94
0.91

0.60

0.12
979

1352

595
1736

0.91
0.96

0.81
0.97

II
III/IV 854 0.85

0.27

Subgroup AnalysisSubgroup Analysis



Serious Adverse EventsSerious Adverse Events

0.4% 0.4% 0.4%0.4%Deaths identified as possibly occurring Deaths identified as possibly occurring 
within 3 hours of physical activitywithin 3 hours of physical activity

37%37%40%40%At least one CV event *At least one CV event *

22%22%23%23%At least one ICD firingAt least one ICD firing

0.3%0.3%0.6%0.6%Hospitalized for fracture of hip/pelvisHospitalized for fracture of hip/pelvis
3%3%2%2%Hospitalized after physical activityHospitalized after physical activity

Ex TrainingEx Training
N=1159N=1159

Usual CareUsual Care
N=1172N=1172

* Worsening HF, MI, unstable angina, serious adverse arrhythmia, stroke, TIA* Worsening HF, MI, unstable angina, serious adverse arrhythmia, stroke, TIA



LimitationsLimitations

Suboptimal adherence in the exercise Suboptimal adherence in the exercise 
training group and physical activity by training group and physical activity by 
the usual care group may have the usual care group may have 
diminished the benefit of exercise diminished the benefit of exercise 
trainingtraining

Blinding of subjects and research Blinding of subjects and research 
personnel not possiblepersonnel not possible

Core labs blindedCore labs blinded
Clinical Endpoint Committee blindedClinical Endpoint Committee blinded



ConclusionsConclusions

HFHF--ACTION is the largest randomized ACTION is the largest randomized 
trial of exercise training in patients trial of exercise training in patients 
with heart failure. with heart failure. 

Regular exercise training is safe in Regular exercise training is safe in 
patients with heart failure. patients with heart failure. 

Exercise training provided modest Exercise training provided modest 
improvements in physiologic improvements in physiologic 
endpoints.endpoints.



Conclusion Conclusion (continued)(continued)

Based on the main analysis adjusted for HF Based on the main analysis adjusted for HF 
etiology, exercise training produced a modest, etiology, exercise training produced a modest, 
nonnon--significant decrease in the primary endpoint significant decrease in the primary endpoint 
(all(all--cause mortality or allcause mortality or all--cause hospitalization) cause hospitalization) 
and key secondary clinical endpoints. and key secondary clinical endpoints. 

In protocolIn protocol--specified analyses adjusted for specified analyses adjusted for 
prognostic factors, the treatment effect was prognostic factors, the treatment effect was 
statistically significant for the primary endpoint statistically significant for the primary endpoint 
and for the secondary endpoint of CV mortality or and for the secondary endpoint of CV mortality or 
HF hospitalization.HF hospitalization.



Conclusion Conclusion (continued)(continued)

Based on the safety of exercise training Based on the safety of exercise training 
and the modest reduction in clinical events, and the modest reduction in clinical events, 
the HFthe HF--ACTION study results support a ACTION study results support a 
prescribed exercise training program for prescribed exercise training program for 
patients with reduced LV function and HF patients with reduced LV function and HF 
symptoms in addition to evidencesymptoms in addition to evidence--based based 
therapy.therapy.





Back up slidesBack up slides



Usual Care CrossoverUsual Care Crossover

Participating in any formal or nonParticipating in any formal or non--formal formal 
exercise programexercise program

23% said yes on all calls first 3 months23% said yes on all calls first 3 months
8% said yes on all calls after 3 months8% said yes on all calls after 3 months

Estimated that usual care group exercising 30% Estimated that usual care group exercising 30% 
of the time based on phone call data.of the time based on phone call data.

Median Time Exercising based on PAQ Median Time Exercising based on PAQ 
6 months: Vigorous 6 months: Vigorous -- 0, Moderate 0, Moderate -- 0, Walking 0, Walking -- 6565

12 months: Vigorous 12 months: Vigorous -- 0, Moderate 0, Moderate -- 0, Walking 0, Walking -- 7575



Surveillance Measures, First Nine Months

79 (9%) 79 (9%) 55 (6%) 55 (6%) Patients with at least one 
contact resulting in decreased 
diuretic dose
1. Phone calls the study coordinator makes to the patient per protocol.
2. "Provider contacts" refers to times in which the patient, the patient's family/friend, study personnel, exercise 

trainer, etc., have contacted the patient's provider due to changes in the patient's health or symptoms.
3. Changes to medications other than diuretics.

