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Abstract

Objective: To carry out a systematic review of the effect of cardiac rehabilitation (CR) and its components
on cardiovascular outcomes in patients with stable angina.
Methods: We searched the databases including Ovid MEDLINE, Ovid Embase, Scopus, Web of Science,
Google Scholar, and EBSCO CINAHL from their inception up to November 1, 2017. The search was not
restricted to time or publication status but was limited to the English language. Two independent
investigators screened the identified studies and extracted the data in duplicate. We reviewed the included
studies and, where possible, pooled their results and conducted meta-analyses. Risk of bias was assessed
using Cochrane Collaboration tools.
Results: The search identified 7508 studies. Ten randomized trials including 4005 participants with the
mean (SD) age of 59.6 (5.7) years were considered eligible for inclusion in our analyses. The results of
meta-analyses of exercise-based CR for patients with stable angina revealed that CR improved exercise
capacity (the difference between baseline and follow-up was 0.76 watt [0.49 to 1.02] higher in the CR
group vs the non-CR group) and decreased angina frequency (standard mean difference, �0.27
[CI, �0.43 to 0.11]). No significant differences were noted in other outcomes, including quality of life.
Mortality could not be adequately assessed because it was analyzed in only 1 exercise-based CR study.
Conclusion: Our systematic review, involving a relatively small number of studies with low to moderate
risk of bias and with considerable heterogeneity, found a significant decrease in angina frequency and
increase in exercise capacity in patients with stable angina who participated in an exercise-based CR
program. Studies involving the impact of components of CR are limited and generally report beneficial
outcomes. Additional studies are needed to clarify the possible role of CR in the management of patients
with stable angina.
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C oronary artery disease is a leading
cause of death worldwide,1 and stable
angina is a common manifestation.2

Stable angina is defined as chest discomfort
due to reversible myocardial ischemia that is
triggered by exercise, emotional stress, or
other stressors and that is improved by rest
or with medications. Management of stable
angina is usually achieved with optimal medi-
cal and lifestyle therapy or revascularization
therapy (percutaneous coronary intervention
[PCI] or coronary artery bypass graft [CABG]
surgery).3-5 Current evidence suggests similar
Mayo Clin Proc Inn Qual Out n XXX 2021;5(4):727-741 n https://do
www.mcpiqojournal.org n © 2021. Published by Elsevier Inc on be
article under the CC BY-NC-ND license (http://creativecommons.or
longer term outcomes in these 2 approaches
to stable angina, although symptom control
may occur earlier with revascularization ther-
apy than with optimal medical and lifestyle
therapy.6

Cardiac rehabilitation (CR) is an evidence-
based treatment for coronary artery disease
management in patients who have stable
angina.7 Cardiac rehabilitation is a compre-
hensive, multidisciplinary, systematic, and
tailored approach to provide optimal medical,
lifestyle, and psychosocial therapies for pa-
tients with a variety of cardiovascular diseases
i.org/10.1016/j.mayocpiqo.2021.06.009
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(CVDs). Studies of CR have reported that CR
is associated with a reduction in morbidity
and mortality rates after myocardial infarction
(MI), PCI, and CABG.8 Studies reinforce the
beneficial effects of exercise-based CR on ma-
jor cardiovascular (CV) outcomes and modifi-
able CV risk factors.7,9,10 Whereas many CR
outcome studies have included patients with
MI, PCI, and CABG, less is known about CR
and outcomes in patients with stable angina.
However, given the benefits of CR in control-
ling CVD risk factors and systematically
applying optimal medical and lifestyle thera-
pies, clinical guidelines recommend CR in pa-
tients with stable angina.11,12 A Cochrane
review reported the benefits of exercise-based
CR on CV outcomes and health-related quality
of life (HRQL) in patients with stable angina.13

Despite the results of this review, the exact ef-
fect of CR and its components (including exer-
cise program, nutrition counseling, behavioral
counseling, and smoking cessation programs
as well as control of blood pressure, blood
lipids, and diabetes mellitus) on outcomes is
less clear. The aim of this study was to system-
atically review all of the studies that have
assessed the effect of CR and its components
on major CV outcomes, HRQL, and cardiopul-
monary fitness in patients with stable angina.

METHODS
The protocol of the study was designed on the
basis of the Cochrane Handbook for Systematic
Reviews of Intervention and the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses statement. It was approved by
the Institutional Review Board of Mayo Clinic.

