SPECIAL ARTICLE

Exercise-Based Rehabilitation for Patients with
Coronary Heart Disease: Systematic Review and
Meta-analysis of Randomized Controlled Trials

Rod S. Taylor, MSc, PhD, Allan Brown, MBA, MA, Shah Ebrahim, DM, MSc, Judith Jolliffe, MSc,
Hussein Noorani, MSc, Karen Rees, MSc, PhD, Becky Skidmore, MLS, James A. Stone, PhD,
David R. Thompson, PhD, Neil Oldridge, PhD

PURPOSE: To review the effectiveness of exercise-based car-
diac rehabilitation in patients with coronary heart disease.
METHODS: A systematic review and meta-analysis of ran-
domized controlled trials was undertaken. Databases such as
MEDLINE, EMBASE, and the Cochrane Library were searched
up to March 2003. Trials with 6 or more months of follow-up
were included if they assessed the effects of exercise training
alone or in combination with psychological or educational in-
terventions.

RESULTS: We included 48 trials with a total of 8940 patients.
Compared with usual care, cardiac rehabilitation was associated
with reduced all-cause mortality (odds ratio [OR] = 0.80; 95%
confidence interval [CI]: 0.68 to 0.93) and cardiac mortality
(OR = 0.74; 95% CI: 0.61 to 0.96); greater reductions in total
cholesterol level (weighted mean difference, —0.37 mmol/L
[-14.3 mg/dL]; 95% CI: —0.63 to —0.11 mmol/L [-24.3 to —4.2
mg/dL]), triglyceride level (weighted mean difference, —0.23

mmol/L [-20.4 mg/dL]; 95% CI: —0.39 to —0.07 mmol/L [-34.5
to —6.2 mg/dL]), and systolic blood pressure (weighted mean
difference, —3.2 mm Hg; 95% CI: 5.4 to —0.9 mm Hg); and
lower rates of self-reported smoking (OR = 0.64; 95% CI: 0.50
to 0.83). There were no significant differences in the rates of
nonfatal myocardial infarction and revascularization, and
changes in high- and low-density lipoprotein cholesterol levels
and diastolic pressure. Health-related quality of life improved
to similar levels with cardiac rehabilitation and usual care. The
effect of cardiac rehabilitation on total mortality was indepen-
dent of coronary heart disease diagnosis, type of cardiac reha-
bilitation, dose of exercise intervention, length of follow-up,
trial quality, and trial publication date.

CONCLUSION: This review confirms the benefits of exercise-
based cardiac rehabilitation within the context of today’s car-
diovascular service provision. Am J Med. 2004;116:682—692.
©2004 by Excerpta Medica Inc.

ardiac rehabilitation has been defined as the “co-
ordinated sum of interventions required to en-
sure the best physical, psychological and social
conditions so that patients with chronic or post-acute
cardiovascular disease may, by their own efforts, preserve
or resume optimal functioning in society and, through
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improved health behaviours, slow or reverse progression
of disease” (1). It is a complex intervention that may in-
volve a variety of therapies, including risk factor educa-
tion, psychological input, and drug therapy. Nonetheless,
international clinical guidelines consistently identify ex-
ercise therapy as a central element of cardiac rehabilita-
tion (1-4). Four previous meta-analyses of the effects of
exercise-based interventions in patients with coronary
heart disease reported a statistically significant benefit in
patients receiving exercise therapy compared with usual
medical care, with a reduction in total and cardiac mor-
tality ranging from 20% to 32% (5-8).

Still, there are concerns about the applicability of these
results with regard to policy formation on the current
provision and planning of cardiac rehabilitation services.
Randomized controlled trials have generally been small
and often of questionable methodological quality, raising
concerns that the true benefit of exercise rehabilitation
may be overestimated (9,10). Early trials enrolled almost
exclusively low-risk, middle-aged men after myocardial
infarction. The exclusion or underrepresentation of
women, elderly people, and other cardiac groups (e.g.,
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postrevascularization and angina pectoris) not only lim-
its the applicability of the evidence to contemporary car-
diovascular practice but also fails to consider those who
may benefit most from rehabilitation (8). Moreover, pre-
vious meta-analyses have not reported outcomes of sec-
ondary prevention, which, through risk factor modifica-
tion and enhancement of patient’s health-related quality
of life, is important in cardiac rehabilitation. Finally, the
widespread introduction of a variety of drug therapies as
part of the routine management of the cardiac patient—
therapies that were not available at the time of the earliest
trials (11)—may offset the magnitude of benefit associ-
ated with rehabilitation.

Thus, the aims of this study were to update the system-
atic review of the effects of exercise-based cardiac reha-
bilitation in patients with coronary heart disease, and to
address previous concerns regarding the applicability of
this evidence to routine clinical practice.

