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Exercise training meta-analysis of trials in patients with chronic
heart failure (ExTraMATCH)
ExTraMATCH Collaborative

Abstract
Objective To determine the effect of exercise training on
survival in patients with heart failure due to left ventricular
systolic dysfunction.
Design Collaborative meta-analysis.
Inclusion criteria Randomised parallel group controlled trials
of exercise training for at least eight weeks with individual
patient data on survival for at least three months.
Studies reviewed Nine datasets, totalling 801 patients: 395
received exercise training and 406 were controls.
Main outcome measure Death from all causes.
Results During a mean (SD) follow up of 705 (729) days there
were 88 (22%) deaths in the exercise arm and 105 (26%) in the
control arm. Exercise training significantly reduced mortality
(hazard ratio 0.65, 95% confidence interval, 0.46 to 0.92; log
rank �2 = 5.9; P = 0.015). The secondary end point of death or
admission to hospital was also reduced (0.72, 0.56 to 0.93; log
rank �2 = 6.4; P = 0.011). No statistically significant subgroup
specific treatment effect was observed.
Conclusion Meta-analysis of randomised trials to date gives no
evidence that properly supervised medical training
programmes for patients with heart failure might be dangerous,
and indeed there is clear evidence of an overall reduction in
mortality. Further research should focus on optimising exercise
programmes and identifying appropriate patient groups to
target.

Introduction
Exercise training is known to reduce the debilitating symptoms
of chronic heart failure, such as breathlessness and fatigue,
through effects on the cardiovascular and musculoskeletal
systems.1–3 Despite this, it is not widely utilised, perhaps because
data on its effect on survival are limited.4

Randomised controlled trials have focused largely on symp-
tomatic benefits and on surrogate markers of prognosis, includ-
ing neurohormonal balance, variability in heart rate, and peak
oxygen consumption.1 Individual trials have mostly been small.
Meta-analyses of randomised trials can provide more reliable
estimates of treatment effect than individual trials because they
have greater statistical power. When based on data from
individual patients they have several important advantages over
those based solely on published data.5

We report a collaborative meta-analysis, based on individual
patient data, of randomised controlled trials comparing exercise
training with usual care in patients with chronic heart failure due
to left ventricular systolic dysfunction. We aimed to obtain
reliable and precise estimates of overall treatment benefit on

death and on the secondary end point of death or admission to
hospital.

Methods
A collaborative group was established, coordinated from the
Heart Failure Unit of the Imperial College School of Medicine,
London. A prospective protocol was written and agreed by the
collaborative group before data collection, specifying the
methods to be used, the main prespecified analyses, and a
common dataset of collected variables.

We searched Medline for randomised controlled trials since
1990 of exercise training in patients with chronic congestive
heart failure or left ventricular dysfunction. We cross checked
our findings to identify any other published or unpublished trials
by consulting researchers and colleagues in exercise physiology
and heart failure and by scrutinising reference lists from review
articles, and abstracts presented at scientific sessions and
published in Circulation, the Journal of the American College of Car-
diology, and the European Heart Journal. A subsequent search of
the Cochrane Reviews database yielded no additional studies.

Selection and validity assessment
The characteristics of trials to be included were that they should
be randomised parallel group controlled trials and should evalu-
ate exercise training without any other simultaneous interven-
tion that could confound the results, should study patients with
stable heart failure (three months or more of stability) due to left
systolic ventricular dysfunction (left ventricular ejection fraction
less than 50%), should have an exercise programme lasting eight
weeks or more, should utilise training involving at least both legs
(trials of arm or single leg training were excluded), and should
have survival follow up of three months or more.

Data abstraction and study characteristics
Initial screening identified 101 potential reports. Several groups
had reported information from the same trial in more than one
publication or had conducted more than one similar trial.
Individual patients were therefore combined into one dataset for
that centre, yielding 41 non-overlapping datasets: 27 had been
published as peer reviewed original articles, 12 had been
presented in abstract form only, and two had not been published
in either form. Nine met the eligibility criteria.

After formal agreement, all principal investigators were
asked to provide datasets in the form of anonymised individual
patient data for each patient originally randomised. Datasets
included age, sex, blood pressure, ischaemic versus non-
ischaemic causes, functional class according to the New York
Heart Association, left ventricular ejection fraction, exercise peak
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oxygen consumption, dates of randomisation, follow up, death,
and, if available, data on any events that had occurred during
hospital stay. If patients experienced more than one such event,
only the first was recorded. Data on drugs and renal function
were requested, but non-availability of this data was not an exclu-
sion criterion for the meta-analysis.