The criteria that we used to screen eligible
studies were as follows: randomized clinical
trials or cohort studies that assessed the effect
of CR on major CV outcomes, HRQL, and car-
diopulmonary fitness in patients with stable
angina. The studies that met the criteria were
included in the study, and the studies with
different design, intervention, or patient popu-
lation were excluded. The lengths of follow-up
and the language and publication status of the
studies were not considered for screening of
the studies.

We did a comprehensive and systematic
search of databases, including Ovid MED-
LINE, Ovid Embase, Scopus, Web of Science,
Google Scholar, and EBSCO CINAHL, to find
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the eligible studies. An experienced librarian
assisted with designing the search strategy
and searched the databases from their incep-
tion up to November 1, 2017. The search
was not restricted to any specific time and
publication status but was limited to the
English language. The details of the search
strategy in Ovid MEDLINE and Embase
Scopus are shown in Appendix 1 (available
online at http://mcpiqojournal.org).

Screening of the studies identified through
our systematic search was done in 2 steps with
use of systematic review software (Covidence).
The first step included screening of published
studies by the title and the abstracts of the
studies, with 2 independent investigators
(F.S. and Y.W.) screening the papers. The sec-
ond step screened the selected studies further
on the basis of their full texts. The entire
screening process was done independently
and in duplicate. Figure 1 shows the details
of the screening process, the number of
studies excluded in each step, and the reasons
for exclusions.

An investigator (F.S.) checked the refer-
ences of the included studies as well as the
databases for any missing studies and the
gray literature including unsubmitted or un-
published manuscripts (because of multiple
reasons, mainly their negative results). In addi-
tion, the authors of the included studies were
contacted to identify any additional studies
they previously carried out that were not pub-
lished or that were missed in our search
process.

Disagreement between the investigators in
each stage of the work was resolved by discus-
sion and consensus; if the agreement was not
achievable, the senior author (R.J.T.) helped
resolve the disagreement. Kappa statistic was
used to measure the agreement between inves-
tigators in each step.

Studies that met the eligibility criteria were
included for data extraction and further anal-
ysis. An Excel spreadsheet, developed by one
of the investigators (F.S.), was used by the
screening investigators (F.S. and Y.W.) for
data extraction. The spreadsheet focused on
the following information: general characteris-
tics of the study (name of the first author, year
of publication, and location of the study),
study design (eg, randomized trial, observa-
tional studies), quality of the study,
;5(4):727-741 n https://doi.org/10.1016/j.mayocpiqo.2021.06.009
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7485 records identified through
database searching

23 additional records identified
through other sources

7053 records after duplicates removed

7053 records screened

105 full-text articles
assessed for eligibility

10 studies included in
qualitative synthesis

6 studies included in
quantitative synthesis

(meta-analysis)

6948 of records
excluded

25 wrong intervention
23 wrong patient
population
36 wrong study design
6 not english
5 wrong outcomes

95 full-text articles
excluded, with reasons:
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram detailing
the literature search and number of included and excluded studies, with reasons for exclusion in each
stage.

CARDIAC REHABILITATION IN STABLE ANGINA
characteristics of the CR intervention (number
of sessions and the components of CR), char-
acteristics of the control group, number of
participants in each group, characteristics of
the participants (age, sex, comorbidities),
follow-up duration, list of outcomes (major
CV outcomes, HRQL, and cardiopulmonary
fitness), changes in outcomes in intervention,
and control groups. In case data from a given
study were not accessible, an investigator
(F.S.) contacted the authors of the study for
their assistance with the data extraction. The
data extraction process was performed inde-
pendently and in duplicate with a third inves-
tigator (F.S., J.M.-I.) to check for the accuracy
of the data.

Cochrane Collaboration tools were used to
assess the risk of bias in individual studies at
both study and outcome levels. The tool for
the assessment of the risk of bias in random-
ized clinical trials assessed the risk of bias in
different levels of study, including sequence
generation, allocation concealment, blinding,
incomplete outcome data, selective outcome
reporting, and other sources of bias.14 The
Mayo Clin Proc Inn Qual Out n XXX 2021;5(4):727-741 n https://do
www.mcpiqojournal.org
tool that was used for observational studies
(ROBINS-I) assessed different domains for
any possible bias.15 The domains for evalu-
ating the risk of bias were as follows: bias
due to confounding, bias in selection of the
participants into the study, bias in classifica-
tion of exposures, bias due to departures
from intended exposures, bias due to missing
data, bias in measurement of outcomes, bias in
selection of the reported result, and overall
risk of bias. To evaluate publication bias, we
used funnel plots for the outcomes being
studied.