METHODS

Literature Search
Randomized controlled trials were identified from previ-
ously published systematic reviews and meta-analyses
(5-8). This list of studies was updated by searching a
number of clinical databases, including MEDLINE,
EMBASE, CINAHL, and SciSearch, up to March 2003.
The Cochrane Library was also searched. The search
strategy was developed to maximize sensitivity of article
identification and was not restricted by language. It used
both controlled vocabulary (e.g., Medical Subject Head-
ings [MeSH]) and key words (‘coronary heart disease and
[synonym]” and ‘rehabilitation or exercise or [synonym]’).
Grey literature was obtained by searching specialized
rehabilitation databases, such as those of the National
Rehabilitation Information Center and PEDro, as well as
the websites of health technology assessment and related
agencies and their associated databases. Citation lists of
relevant papers were checked. Clinical trial registries, in-
cluding the National Research Register and the metaReg-
ister of Controlled Trials, were also searched for informa-
tion on current or recently completed trials. The search
engine Google was used to search for a variety of materials
on the Internet. Further information was sought by
hand-searching the bibliographies of selected papers and
through contacts with appropriate experts and agencies.

Study Selection and Data Abstraction

Two reviewers independently scanned all the titles and
abstracts and identified potentially relevant articles to be
retrieved. Where there was uncertainty, full-text copies of
papers were obtained. Studies were considered eligible if
they were randomized controlled trials with follow-up of
6 months or more; included patients with coronary heart
disease who had a myocardial infarction, coronary artery

bypass graft, percutaneous coronary intervention), or an-
gina pectoris or coronary heart disease defined by angiog-
raphy; involved any form of supervised or unsupervised
structured exercise program undertaken in an inpatient-,
outpatient-, community- or home-based setting (exer-
cise training alone [exercise-only cardiac rehabilitation]
or in combination with psychosocial or educational in-
terventions [comprehensive cardiac rehabilitation] was
considered); and comprised a usual care group that did
not receive any form of structured exercise training or
advice but that could include standard medical care such
as drug therapy.

Outcomes included the following: all-cause and car-
diac mortality, nonfatal myocardial infarction, revascu-
larization, modifiable cardiac risk factors (blood lipid lev-
els, blood pressure, smoking), and health-related quality
of life (assessed by recognized and validated measures).

Two reviewers independently selected trials to be in-
cluded: disagreements were resolved by consensus. Two
reviewers independently extracted the data once the trials
were formally included in the review using a standardized
form. Where multiple time points were reported, the lat-
est follow-up point was extracted.

Quality Assessment

The quality of trials, as reported in the source papers, was
assessed independently in terms of the method of ran-
domization, adequacy of allocation concealment, blind-
ing of outcome assessment, and proportion of patients
lost to follow-up. Quality was scored overall using the
Jadad scale (12).

Statistical Analysis

Binary outcomes for each trial are expressed as odds ra-
tios and 95% confidence intervals. Continuous variables
are expressed as the mean (= SD) change from baseline to
follow-up. Weighted mean differences and 95% confi-
dence intervals were calculated for each continuous vari-
ablein each trial (13). If the standard deviation for change
was not reported in the source papers, allowance was
made for within-patient correlation from baseline to fol-
low-up measurements by using the correlation coefficient
between the two (http://www.epi.bris.ac.uk/cochrane/
heart.htm) (14). Data from each trial were pooled as appro-
priate using a fixed-effects model, except where substantial
heterogeneity existed according to the chi-squared statistic,
and a random-effects model was used (15).

Using stratified meta-analyses, we tested six a priori
hypotheses that there may be differences in the effect of
cardiac rehabilitation on total mortality across particular
subgroups: coronary heart disease case mix (myocardial
infarction—only trials vs. other trials); type of cardiac re-
habilitation (exercise-based cardiac rehabilitation vs.
comprehensive cardiac rehabilitation); ‘dose’ of exercise
intervention ([dose = duration in weeks * number of
sessions * number of sessions per week — dose of 1000
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units] vs. dose >1000 units); follow-up period (=12
months vs. >12 months); trial quality (Jadad score =3 vs.
>3); and year of publication (before 1995 vs. 1995 or
later). Additionally, these prespecified characteristics
were examined by univariate and multivariate regression
models (meta-regression); exercise dose, year of publica-
tion, follow-up period, and trial quality were modeled as
binary and continuous variables. All analyses were per-
formed using either Stata, version 6 (Stata Corp., College
Station, Texas) or RevMan, version 4.2 (Wintertree Soft-
ware Inc., Oxford, United Kingdom) software. The fun-
nel plot and the Egger test were used to examine publica-
tion bias (16).