Datasets from each trial were transferred in electronic format
(email or disk) to the coordinating centre at the Heart Failure
Unit. They were checked for completeness and consistency to
ensure that no errors had occurred in reformatting of the data
and to check for consistency with the original publications. Que-
ries were resolved by communication with the principal
investigators. The number of events in this meta-analysis may
differ slightly from those reported by the trials because follow up
is now more complete. The datasets were then incorporated into
the master database, which was used for analysis. Results of
analyses were discussed at several meetings.

Analysis of potential publication bias
The potential for publication bias was first examined visually by
constructing a funnel plot displaying precision of the estimate of
the effect size (the reciprocal of its standard error) against the
estimate of the effect size (odds ratio, on a logarithmic scale).6 7

Asymmetry was assessed formally by the Egger test.7 Finally, the
association between variance and effect size was analysed by rank
correlation using the Kendall tau method.

Analysis of time to end point
The prespecified event information collected was time to death
(from any cause) and, in those studies that recorded it, time to
first admission to hospital (for any reason). In all cases an inten-
tion to treat approach was used, so events occurring after alloca-
tion of treatment were included regardless of the duration of
participation in an exercise programme. We considered a P value
of less than 0.05 as significant.

The primary end point was time to death. A secondary end
point was death or time to admission to hospital. Time to death
was available for all studies and time to death or admission to
hospital was available for eight of the nine studies. The treatment
arms were combined into one arm as were the placebo arms.
Statistical packages used were SAS Statview 5.0 and R (R Foun-
dation for Statistical Computing, www.r-project.org). The
Kaplan-Meier method was applied to display the time to end
point in the exercise and control arms during two years of follow
up. After testing the Cox proportional hazards assumption, we
calculated the hazard ratio for events in the exercise group com-
pared with the non-exercise group.8 Statistical significance was
tested with the Mantel-Cox log rank method.

Subgroup meta-analysis of dichotomous end points
The effect of exercise was also assessed in prespecified
subgroups—males versus females, New York Heart Association
functional class I-II versus III-IV, ischaemic versus non-ischaemic
causes, age, peak oxygen uptake ( < 15 ml/kg/min v ≥ 15ml/kg/
min), left ventricular ejection fraction ( < 27% v ≥ 27%), and
duration of training programme ( < 28 weeks v at least 28 weeks).
The continuous variables were each dichotomised at their corre-
sponding median values over the whole dataset. For each
subgroup we determined whether the interaction term
(subgroup×treatment arm) was significantly different from zero.

Results
Nine prospective studies met the criteria for the meta-analysis
(fig 1). Of these, eight were conducted in Europe.9–16 The number

of patients ranged from 27 to 181.2 13 The duration of the train-
ing programme ranged from eight weeks in a small trial (50
patients) to a year or more in the largest studies.2 4 9 10 14 Mean
follow up was from 159 to 2284 days (table 1). One dataset had
no date of admission to hospital and therefore could not be
included in the Kaplan-Meier analysis for that variable.15 A total
of 801 patients with evidence of left ventricular dysfunction and
clinical heart failure were randomly assigned to an exercise
training programme (n = 395) or to the control group (n = 406;
table 2).

Analysis of publication bias
We found no evidence of publication bias (fig 2). The intercept of
the regression relation effect between effect size (standard error)
and 1/standard error was not significantly different from zero,
neither for death (intercept = 0.52, P = 0.58) nor for the
combined end point of death or admission to hospital
(intercept = − 0.04, P = 0.97). The Kendall tau correlation
coefficient between log of odds ratio and its standard error
across the nine studies was 0.0 for mortality analysis, 0.25 for
analysis of admission to hospital, and − 0.06 for the combined
end points of death or admission to hospital (P > 0.5 for all). The
funnel plots for each end point showed no significant variation
in the log odds ratio with precision of the estimate.

Effect of training on outcomes

Primary end point of mortality
Overall, there were 88 deaths in the exercise arm (median time to
event, 618 days) and 105 in the control arm (421 days). Mortality
was significantly lower in the exercise group (log rank �2 = 5.9,
P = 0.015). After verification of the Cox proportional hazards
assumption (�2 = 3.1, P > 0.05), the hazard ratio for mortality was
computed to be 0.65 (95% confidence interval 0.46 to 0.92). The
survival curves are shown in figure 3. These results would imply
a number needed to treat of 17 to prevent one death in two years.