168 (19%)134 (16%)Patients with at least one 
contact resulting in increased 
diuretic dose

383 (43%)311 (36%)Patients with at least one 
contact resulting in medication3

change

652 (70%)533 (60%)Patients with at least one 
provider contact2 in 9 months

1.73 (1.26, 2.03)1.68 (1.15, 1.96)Completed HF-ACTION phone 
calls1

Exercise
Group
(N=981)

Usual Care
Group
(N=961)

Surveillance Measures
(all measures calculated per 

month)



Exercise Training ProgramExercise Training Program

*Week intervals shown are goals and may vary for individual participants. *Week intervals shown are goals and may vary for individual participants. 

Walk/CycleWalk/Cycle6060--70%70%4040551313--endendHomeHomeMaintenanceMaintenance

Walk/CycleWalk/Cycle70%70%3030--35353 & 23 & 277--1212Clinic & Clinic & 
HomeHome

Supervised Supervised 
& Home& Home

Walk/CycleWalk/Cycle70%70%3030--35353333--66ClinicClinicSupervisedSupervised

Walk/CycleWalk/Cycle60%60%1515--30303311--22ClinicClinicInitial Initial 
supervisedsupervised

TrainingTraining
ModeMode

IntensityIntensity
(% HR reserve)(% HR reserve)

AerobicAerobic
minutesminutes

SessionsSessions
/ week/ week

Week*Week*LocationLocationTraining Training 
PhasePhase



Eligibility CriteriaEligibility Criteria

InclusionInclusion
LVEF LVEF ≤≤35%35%
NYHA class IINYHA class II--IVIV
Optimal HF therapy Optimal HF therapy 
at stable doses for at stable doses for 
6 weeks6 weeks

ExclusionExclusion
Age <18 yrsAge <18 yrs
Comorbidity that Comorbidity that 
interferes with interferes with 
exercise trainingexercise training
Major CV event or Major CV event or 
procedure < 6 procedure < 6 
weeksweeks
Expected cardiac Expected cardiac 
transplanttransplant
HF due to HF due to 
uncorrected uncorrected 
primary primary valvularvalvular or or 
congenital heart congenital heart 
diseasedisease

Exclusion (cont).Exclusion (cont).
Exercise training Exercise training 
>1x/wk at >1x/wk at 
moderate/vigorous moderate/vigorous 
intensityintensity
Devices that limit Devices that limit 
attainment of target attainment of target 
heart ratesheart rates
Exercise testing Exercise testing 
results that indicate results that indicate 
exercise training exercise training 
may be unsafemay be unsafe

Whellan DJ, O’Connor CM, Lee KL et al.  Am Heart J 2007;153:201-211.Whellan DJ, O’Connor CM, Lee KL et al.  Am Heart J 2007;153:201-211.



ProtocolProtocol--Specified Adjusted AnalysesSpecified Adjusted Analyses

All-cause mortality and hospitalization (primary)

CV Mortality and HF hospitalization

CV Mortality and CV hospitalization

0.030.74, 0.990.85Prognostic factors

0.090.82, 1.010.91Prognostic factors

0.030.81, 0.990.89Prognostic factors

0.060.75, 1.000.87HF etiology

0.140.83, 1.030.83, 1.030.92HF etiology

0.130.84, 1.020.84, 1.020.93HF etiology 1

P-value95% CIHazard
Ratio

Adjusted For:Adjusted For:

1 specified as primary analysis1 specified as primary analysis



Clinical OutcomesClinical Outcomes

0.130.93
(0.84, 1.02)

759 (65%)796 (68%)AllAll--cause mortality or cause mortality or 
hosp, N (%)hosp, N (%)

0.920.92
(0.74, 1.15)(0.74, 1.15)

0.960.96
(0.79, 1.17)(0.79, 1.17)

0.870.87
(0.75, 1.00)(0.75, 1.00)

0.920.92
(0.83, 1.03)(0.83, 1.03)

HRHR
(95% CI)(95% CI)

0.470.47131 (11%)131 (11%)143 (12%)143 (12%)CV mortality,CV mortality,
N (%)N (%)

0.700.70189 (16%)189 (16%)198 (17%)198 (17%)AllAll--cause mortality,cause mortality,
N (%)N (%)

0.060.06344 (30%)344 (30%)393 (34%) 393 (34%) CV mortality or HF CV mortality or HF 
hosp, N (%)hosp, N (%)

0.140.14632 (55%)632 (55%)677 (58%) 677 (58%) CV mortality or CV CV mortality or CV 
hosp, N (%)hosp, N (%)

PP--
valuevalue

Exercise Exercise 
TrainingTraining
N=1159N=1159

Usual Usual 
CareCare

N=1172N=1172



Change in NYHA Class From Baseline to Most Change in NYHA Class From Baseline to Most 
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Guideline Positions on Exercise Training in Guideline Positions on Exercise Training in 
Heart FailureHeart Failure

ACC/AHAACC/AHA
Exercise training is beneficial as an adjunctive Exercise training is beneficial as an adjunctive 
approach to improve clinical status in ambulatory approach to improve clinical status in ambulatory 
patients with current or prior symptoms of HF and patients with current or prior symptoms of HF and 
reduced LVEF (Class I, Level of Evidence B).reduced LVEF (Class I, Level of Evidence B).