RESULTS

Over 5000 titles were retrieved from the various search
sources and 425 full papers were identified for possible
inclusion. Studies were excluded for a variety of reasons:
nonrandomized design (18%), inappropriate patient
group(s) (9%), inappropriate intervention (22%), the
control group received an exercise intervention (14%),
inappropriate outcome(s) (21%), inadequate follow-up
(14%), and preliminary results available only in abstract
form (2%) (17,18). One trial published after the search
cutoff date was included as the unpublished trial manu-
script was previously made available to us by the study
authors (19). After identification of duplicate publica-
tions, 48 eligible studies remained, which provided infor-
mation on a total of 8940 patients with coronary heart
disease (Table) (19-66).

Study Characteristics and Quality

Nineteen trials were judged to be exercise-only trials and
30 were judged to be comprehensive cardiac rehabilita-
tion trials (Table); one trial randomly assigned patients to
both exercise-only cardiac rehabilitation and compre-
hensive cardiac rehabilitation (56). The majority of trials
(30 studies, 63%) were undertaken in Europe, either as
single or multicenter studies. Trial sample sizes varied
widely from 37 to 1479 patients (median, 112 patients),
with a median intervention duration of 3 months (range,
0.25 to 30 months) and a follow-up of 15 months (range,
6 to 72 months).

Patients with myocardial infarction alone were re-
cruited in 32 trials (67%); the remaining trials recruited
either exclusively postrevascularization patients (i.e., cor-
onary artery bypass graft and percutaneous coronary in-
tervention) or both groups of patients. The ages of pa-
tients in the trials ranged from 48 to 71 years. Although
over half of the trials (27 studies, 54%) included women,
on average women accounted for only 20% of the pa-
tients recruited.

Across the 29 studies that reported exercise details, pa-
tients undertook an average of 3.7 sessions of 53 minutes
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Table. Selected Characteristics of the 48 Trials

Number (%)

or Median*
Characteristic (Range)
Exercise-only trials 19 (39)"

Sample size 112 (37-1479)

Publication date

1970-1979 2 (4)
1980-1989 17 (35.5)
1990-1999 21 (44)
2000-2003 8 (6.5)
Study location
Europe 30 (63)
North America 13 (27)
Asia/Australia 5(10)
Sex
Men only 21 (44)
Women only 1(2)
Both 26 (52)
Unspecified 1(2)
Age (years) 55 (48-71)
Diagnosis
Post-myocardial infarction only 32 (67)
Revascularization only 8 (6.5)
Both 8 (6.5)

* Median of study means:
¥ Forty-nine trials, of which one trial included both exercise-only reha-
bilitation and comprehensive cardiac rehabilitation arms.

per week at an intensity of 76% maximum oxygen uptake
(or maximal heart rate). Across the comprehensive car-
diac rehabilitation trials, the majority included some
combination of risk factor education or modification and
psychological intervention.

Trial quality was poorly reported. Only 16 studies
(33%) provided details of randomization with adequate
details of concealment in only five studies (10%); blinding of
outcome assessment was reported in eight studies (17%)
and follow-up of 80% or more was achieved in 33 studies
(69%). The median Jadad score was 2 (range, 1 to 5).

Outcome Results

Clinical events. Cardiac rehabilitation was associated
with a significant reduction in all-cause mortality (odds
ratio [OR] = 0.80; 95% confidence interval [CI]: 0.68 to
0.93) and total cardiac mortality (OR = 0.74; 95% CI:
0.61 to 0.96) (Figure 1). There was no significant differ-
ence in the rates of nonfatal myocardial infarction (OR =
0.79; 95% CI: 0.59 to 1.09), coronary artery bypass graft-
ing (OR = 0.87; 95% CI: 0.65 to 1.06), or percutaneous
coronary intervention (OR = 0.81; 95% CI: 0.49 to 1.34)
with cardiac rehabilitation (Figure 2).

Modifiable risk factors. Cardiac rehabilitation was asso-
ciated with a significant reduction in total cholesterol
(weighted mean difference, —0.37 mmol/L [-14.3 mg/dL];
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Treatment Control OR OR

Study nM nM (95%CI Fixed) (95%CI Fixed)