Secondary end point of death or admission to hospital
The secondary end point of death or admission to hospital
occurred in 127 patients in the exercise arm and 173 in the con-
trol arm. Data on time to death or admission to hospital was
available for eight datasets. The median time to admission to

Potentially eligible reports identified (n=41)

Excluded reports (n=6):
  Not randomised parallel group evaluations (n=4)
  Not controlled evaluations (n=2)

Trials retrieved for more detailed evaluation (n=35)

Excluded trials (n=14):
  Did not meet minimum exercise training and follow up
    criteria (n=12)
  Did not include patients with stable chronic heart
    failure due to left ventricular systolic dysfunction (n=2)

Potentially eligible trials (n=21)

Included in meta-analysis (n=9)

Excluded trials (n=12):
  Did not acquire complete survival data (n=6)
  Confounding intervention or confounded data (n=5)
  Raw data could not be obtained (n=1)

Fig 1 Selection process for studies included in meta-analysis
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hospital was 426 days in the exercise arm and 371 days in the
control arm. Kaplan-Meier analysis of the secondary end point
confirmed a significant benefit in the exercise arm (log rank
�2 = 6.4, P = 0.011, fig 3). The Cox proportional hazards assump-
tion was verified (�2 = 1.5, P > 0.05), and the hazard ratio for the
combined end point was 0.72 (0.56 to 0.93).

Outcomes stratified by baseline characteristics
Subgroup analyses for mortality and the combined end point of
mortality or admission to hospital are shown in figures 4 and 5,
respectively. In some instances one subgroup (for example, the
one with ejection fraction < 27%) showed a statistically
significant treatment effect whereas the contrary group (for
example, the one with ejection fraction ≥ 27%) did not. In each
subgroup (and for each end point) there was, however, no
significant interaction term between treatment allocation and
subgroup. No evidence was therefore found of a subgroup
specific treatment effect.

Discussion
Our meta-analysis of randomised controlled trials shows that
exercise training significantly improves survival time in patients
with chronic heart failure due to left ventricular systolic dysfunc-
tion. Time to death or admission to hospital was also significantly
extended. Subgroup analysis showed significant interaction

Table 1 Characteristics of studies included in meta-analysis

Study Location
No in groups

(training, control)

Duration of
training

programme (days)
Mean (SD) duration
of follow up (days)

Description of training
programme Intensity of programme

Belardinelli et al, 19994 Italy 50, 49 420 1144 (461) Supervised cycling, 60 minutes
three days a week for eight
weeks, then two days a week

60% peak oxygen consumption

Dubach et al 19979 10 Switzerland 24, 26 56 261 (106) Supervised walking, two hours
daily; supervised cycling 40
minutes four days a week

80% peak oxygen consumption

Giannuzzi et al, 199711 Italy 46, 42 168 206 (35) Supervised cycling, 30 minutes
three days a week for two
months, then home based 30
minutes for three days a week
and walking for 30 minutes

80% peak heart rate

Hambrecht et al, 199512 Germany 34, 35 168 159 (22) Supervised and home based
walking, calisthenics, cycling
40-60 minutes a day

70% peak oxygen consumption

Kiilavuori et al, 200013 Finland 12, 15 182 2284 (1213) Supervised cycling 30 minutes
three days a week for three
months, then home based
training (walking, cycling,
rowing, and swimming)

50-60% peak oxygen
consumption

McKelvie et al, 20022 Canada 90, 91 364 557 (219) Supervised aerobic (cycling,
treadmill, arm) and resistance
training 30 minutes three days
a week for three months, then
home based aerobic training
three days a week

60-70% peak heart rate

Zanelli et al, 199714 Italy 76, 79 364 304 (140) Supervised aerobic (cycling,
treadmill, arm) and resistance
training 30 minutes two days a
week and home based cycling
three days a week for two
months, then only home based
aerobic training five days a
week

70% peak oxygen consumption

Wielenga et al, 199915 Netherlands 41, 39 84 1440 (917) Supervised cycling, walking,
ball game 30 minutes three
days a week for eight weeks,
then two days a week

60% peak heart rate

Willenheimer et al, 199816 Sweden 22, 30 112 1623 (797) Supervised interval cycling
training (90 second exercise
and 30 second rest) for 15-45
minutes two days a week

80% peak oxygen consumption
or grade 15 Borg scale

Total 395, 406 213 (135) 705 (729)

Table 2 Characteristics of patients included in meta-analysis. Values are
numbers (percentages) unless indicated otherwise

Characteristics Training (n=395) Control (n=406)

Male 88.4 87.2

Mean (SD) age (years) 60.5 (9.3) 59.7 (13.2)

Mean (SD) NYHA class 2.6 (0.6) 2.5 (0.6)

Ischaemic heart disease 59.7 58.7

Mean (SD) left ventricular ejection
fraction (%)

27.9 (8.3) 27.0 (8.6)