ESCESC
Exercise training is recommended, if available, to Exercise training is recommended, if available, to 
all stable chronic HF patients. (Class I, Level of all stable chronic HF patients. (Class I, Level of 
Evidence B).Evidence B).

Dickstein K et al.  Eur Heart J  2008;29:2388-2442.Dickstein K et al.  Eur Heart J  2008;29:2388-2442.

Hunt SA et al.  Circ 2005;112:e154-e235Hunt SA et al.  Circ 2005;112:e154-e235



Comparison of Background Therapy:  Comparison of Background Therapy:  
HFHF--ACTION, ValACTION, Val--HeFTHeFT, and CHARM, and CHARM
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Study OrganizationStudy Organization
NHLBINHLBI DSMBDSMB

Steering 
Committee
Steering 

Committee

Executive 
Committee

Coordinating 
Center

CPX 
Core Lab

CPX 
Core Lab

ECHO 
Core Lab

ECHO 
Core Lab

Adherence 
Core Lab

Adherence 
Core LabExercise 

Training 
Core Lab

Exercise 
Training 
Core LabRegional 

Centers

SiteSite

SiteSite

SiteSite
SiteSite

SiteSite

SiteSite

Whellan DJ, O’Connor CM, Lee KL et al.  Am Heart J 2007;153:201-211.Whellan DJ, O’Connor CM, Lee KL et al.  Am Heart J 2007;153:201-211.



Prior CV ProceduresPrior CV Procedures

26262525CABG, %CABG, %
24242222PTCA/Stent, %PTCA/Stent, %

39394040Hospitalization within 6 Hospitalization within 6 
months, %months, %

Exercise Exercise 
TrainingTraining

N=1159N=1159

Usual CareUsual Care

N=1172N=1172



Comparison of Adherence in HFComparison of Adherence in HF--ACTION and ACTION and 
Other Randomized TrialsOther Randomized Trials

Mean compliance 77.3% (range 26Mean compliance 77.3% (range 26--116%)116%)Percentage of expected Percentage of expected 
bicycle wheel revolutionsbicycle wheel revolutions

Coats AJS et Coats AJS et 
al; Circ 1992al; Circ 1992

Average adherence 110% for aerobic, 87% Average adherence 110% for aerobic, 87% 
for upper body, and 75% for lower bodyfor upper body, and 75% for lower body

Activity logs and telephone Activity logs and telephone 
contactcontact

Oka et al; Oka et al; 
AJC 2000AJC 2000

2929--42% performing exercise training as 42% performing exercise training as 
prescribed after month 3prescribed after month 3

FollowFollow--up phone calls and up phone calls and 
Physical Activity Physical Activity 
QuestionnaireQuestionnaire

HFHF--ACTIONACTION

43% attended >80% of sessions, 16% 43% attended >80% of sessions, 16% 
attended <50% of sessions.  Pts exercised attended <50% of sessions.  Pts exercised 
2.3 2.3 ±± 0.4 sessions/wk during the 10.4 sessions/wk during the 1stst mo mo 
and 1.7 and 1.7 ±± 0.4 sessions/wk by month 12.0.4 sessions/wk by month 12.

PrePre--randomization randomization 
screeningscreening

McKelvieMcKelvie RS RS 
et al; AHJ et al; AHJ 
20022002

Overall mean compliance 74.3 Overall mean compliance 74.3 ±± 37% 37% 
(N=42 in exercise training arm)(N=42 in exercise training arm)

Pedometers (actual Pedometers (actual 
walking time/prescribed walking time/prescribed 
time)time)

CorveraCorvera--
TindelTindel et al; et al; 
AHJ 2004 AHJ 2004 

20/38 (53%) patients found to be adherent20/38 (53%) patients found to be adherentPedometers (Pedometers (10% 10% 
improvement in scores)improvement in scores)

Evangelista Evangelista 
et al; JCF et al; JCF 
2005 2005 

Adherence FindingsAdherence FindingsAdherence MethodologyAdherence MethodologyTrialTrial

Barbour KA and Houston Miller N.  Heart Fail Rev 2008;13:81-89.Barbour KA and Houston Miller N.  Heart Fail Rev 2008;13:81-89.



Executive Committee MembersExecutive Committee Members

Christopher M. OChristopher M. O’’Connor, MD, Principal Investigator, Connor, MD, Principal Investigator, Duke Clinical Duke Clinical 
Research Institute, Durham, NCResearch Institute, Durham, NC; David J. Whellan, MD, Co; David J. Whellan, MD, Co--Principal Principal 
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