01 Total mortality
Anderson 81 4 /46 3142 —_— 1.24[0.26,5.89]
Barr Taylor 91 1314293 10 1292 . 1.31[0.56,3.04]
Bell 99 8/102 87102 —_— 1.00[0.36,2.78]
Bengtsson 83 10481 61480 — 1.74[0.60,5.03]
Bertie 92 Q/57 3/53 0.13[0.01,2.49]
Bethell 90 164113 1271186 —f-— 1.43[0.64,3.18]
Carlsson 97 21118 2517 _— 0.99[0.14,7.16]
Carson 82 1274151 217152 —- 0.54[0.25,1.14]
Enghklom 85 127118 13 /108 —r 0.83[0.36,1.90]
Erdman 86 4540 0/40 9.99[0.52,191 .92]
Fletcher 94 3744 4147 —_—1 0.79[017,3.73]
Fridiund 91 1486 3/41 _ . 0.15[0.02,1.48]
Heller 93 6/213 31237 B e T 2.26[0.56,9.15)
Holmback 94 1734 1135 1.03[0.06,17.16]
Kallio 79 417188 561177 — 0.60[0.38,0.96]
Kentala 72 51152 8/146 —_— 0.59[0.19,1.84]
Lisspers 99 0/46 1441 0.29[0.01,7.33]

% Manchanda 00 or21 or21 Mot Estimable
Miller 84 0/127 47148 0.13[0.01,2.36]
NEDHP 81 151322 24 /332 —- 0.63[0.32,1.22]
Oldridge 91 3/899 4/102 —_— 0.77[0.17,3.51]
QOrnish 90 2153 1140 - 1.53[0.13,17.48]
PRECOR 91 0760 4 161 0.11[0.01,2.01)
SCRIP 94 31145 37155 B e — 1.07[0.21,5.39]
Schuler 92 S/43 8153 ——— 0.74[0.22,2.45]
Sivarajan 52 3188 2184 —_— 1.45[0.24,8.88]
Sivarajan 82ii 3 /86 1784 _—— 3.00[0.31,29.44]
Speccia 96 55125 121131 —_— 0.41[0.14.1.21]
Stern 83 0s42 1129 0.22[0.01,5.68]
Vecchio 81 0rs25 2125 0.18[0.01,4.04]
Vermuelen 83 2147 5124 —_— 0.17[0.03,0.95]
WHO 83 116 / 868 117 /811 - 0.91[0.69,1.21]
Wilhelmson 75 281158 357157 —-— 0.75[0.43 1 .31]
Yu 03 34103 4153 — 0.37[0.081.71]

Subtatal(95%:Cl) 326 /4295 381 r 4137 + 0.80[0.68,0.93]

Test for heterogeneity chi-square=31.53 df=32 p=0.49
Test for overall effect z=-2.83 p=0.005

02 Cardiac mortality

Anderson 81 4746 3142 —_— 1.24[0.26,5.89]
x Belardinelli 01 0/59 0+59 Not Estimable
Bethell 90 137113 127116 — 1.13[0.49,2.59]
Carson 82 12 1151 21 71152 R 0.54[0.251 14]
Kallio 79 3571188 557187 —-— 0.55[0.34,0.89]
Kentala 72 S/152 75146 —_— 0.68[0.21,2.18]
% Manchanda 00 0721 ors21 Not Estimable
Miller 54 05127 475144 0.12[0.01,2.30]
NEDHP 81 141323 207328 — - 0.70[0.35,1.41]
Crnish 90 2153 1440 e O 1.53[0.13,17.48]
SCRIP 94 117145 0/s155 3.23[0.13,79.89]
Schuler 92 5756 2157 -t 2.70[0.50,14.52]
Sivarajan 82 3186 17/84 B e — 3.00[0.31,29.44]
Sivarajan 82ii 3/88 1184 —_ 2.93[0.30,28.74)
Speccia 96 57125 134131 — 0.38[0.13,1.09]
Vermuelen 83 2147 551 —— L 0.41[0.08,2.22]
YWHO 1983 84 /768 89 /711 - 0.86[0.62,1.18]
Wilhelmson 75 237158 3374157 —n 0.64[0.36,1.15]
Subtotal(95%Cl) 211 £2706 267 /2665 * 0.74[0.61,0.90]
Test for heterogeneity chi-square=14.39 df=15 p=0.5
Test for overall effect z=-3.05 p=0.002
o1 1 1 10 100
Fawvours treatment Favours control

Figure 1. Pooled odds ratios (OR) and 95% confidence intervals (CI) for total and cardiac mortality in patients randomly assigned
to exercise-based cardiac rehabilitation versus usual care.

May 15,2004 THE AMERICAN JOURNAL OF MEDICINE®  Volume 116 685



Exercise-Based Rehabilitation for Patients with Coronary Heart Disease/Taylor et al

Treatment Control OR OR

Study n/H n/H (95%CI Random) (95%CI Random)