Mean (SD) peak oxygen uptake
(ml/kg/min)

15.4 (4.0) 15.2 (3.9)

Mean (SD) renal function (laboratory
findings)*:

Serum creatinine (mg/dL) 1.4 (0.4) 1.4 (0.5)

Urea (mg/dL) 61.3 (40) 63.7 (38)

Drugs†:

Angiotensin converting enzyme
inhibitors

73.4 73.2

Anticoagulant 40.0 36.9

Aspirin 30.1 30.8

Amiodarone 10.9 12.8

� adrenergic blockade 12.2 14.5

Digitalis 50.4 47.8

Diuretics 68.9 69.5

Nitrate 40.0 31.0

NYHA=New York Heart Association.
*Renal function known for 146 patients.
†Drugs known for 655 patients.
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between subgroup and treatment effect, and therefore we
conclude that there is no evidence that any of the studied
subgroups would be less likely to benefit from training.

The mechanism on survival remains unknown. Observa-
tional studies in chronic heart failure are essentially unanimous
in confirming a strong relation between exercise capacity and

survival.17 Indeed, observational work in the general healthy
population has shown that exercise capacity, even if assessed
without metabolic measurements, is a more powerful prognostic
indicator than traditional risk factors such as smoking, high
blood pressure, blood cholesterol level, and diabetes.18

One explanation, applicable to patients with ischaemic
causes, is that exercise training improves myocardial perfusion
by alleviating endothelial dysfunction and therefore dilating cor-
onary vessels and by stimulating new vessel formation by way of
intermittent ischaemia.19 20 Ventricular remodelling has been
shown to be attenuated by exercise training.11

Regardless of cause, there are important neurohormonal
and musculoskeletal abnormalities in heart failure. Exercise
training may reduce adrenergic tone and increase vagal tone, as
suggested by an assessment of variability in heart rate.1 In dogs,
exercise training raises the ventricular fibrillation threshold.21

Skeletal muscle dysfunction and wasting may also respond to
exercise training.3

Even when the amount of time spent exercising as part of a
programme is small, supervised and encouraged exercise is likely
to lead to a more active lifestyle, so that the effective “dose” of
exercise may be considerably greater than that directly
prescribed. Arguably, this contrasts with pharmacotherapy.

Study limitations
One trial that met all the validity criteria was not included
because its raw data could not be obtained.22 This was a small trial
(12 cases, 13 controls), and its results were of a net benefit of
exercise training in exercise tolerance and quality of life. It is
unlikely that the principal findings of our meta-analysis would
have been altered if the raw data had been available.

Exercise training can necessarily only be trialled in open
design studies, and it is important to consider the possibility that
there may have been more vigorous prognostic pharmaco-
therapy in one arm than in the other. At baseline there was no
significant difference in treatment pattern between groups. To
assess the plausibility of changes in medical therapy as a cause
for the reduction in mortality, we asked all the investigators
about changes in drugs during the trial. Investigators in six of the
nine trials, covering two thirds of the patients, were able to pro-
vide information. They stated that there was no change in angio-
tensin converting enzyme inhibitor, � blocker, or antialdosterone
therapies during the trial period. As is normal clinical practice,
however, patients were allowed to vary their dosage of loop diu-
retic, but comprehensive data on this are not available.

Since the primary end point was death from any cause
(selected to minimise potential for observer classification bias)
and there was no evidence of differences in prognostically effec-
tive drugs, it seems likely that there is a genuine beneficial effect
and that it arises from the exercise training component of the
active treatment arm.

Contributors: Members of the Exercise Training Meta Analysis of Trials in
Chronic Heart Failure patients (ExTraMATCH) Collaborative are: (a) coor-
dinating committee and writing committee, M F Piepoli, C Davos, D P Fran-
cis, and A J S Coats (Cardiac Medicine, Royal Brompton Hospital, Imperial
College of Science Technology and Medicine, London); (b) principal inves-
tigators, R Belardinelli, A Purcaro (Cardiology Division, Lancisi Institute,
Ancona, Italy); P Dubach, J Myers (Cardiology Department, Kantonsspital,
Chur, Switzerland); P Giannuzzi, P L Temporelli (Fondazione Salvatore
Maugeri, IRCCS, Istituto Scientifico di Veruno, Novara, Italy); R Hambrecht,
A Linke (Herzzentrum, Universität Leipzig, Leipzig, Germany); K
Kiilavuori, H Leinonen (Division of Cardiology, Central Hospital, Helsinki
University, Finland); R S McKelvie, K K Teo (Hamilton Health Sciences,
McMaster University, Hamilton, Ontario, Canada); M Volterrani, A
Giordano (Fondazione Salvatore Maugeri, IRCCS, Centro Medico di Gus-
sago, Brescia, Italy); R P Wielenga, M R P Baselier (Amphia Hospital, Breda,
Netherlands); R Willenheimer, E Rydberg (Department of Cardiology, Uni-
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Sex