Because of the variety of the outcomes of
interest in the study, the data were available
in different forms of continuous variables
and in a variety of counts and rates. We
pooled the data across the studies and
analyzed the data by different methods,
including inverse variance effects model for
continuous data and generic inverse variance
model for counts and rates. The software
used for the meta-analysis was RevMan v.5.3
(Cochrane Collaboration). The I2 statistic was
used to measure the heterogeneity objectively,
i.org/10.1016/j.mayocpiqo.2021.06.009 729

https://doi.org/10.1016/j.mayocpiqo.2021.06.009
http://www.mcpiqojournal.org


TABLE 1. Characteristics of the Studies Included in the Systematic Review and Meta-analysis of the Association Between Cardiac Rehabilitation and Different Cardiovascular Outcomes in
Patients With Stable Angina

First author

Year of

publication Study design

No. of

participants

Mean

follow-up Setting (PICO) Location of the study

1 Asbury16 2012 Randomized clinical trial 40 2 months Participants: refractory angina patients (65.1 .3 years)

Intervention: phase 3 cardiac rehabilitation p gram (exercise)

Comparison: symptom diary control

Outcomes: angina frequency, angina severity eight, waist/hip ratio, heart

rate, glucose, LDL, HDL, triglycerides, sh le level and meter, blood

pressure, quality of life, and psychologica orbidity (Hospital Anxiety

and Depression Scale, Health Anxiety Q stionnaire, SF-36, health

beliefs)

United Kingdom

2 Bundy17 1994 Randomized clinical trial 29 2 months Participants: chronic stable angina patients

Intervention: stress management training

Comparison: a group with no stress manag ent training

Outcomes: exercise tolerance, self-reported gina symptoms, medication

use, anxiety levels

United Kingdom

3 Burr18 2003 Randomized clinical trial 3114 3-9 years Participants: men <70 years of age with an a

Intervention: dietary advice (2 portions of o fish each week or 3 fish oil

capsules daily; eat more fruit, vegetables, d oats; or both of these

interventions)

Comparison: given no specific dietary advic

Outcomes: mortality (all-cause, cardiovascu sudden death)

United Kingdom

4 Devi19 2014 Randomized clinical trial 94 1.5 months Participants: patients diagnosed with stable ina

Intervention: web-based cardiac rehabilitatio rogram (including exercise,

dietary advice, stress management, smok reduction)

Comparison: continue the usual treatment n and not participating in a

cardiac rehabilitation program

Outcomes: daily average step count, energy xpenditure, duration of

sedentary activity and duration of mode activity, angina frequency,

weight, self-efficacy, emotional quality of score

United Kingdom

5 Gallacher20 1997 Randomized clinical trial 378 6 months Participants: men <70 years of age diagnos with angina

Intervention: stress management training

Comparison: continue the usual treatment hout intervention

Outcomes: time pressure, driven behavior, itude to achievement,

inability to relax, role definition, domesti tress, health concerns,

hostility, anxiety, depression

United Kingdom

6 Hambrecht21 2004 Randomized clinical trial 101 12 months Participants: male patients aged �70 years h stable angina

Intervention: exercise

Comparison: percutaneous coronary interve ion

Outcomes: ischemic events (death of cardia causes, resuscitation after

cardiac arrest, nonfatal myocardial infarct , cerebrovascular accident,

CABG, PTCA, hospitalization, coronary iography, major ischemic

events, any ischemic event)

Germany
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TABLE 1. Continued

First author

Year of

publication Study design

No. of

participants

Mean

follow-up Setting (PICO) Location of the study

7 Lewin22 1995 Randomized crossover trial 65 12 months Participants: patients diagnosed with stable angina

Intervention: exercise, stress management training, psychological status

improvement, behavioral change, education

Comparison: waiting list control group

Outcomes: angina frequency, severity of angina, duration of angina, use of

glyceryl trinitrate, disability

United Kingdom

8 Maxwell23 2002 Randomized crossover trial 36 2 weeks Participants: stable outpatients with CAD and class II or III angina