01 Ml
Anderson 81 3746 5741 —_— 0.41[0.08,1.75]
Arthur 00 14123 275123 —_— 0.50[0.04 5.54]
Belardinelli 01 1159 3759 _—- 0.32[0.03,3.19]
Bethell S0 97113 14 /116 — 0.63[0.26,1.52]
Carson 82 11 7151 107152 —_— 1.12[0.462.71]
Dugmore 99 5762 20 /62 —— 0.18[0.06,0.53]
Engblom 92 87119 16 £109 B 0.42[017,1.02]
Erdman 86 2140 1440 I 2.05[0.18,23.59]
Holmback S4 2/34 0r35 S5 .46[0.25,118.06]
Kallio 79 36 /188 211187 —-— 1.87[1.05,3.35]
Kentala 72 51152 411486 _— 1.21[0.32,4.59]
Ornish 90 2153 4 540 0.35[0.06,2.03]
PRECOR 91 4160 6 /61 0.65[0.18,2.45]
SCRIP 94 47145 0r155 9.89[0.53,185.35]
Schuler 92 3156 4757 0.75[0.16,3.51]
Stern 83 1142 1729 0.68[0.04,11.38]
“ermuelen 83 4747 9451 0.43[012,1.52]
WWHO 83 77 1768 B5 r 711 —— 111[0.78,1.57]
Wilhelmson 75 257158 28 1157 —-f 0.87[0.48,1 .56]

Subtotal(95%Cl) 203 /2416 214 /2331 - 0.79[0.57 1.09]

Test for heterogeneity chi-square=29.17 di=18 p=0.046

Test for overall effect z=-1 43 p=0.15

02 CABG
Arthur 2000 21123 14123 _— - 2.02[0.18,22.53]
Belardinelli 01 2159 5/59 —_— 0.38[0.07,2.04]
Bertie 92 1157 ars53 2.84[0.11,71.27]
Enghklom 92 17119 14108 0.92[0.06,14.81]
Fridiund 91 16 /87 18791 — 0.91[0.43,1.93]
Heller 93 28/213 351237 R 0.91[0.53,1.55]
Holmback 94 0/34 1435 0.33[0.01,8.47]
Lisspers 99 5746 5/41 e 0.71[0.20,2.53]
Manchanda 00 os21 6721 e} 0.06[0.00,1.06]
Miller 84 9/127 g 1158 - 1.43[0.54,3.82]
Ornish 890 2753 5740 ————m 0.27[0.05,1.50]
PRECOR 91 2160 1761 _—t 2.07[0.18,23.44]
SCRIP 94 37145 07155 7 64[0.39,149.18]
Schuler 92 G /56 9 /47 —_— 0.51[017 1.55]
Sivarajan 82 488 8/82 —_— 0.44[0.13,1.52]
Sivarajan 82ii 7 186 8 r84 —_— 0.84[0.29,2.43]
Speccia 96 11 5125 7131 —— 1.71[0.64 4 .56]
Stern 83 1742 0r29 2.13[0.08,54.20]
“ecchio 81 0rs25 1125 0.32[0.01,8.25]

Subtotal(85%Cl) 101 F 1566 120 51581 e 0.87[0.65,1.16]

Test for heterogeneity chi-square=1561 df=18 p=0.62

Test for overall effect z=-0.96 p=0.3

03 PTCA,
Belardinelli 01 47549 11 758 —_— 0.39[0.12,1.31]
Engblom 92 8/119 54109 —t - 1.50[0.48,4.73]
Fridiund 91 5187 4/91 —_—t 1.33[0.34,5.11]
Heller 93 117213 16 1237 — 0.75[0.34 1 .66]
Krachler 97 3127 127429 P — 0.18[0.04,0.72]
Lisspers 99 10/ 46 74 —_— 1.35[0.46,3.95]
Manchanda 00 1121 2721 —_— 0.48[0.04,5.68]
Ornish 90 8753 14 /41 —_— 0.34[0.13,0.92]
SCRIP 94 9/145 371155 1 - 3.35(0.89,12.64]
Schuler 92 6/56 4 /57 —_—— 1.59[0.42,5.97]
Speccia 96 17125 2013 —_—a ] 0.52[0.05,5.81]

Subtotal(85%Cl) 66 / 941 80 /971 - 0.81[0.49,1.34]

Test for heterogeneity chi-square=17.00 df=10 p=0.074

Test for overall effect z=-0.82 p=0.4

01 R 10 100

Favours treatment Favours control

Figure 2. Pooled odds ratios (OR) and 95% confidence intervals (CI) for recurrent myocardial infarction (MI), percutaneous
coronary angioplasty (PTCA), and coronary artery bypass grafting (CABG) in patients assigned randomly to exercise-based cardiac
rehabilitation versus usual care.