Male

Female

Age

>60 years

<60 years

Functional class

NYHA I-II

NYHA III-IV

Cause

Ischaemic

Non-ischaemic

Left ventricular ejection fraction

>27%

<27%

Peak oxygen consumption

>15 ml/kg/min

<15 ml/kg/min

Duration of training

>28 weeks

<28 weeks

Total

79/349

9/46

52/202

36/193

45/206

43/189

54/256

34/139

38/193

50/202

36/177

52/218

41/216

47/179

88/395

Training

No of
events

No at
risk/

95/354

10/52

65/205

40/201

43/206

62/200

75/253

30/153

36/187

69/219

32/173

73/233

60/219

45/187

105/406

Control

No of
events

No at
risk Death/

0.60 (0.41 to 0.87)

1.17 (0.41 to 3.34)

0.64 (0.41 to 0.99)

0.65 (0.36 to 1.18)

0.69 (0.40 to 1.20)

0.63 (0.40 to 0.99)

0.54 (0.35 to 0.83)

0.93 (0.52 to 1.68)

0.83 (0.45 to 1.50)

0.59 (0.38 to 0.92)

0.74 (0.39 to 1.40)

0.63 (0.42 to 0.96)

0.64 (0.41 to 0.99)

0.66 (0.37 to 1.19)

0.65 (0.46 to 0.92)

Hazard ratio
(95% CI)

P value

0.25 0.5 2 4

Exercise
better

Exercise
worse

1

0.01

0.77

0.05

0.16

0.19

0.05

0.01

0.81

0.53

0.02

0.35

0.03

0.04

0.17

0.015

0.27

0.74

0.84

0.10

0.30

0.43

0.53

Effect Interaction

7.30

0.09

3.97

2.02

1.75

4.03

7.78

0.06

0.40

5.54

0.86

4.59

4.08

1.88

5.92

χ2

Fig 4 Effect of exercise training on death
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Sex

Male

Female

Age

>60 years

<60 years

Functional class

NYHA I-II

NYHA III-IV

Cause

Ischaemic

Non-ischaemic

Left ventricular ejection fraction

>27%

<27%

Peak oxygen consumption

>15 ml/kg/min

<15 ml/kg/min

Duration of training

>28 weeks

<28 weeks

Total

113/349

14/46

76/202

51/193

59/206

68/189

75/256

52/139

53/193

74/202

48/177

79/218

72/216

55/179

127/395

Training

No of
events

No at
risk/

152/354

21/52

98/205

75/201

65/206

108/200

117/253

56/153

63/187

110/219

53/173

120/233

107/219

66/187

173/406

Control

No of
events

No at
risk

Death or
admission
to hospital/

0.73 (0.57 to 0.95)

0.65 (0.28 to 1.48)

0.75 (0.54 to 1.02)

0.73 (0.50 to 1.06)

0.89 (0.61 to 1.29)

0.65 (0.47 to 0.90)

0.64 (0.47 to 0.87)

0.99 (0.66 to 1.47)

0.82 (0.55 to 1.21)

0.71 (0.52 to 0.97)

0.85 (0.56 to 1.30)

0.70 (0.52 to 0.95)

0.62 (0.45 to 0.86)

0.93 (0.65 to 1.35)

0.72 (0.56 to 0.93)

Hazard ratio
(95% CI)

P value

0.25 0.5 2 4

Exercise
better

Exercise
worse

1

0.02

0.63

0.07

1.01

0.53

0.01

0.00

0.94

0.32

0.03

0.46

0.02

0.00

0.71

0.011

0.73

0.28

0.55

0.15

0.96

0.66

0.37

Effect Interaction

5.63

0.23

3.34

2.69

0.39

6.80

8.01

0.01

0.99

4.75

0.54

5.28

8.39

0.13

6.44

χ2

Fig 5 Effect of exercise training on death or admission to hospital
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What is already known on this topic

Exercise training reduces the debilitating symptoms of
chronic heart failure through effects on the cardiovascular
and musculoskeletal systems

Exercise training is not widely used because data on its
effect on survival are not compelling

What this study adds

Mortality and admission to hospital are significantly
reduced after exercise training in patients with chronic
heart failure due to left ventricular systolic dysfunction

This benefit was not restricted to any particular subgroup of
patients
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