Intervention: dietary advice

Comparison: continue the regular treatment

Outcomes: endothelial function, treadmill exercise test, quality of life

(SF-36), Seattle Angina Questionnaire

United States

9 Schuler24 1988 Randomized clinical trial 35 12 months Participants: patients with coronary artery disease, stable angina pectoris,

and mild hypercholesterolemia

Intervention: exercise and dietary advice

Comparison: continue usual medical care

Outcomes: BMI, total cholesterol, LDL, HDL, VLDL, triglycerides,

cholesterol/HDL, stress-induced myocardial ischemia, heart rate, blood

pressure, physical work capacity

Germany

10 Schuler25 1992 Randomized clinical trial 113 12 months Participants: patients with stable angina pectoris

Intervention: exercise and dietary advice

Comparison: continue usual medical care

Outcomes: diameter reductions of coronary lesions, myocardial perfusion,

weight, total cholesterol, triglycerides, HDL, physical work capacity,

myocardial oxygen consumption, rate/pressure, stress-induced MI,

coronary lesion, cardiovascular events

Germany

BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; PTCA, percutaneous transluminal coronary
angioplasty; SF-36, 36-Item Short Form Health Survey; VLDL, very-low-density lipoprotein.
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TABLE 2. Risk of Bias in Different Domainsa and Overall Risk of Bias in Different Studies Included in the Systematic Review and Meta-
analysis of the Association Between Cardiac Rehabilitation and Cardiovascular Outcomes in Patients With Stable Angina

Sequence

allocation

Allocation

concealment Blinding

Incomplete

outcome data

Selective

outcome

reporting

Other

sources

of bias

Overall riskb

of bias

Asbury16

Bundy17

Burr18

Devi19

Gallacher20

Hambrecht21

Lewin22

Maxwell23

Schuler24

Schuler25

aDifferent colors show different amounts of risk of bias within different domains: green represents a low risk of bias, yellow represents an unclear risk of bias or not enough
information is provided in the study to make a judgment, and red represents a serious to critical risk of bias within each domain.
bShows the overall risk of bias in different studies in the range of low to critical (low, moderate, serious, and critical risk of bias). Green shows a low risk of bias, and yellow
shows a moderate risk of bias.
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and forest plots were inspected visually to sub-
jectively measure the heterogeneity between
studies in different analyses.

RESULTS
The primary search by the librarian identified
7485 published studies. We screened the
identified studies by title and abstract, and
we found 82 studies eligible for the full-text
screening. In addition, 23 studies were found
from hand-searching efforts (cross-referencing,
searching by the name of the authors of the
included studies, searching for gray literature).
Among those eligible for full-text screening, 41
studies were found to be eligible for data
extraction. During data extraction, 31 studies
were excluded for a variety of reasons
(Figure 1). In the end, 10 studies were found
to be eligible for systematic review and
possible meta-analysis.

Table 1 details the characteristics of the
studies included in the systematic review. All
of the included studies were randomized clin-
ical trials; most of them were performed in the
United Kingdom and Germany. The total
number of the participants was 4005; mean
� SD age was 59.6�5.7 years.

As Table 2 shows, the risk of bias was
generally high in the domain of blinding of
the participants and investigators to the study.
In addition, another source of bias in the
studies was incomplete outcome data;
Mayo Clin Proc Inn Qual Out n XXX 2021
however, the overall risk of bias was low in
most of the studies and moderate in 2 studies.
Results of CV and non-CV outcomes are pre-
sented in Table 3.

All-cause mortality was assessed in 2
studies18,25 involving a total of 3227 partici-
pants receiving CR interventions that were
generally focused on diet or exercise therapies.
In both of the studies, there was a nonsignifi-
cant trend toward higher all-cause mortality in
the CR intervention group compared with the
usual care group (Figure not shown). The
result of pooled analysis did not find any sig-
nificant association between CR and CV mor-
tality (Figure 2), sudden death (Figure 3), a
variety of CV events, and angina severity.

Furthermore, the association between CR
and MI was assessed in 3 studies21,24,25 with
a total of 249 participants. The major compo-
nents of the CR intervention in these studies
included exercise and dietary therapies,
whereas the control group in the study by
Hambrecht et al21 received PCI. There was
no significant difference in incidence of MI
in patients of the intervention and control
groups (Figure 4).