686 May 15,2004 THE AMERICAN JOURNAL OF MEDICINE®  Volume 116



Exercise-Based Rehabilitation for Patients with Coronary Heart Disease/Taylor et al

Treatment Control WMD WMD

Study n mean(sd) n mean(sd) (85%CI Random) (95%CI Random)

01 Total cholesterol
Argen 89 18 0.00(¢0.80) 19 0.00(0.98) —4 0.00[-0.58,0.58]
Ballartyne 82 19 -0.18(1.13) 23 0.05¢1 .63) —_—f -0.23[-1.07 ,0.61]
Belardinelli 01 59 0.59(0.74) 59 0.77(0.99) —a] -0.18[-0.50,0.14]
Carlsson 97 75 -0.78(0.97) 687 0.11(0.79) a -0.90[-1.18,-0.61]
Engblom 92 aa -0.81(1.72) 82 0.11¢0.79) —— -1.02[-1.40,-0.64]
Fletcher 94 41 -0.18(1.34) a7 0.41¢1 .30) — -0.59[-1.14,-0.04]
Kallio 79 181 0.50(1.81) 182 1.40(2.13) —— -0.90([-1.31 ,-0.489]
Kentala 72 B9 0.70(2.05) 73 0.77(1.74) —_— -0.07[-0.70,0.56]
Manchanda 00 21 -1.37(0.94) 21 -0.02(0.45) —-— -1.35[-1.80,-0.90]
Ornish S0 20 -0.96(1.60) 15 -0.80(1.20) ———r -0.16[-1.08,0.77]
SCRIP 94 118 -0.98(0.83) 127 -0.09(0.63) - -0.90[-1.08,-0.71]
Schuler 92 40 -0.39(1.03) 50 -0.25(0.85) —al -0.14[-0.54,0.26]
Stahle 00 50 -0.10(0.90) 51 -0.30(0.90) o 0.20[-0.15,0.55]
Toobert 99 14 -0.23(0.82) 11 -0.54(¢1.37) —da 0.31[-0.61,1.23]
Vermuelen 83 a5 -0.43(0.75) 46 -0.05(0.87) - -0.38(-0.71,-0.05]
Worsornu 96 27 0.00¢0.94) 26 -0.30(0.95) J 0.30[-0.21,0.81]
Yu 03 72 -0.30(0.72) 40 -0.50(0.72) to— 0.20[-0.08,0.48]

Subtotal(85%CI) 967 938 - -0.37[-0.63,-0.11]

Test for heterogeneity chi-square=115.32 df=16 p«<0.00001
Test for overall effect z=2.80 p=0.005

02 LDL cholesterol

Argen 89 18 0.00¢0.62) 19 0.00(0.80) —q 0.00[-0.46,0.46]
Ballantyne 82 19 -0.34(1.26) 23 0.05(1.29) — -0.39[-1.16,0.38]
Belardinelli 01 s9 0.43(0.96) 59 0.26(0.91) - 0.17[-0.17,0.51]
Carlsson 97 75 -0.96(0.83) 14 -0.01(0.75) - -0.95[-1.21,-0.69]
Engblom 92 85 -0.90(¢1 .57) &8 -0.75(1 .57) —al -0.15[-0.65,0.35]
Manchanda 00 21 -0.98(0.85) 21 0.08(0.43) —— -1.06[-1.47 ,-0.65]
Ornish 90 20 -0.73(1.60) 15 -0.83¢1.08) _— 0.10[-0.79,0.99]
SCRIP 94 118 -0.95(0.81) 127 -0.16(0.59) - -0.79[-0.97 ,-0.61]
Schuler 92 40 -0.24(0.80) 50 0.03(0.63) —] -0.27[-0.57,0.03]
Stahle 00 s0 -0.10(0.76) 51 -0.40(0.81) - 0.30[-0.01,0.61]
Toobert 99 14 -0.49(0.57) 11 -0.18(0.98) —at -0.31[-0.95,0.34]
worsornu 96 27 -0.10(0.79) 27 -0.40(0.79) ta 0.30[-0.12,0.72]
Yu 03 72 0.00(0.57) 40 -0.50(0.88) —-— 0.50[0.16,0.84]
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Figure 3. Pooled change in blood lipid levels (in mmol/L) at follow-up in patients assigned randomly to exercise-based cardiac
rehabilitation versus usual care. To convert to mg/dL, for cholesterol (total, HDL, and LDL) multiply by 38.6; for triglycerides,
multiply by 88.5. CI = confidence interval; HDL = high-density lipoprotein; LDL = low-density lipoprotein; WMD = weighted

mean difference.

95% CI: —0.63 to —0.11 mmol/L [-23.4 to —4.2 mg/dL])
and triglyceride (—0.23 mmol/L [-20.4 mg/dL]; 95% CI:
—0.39 to —0.07 mmol/L [-34.5 to —6.2 mg/dL]) levels
(Figure 3). There was no significant difference in low-
density (—0.20 mmol/L [-7.7 mg/dL]; —0.53 to 0.12

mmol/L [-20.4 to 4.6 mg/dL]) and high-density (-0.05
mmol/L [-1.9 mg/dL]; 95% CI: —0.03 to 0.14 mmol/L
[-1.1 to 5.4 mg/dL]) lipoprotein cholesterol levels.
Systolic blood pressure was reduced significantly with
cardiac rehabilitation (weighted mean difference, —3.2
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Treatment Control WMD WMD
Study n mean(sd) n mean(sd) (95%CI Fized) (95%Cl Fixed)
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Heldal 00 19 -2.00014.30) 18 -4.00011.30) - 2.00[-6.28,10.28)
Kentala 72 74 30003010) 74 200(3260) — 1.00[-9.11,11.11]
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Test for overall effect z=2.79 p=0.005
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Toohert 99 14 -6.00(11.40) 11 -5.00(10.50) —q- -1.00[-961,7 61]
Suktotal(95%Cl) 237 245 [ -1.18[-266,0.32)
Test for heterogeneity chi-square=2.09 df=4 p=072
Test for overall effect z=1.55 p=012
a0 4 0 50 100
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Figure 4. Pooled change in blood pressure (in mm Hg) at follow-up in patients assigned randomly to exercise-based cardiac
rehabilitation versus usual care. CI = confidence interval; WMD = weighted mean difference.

mm Hg; 95% CI: —5.4 to —0.9 mm Hg), but there was no
difference in diastolic blood pressure (—1.2 mm Hg; 95%
Cl: -2.7 to 0.3 mm Hg) (Figure 4).

At follow-up, the proportion of patients who reported
smoking was reduced significantly with cardiac rehabili-
tation (OR = 0.64; 95% CI: 0.50 to 0.83) (Figure 5).

Health-related quality of life. Twelve trials assessed
health-related quality of life using a range of outcome
measures (19,24, 32,33,35,39,46,49,54,56,58,60), but,
given the variation in outcome measures and methods of
reporting results, a meta-analysis was not undertaken.
Although all trials demonstrated an improvement in
quality of life with cardiac rehabilitation, an improve-
ment was also reported consistently in control patients.
Only in two trials did the magnitude of improvement in
quality of life with cardiac rehabilitation appear to exceed
that of controls (32,56).

Subgroup Analyses

Stratified meta-analyses showed that the total mortality
effect of cardiac rehabilitation varied within the sub-
groups: myocardial infarction—only trials (24 trials; OR
= 0.81; 95% CI: 0.70 to 0.93) versus other trials (eight
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trials; OR = 0.92; 95% CI: 0.57 to 1.51); exercise-only
cardiac rehabilitation (12 trials; OR = 0.76; 95% CI: 0.59
to 0.98) versus comprehensive rehabilitation (20 trials;
OR = 0.84; 95% CI: 0.72 to 0.99); exercise intervention
dose =1000 units (six trials; OR = 0.81; 95% CI: 0.50 to
1.32) versus <1000 units (eight trials; OR = 0.75; 95%
CI: 0.55 to 1.02); follow-up period =12 months (12 trials;
OR = 0.91;95% CI: 0.61 to 1.35) versus >12 months (12
trials; OR = 0.80; 95% CI: 0.69 to 0.92); Jadad score =3
(12 trials; OR = 0.81; 95% CI: 0.61 to 1.35) versus >3
(four trials; OR = 0.93; 95% CI: 0.43 to 2.03); and pub-
lication before 1995 (26 trials; OR = 0.84; 95% CI: 0.73 to
0.97) versus 1995 or later (six trials; OR = 0.62; 95% CI:
0.38 to 1.04). The overlap in 95% confidence intervals of
each within-stratum comparison suggests that none of
these subgroup differences were statistically significant.
These findings were confirmed by both univariate and
multivariate meta-regression analyses.

Publication Bias
There was no significant publication bias as evidenced by
either funnel plot asymmetry or Egger test (P = 0.32).
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Figure 5. Pooled odds ratios (OR) and 95% confidence intervals (CI) for smoking at follow-up in patients assigned randomly to

exercise-based cardiac rehabilitation versus usual care.

DISCUSSION

This systematic review confirms the findings of previous
meta-analyses that exercise-based cardiac rehabilitation
reduces both cardiac and total mortality but not the risk
of recurrent myocardial infarction or revascularization
(5-8). In fact, our review shows that the mortality effects
of exercise therapy appear to be consistent across a num-
ber of coronary heart disease groups (e.g., post—-myocar-
dial infarction, postrevascularization, angina) as well as a
range of exercise-based intervention delivery strategies.
Trials in this review assessed exercise therapy alone and
also in combination with educational and psychological
cointerventions, and also across a range of exercise ‘doses’
(a composite measure based on the overall duration of
the exercise program plus the intensity, frequency, and
length of exercise sessions). There was no difference in
mortality effect between exercise-only cardiac rehabilita-
tion and comprehensive cardiac rehabilitation, or by ex-
ercise dose or duration of follow-up. Our findings are in
contrast to the earlier review of Oldridge and colleagues
who reported a greater reduction in all-cause death with
rehabilitation trials of follow-up lasting more than 36
months (5). Although we observed improvements in sev-
eral primary cardiac risk factors with cardiac rehabilita-
tion, the effect of cardiac rehabilitation on health-related
quality of life remains unclear.