Hambrecht et al21 and Schuler et al25 eval-
uated the association between CR and stroke
(Figure 5), coronary interventions (including
PCI [Figure 6] and CABG surgery
[Figure 7]), hospitalization (Figure 8), and
maximum oxygen consumption (Figure 9) in
;5(4):727-741 n https://doi.org/10.1016/j.mayocpiqo.2021.06.009
www.mcpiqojournal.org
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TABLE 3. Results of Different Outcomes Reported in the Studies Included in the Systematic Review of the Association Between Cardiac Rehabilitation and Cardiovascular and Non-
cardiovascular Outcomes in Patients With Stable Angina

All-cause

mortality

Cardiovascular

mortality

Sudden

death

Myocardial

infarction

Percutaneous

coronary

intervention

Coronary

artery

bypass

graft Stroke Hospitalization VO2max

Functional

exercise

capacity Anxiety score

Depression

score

Angina

frequency

Angina

severity

Asbury16 Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed 0.42

(�0.20 to 1.05)

Bundy17 Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed �0.51

(�1.25 to 0.23)

Not assessed

Burr18 1.16

(1.04-1.29)

1.14

(0.98-1.33)

1.34

(0.96-1.87)

Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed

Devi19 Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed �0.16

(�0.57 to 0.24)

�0.2

(�0.16 to 0.2)

Not assessed Not assessed

Gallacher20 Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed �0.07

(�0.27 to 0.4)

�0.03

(�0.24 to 0.17)

�0.27

(�0.48 to 0.07)

Not assessed

Hambrecht21 Not assessed Not assessed Not assessed 0.32

(0.01-8.05)

0.28

(0.07-1.12)

0.32

(0.0-8.05)

0.64

(0.10-4)

0.12

(0.01-1.04)

2.88

(2.31- 3.44)

Not assessed Not assessed Not assessed Not assessed Not assessed

Lewin22 Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed �0.40

(�0.75 to 0.05)

�0.42

(�0.77 to 0.07)

Maxwell23 Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed 0.06

(�0.40 to 0.52)

Not assessed

Schuler24 Not assessed Not assessed Not assessed 0.17

(0.01-3.76)

Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed

Schuler25 5.09

(0.25-103.64)

5.09

(0.25-103.64)

3.05

(0.13-71.55)

0.15

(0.01-2.75)

0.68

(0.12- 3.85)

0.34

(0.01-8.15)

3.05

(0.13-71.55)

1.02

(0.27- 3.85)

0.31

(�0.06 to 0.68)

Not assessed Not assessed Not assessed Not assessed Not assessed

VO2max, maximum oxygen consumption.
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ControlCR

10.10.01

1.14 [0.98, 1.33]
5.09 [0.25, 103.64]

1.14 [0.98, 1.33]

99.7%
0.3%

0.0772
1.5376

0.131
1.6273

Burr 2003

Hazard ratio
IV, random, 95% CI

Hazard ratio
IV, random, 95% CIWeightSElog[hazard ratio]Study or subgroup

Schuler 1992

100.0%Total (95% CI)

10 100
Heterogeneity: Tau2=0.00; Chi2=0.94, df=1 (P=.33); I2=0%
Test for overall effect: Z=1.75 (P=.08)

FIGURE 2. The forest plot of the association of cardiac rehabilitation (CR) with the risk of cardiovascular mortality in patients with
stable angina (n¼3227). IV, inverse variance; SE, standard error.

Burr 2003

Study or subgroup

Schuler 1992

Total (95% CI)
Heterogeneity: Tau
Test for overall effe
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a total of 214 patients with stable angina.
Neither study reported a significant associa-
tion between CR and any of the outcomes.

Angina frequency was studied in 4
different studies17,20,22,23 involving 606 pa-
tients. Three studies reported a nonsignificant
association between CR and angina frequency,
and 1 study reported a significant decrease in
angina frequency in patients who participated
in a CR program. The meta-analysis found a
significant association between participation
in a CR program and lower angina frequency
in patients with stable angina (standard mean
difference [SMD], �0.27; CI, �0.43
to �0.11; Figure 10). However, no significant
change was reported in angina severity, which
was evaluated in 2 studies16,24 (Figure 11).

The association between CR and improve-
ments in exercise capacity was evaluated in 4
different studies16,21,23,25 involving 290 par-
ticipants. Asbury et al16 measured exercise ca-
pacity using the Progressive Shuttle Walk
exercise tolerance test (reported progressive
shuttle walk), and Hambrecht et al21 used
the maximal symptom-limited ergo-
0.0

1.34 [0.96, 1.87]
3.05 [0.13, 71.55]

1.35 [0.97, 1.88]

98.9%
1.1%

0.1702
1.6099

0.2927
1.1151

Hazard ratio
IV, random, 95% CIWeightSElog[hazard ratio]

100.0%
2=0.00; Chi2=0.26, df=1 (P=.61); I2=0%
ct: Z=1.78 (P=.07)

t of the association of cardiac rehabilitation (CR) with the
riance; SE, standard error.
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spirometry (reported physical work capacity
as watts/minute); Maxwell et al23 and Schuler
et al25 used an exercise treadmill test. Except
for the study by Asbury et al,16 all other
studies reported a significant association be-
tween CR and improved exercise capacity.
The result of the meta-analysis did not find a
significant association between CR and exer-
cise capacity in patients with CR (SMD, 1.17;
CI, �0.22 to 2.57); however, analysis using
a fixed effect model found a significant in-
crease in exercise capacity in the CR group
(SMD, 0.77; CI, 0.53 to 1.02). This number
is equal to a large effect size per Cohen bench-
marks26 (Figure 12).