The precise mechanism(s) by which exercise therapy
improves mortality in patients with coronary heart dis-
ease has not been elucidated fully (67). Exercise training
has been shown to have direct benefits on the heart and

coronary vasculature, including myocardial oxygen de-
mand, endothelial function, autonomic tone, coagula-
tion and clotting factors, inflammatory markers, and the
development of coronary collateral vessels (68,69). How-
ever, our findings support the hypothesis that reductions
in mortality may also be mediated via the indirect effects
of exercise through improvements in the risk factors for
atherosclerotic disease. We found that the effect of com-
prehensive rehabilitation on mortality was no greater
than that of exercise-only rehabilitation, which may sug-
gest that these indirect effects may need time to become
effective and that the follow-ups in studies were too short
to allow observation of such effects.

This review has several potential limitations, notably
the poor methodological quality of many trials. Few trials
provided details of the process of randomization, alloca-
tion concealment, or blinding of outcome assessment. As
expected, we observed that poorer quality studies were
associated with greater reductions in all-cause mortality.
Nevertheless, these differences were not statistically sig-
nificant. Furthermore, the quality of trials did not appear
to have improved over the last decade.

Despite substantial differences in the duration of fol-
low-up (range, 6 to 69 months), we pooled results across
studies. This decision was supported by our observation
that the reduction in all-cause mortality was relatively con-
sistent with cardiac rehabilitation, regardless of the duration
of follow-up. The inability to identify unpublished studies
may have led to overestimation of treatment effects (16). We
found no evidence of publication bias.
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We were unable to demonstrate a clear benefit of exer-
cise therapy on health-related quality of life, which may
be explained by several factors. First, given the heteroge-
neity of health-related quality-of-life outcome measures
used and their reporting, we did not synthesize the results
by formal numerical pooling. Only two of the 12 trials
that assessed health-related quality of life had a sample
size in excess of 250 patients, meaning that they were
powered to detect a modest health-related quality-of-life
difference between cardiac rehabilitation and control.
Second, all but one trial used generic measures that lack
sensitivity to change with cardiac treatments, particularly
in comparison with disease-specific measures (70,71). Fi-
nally, we limited our assessment of health-related quality
of life to validated measures.

We believe that our findings have important implica-
tions for both the current policy on delivery of cardiac
rehabilitation service as well as the direction of future
research. Previous meta-analyses have been criticized on
the grounds that they preceded most of the present treat-
ments for coronary heart disease, such as acute thrombo-
Iytic therapy, beta-adrenergic blockers, and aggressive
lipid management. They also focused almost entirely on
patients following myocardial infarction (5,6). It has
therefore not been clear if the benefits of exercise therapy
after myocardial infarction would be sustained in the
present era of cardiovascular therapies and across the
contemporary range of coronary heart disease case mix.
Our review shows that trials conducted in last decade
have continued to report benefits of cardiac rehabilita-
tion. Moreover, post—coronary artery bypass grafting,
post—percutaneous transluminal coronary angioplasty,
and angina patients are increasingly represented in this
evidence base, an encouraging sign that cardiac rehabili-
tation should be made routinely available to a broader
group of patients with coronary heart disease, including
patients with heart failure, many of whom have underly-
ing coronary heart disease and respond well to cardiac
rehabilitation exercise training (72,73).

With a few exceptions, the trials identified by this re-
view have examined exercise therapy delivered in a super-
vised manner, often in a formal health care setting, such
as the hospital. Given the current shortfall in the provi-
sion of cardiac rehabilitation in many countries (74,75)
and the increasing drive towards cost containment, fu-
ture research should examine the relative efficacy and
costs of cardiac rehabilitation delivery in non—health care
settings, such as the home, especially for low- to moder-
ate-risk and older patients (19). These studies also need to
consider patients across the range of coronary heart dis-
ease diagnoses, sexes, ages, ethnicities, and economic
classes.

In conclusion, this review confirms the benefits of ex-
ercise-based cardiac rehabilitation in terms of cardiac and
all-cause mortality, as well as demonstrates improve-
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ments in a number of primary risk factors that appear to
be sustained in the present era of cardiovascular therapy
provision. These benefits are not limited to particular
coronary heart disease patient subgroups or particular
models of exercise intervention.
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