Four studies16,19,20,23 analyzed the associ-
ation between CR and HRQL in 548 partici-
pants with stable angina. Asbury et al16

measured HRQL using the Hospital Anxiety
and Depression Scale, Health Anxiety Ques-
tionnaire, and the 36-Item Short Form Health
Survey (SF-36) to evaluate different aspects of
HRQL in participants. They reported that the
HRQL measures were better in the control
group than in the intervention group. Devi
ControlCR
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FIGURE 6. The forest plot of the association of cardiac rehabilitation (CR) with the risk of percutaneous coronary intervention in
patients with stable angina (n¼214). IV, inverse variance; SE, standard error.
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FIGURE 4. The forest plot of the association of cardiac rehabilitation (CR) with the risk of myocardial infarction in patients with stable
angina (n¼249). IV, inverse variance; SE, standard error.
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FIGURE 5. The forest plot of the association of cardiac rehabilitation (CR) with the risk of stroke in patients with stable angina
(n¼214). IV, inverse variance; SE, standard error.
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FIGURE 8. The forest plot of the association of cardiac rehabilitation (CR) with the risk of hospitalization in patients with stable angina
(n¼214). IV, inverse variance; SE, standard error.
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FIGURE 9. The forest plot of the association of cardiac rehabilitation (CR) with the change in maximum oxygen consumption in
patients with stable angina (n¼214). IV, inverse variance.
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FIGURE 7. The forest plot of the association of cardiac rehabilitation (CR) with the risk of coronary artery bypass graft in patients with
stable angina (n¼214). IV, inverse variance; SE, standard error.
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FIGURE 10. The forest plot of the association of cardiac rehabilitation (CR) with angina frequency in patients with stable angina
(n¼606). IV, inverse variance.
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et al19 reported significant improvement in the
emotional HRQL score in the CR intervention
group, whereas Gallacher et al20 evaluated par-
ticipants’ stress scores using the Derogatis
Stress Profile questionnaire and reported that
the total stress score decreased significantly
in the intervention group. Maxwell et al23

also reported that a CR intervention produced
more favorable HRQL (using SF-36 and HRQL
assessment tools).

Anxiety and depression scores in CR and
non-CR participants were assessed by Devi
et al19 and Gallacher et al.20 Neither study re-
ported a significant association between CR
and lower anxiety or depression score in the
472 patients studied (Figures 13 and 14).

DISCUSSION
This systematic review investigated the associ-
ation between comprehensive CR and CV out-
comes in patients with stable angina. Our
results found a statistically significant associa-
tion between CR and lower angina frequency
SD
CR Control

Mean SDMeanTotalStudy or subgroup

1.87−0.01 1.44−0.7320Asbury 2012
28.6−9.8 31.27234Lewin A 1995
4.2−8.3 31.27231Lewin B 1995

85Total (95% CI)
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Test for overall effect: Z=0.67 (P=.50)

FIGURE 11. The forest plot of the association of ca
(n¼167). IV, inverse variance.
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as well as a clinically significant increase in ex-
ercise capacity in patients who had CR
compared with the control group. There was
no significant difference between the interven-
tion and control groups with regard to peak
oxygen consumption, suggesting a possible
lack of effectiveness in the exercise interven-
tion group. On the other hand, we failed to
identify evidence of the association between
CR and all-cause mortality, CV mortality, sud-
den death, MI, stroke, coronary intervention,
hospitalization, maximum oxygen consump-
tion, HRQL, anxiety score, depression score,
and angina severity. Some of the null results
we identified may have been due to the sug-
gestion that exercise training may have been
suboptimal in at least some of the studies we
identified.

Cardiovascular diseases are the leading
cause of death worldwide. Cardiac rehabilita-
tion has been reported to be a crucial compo-
nent of treatment and secondary prevention of
various CVDs, including acute coronary
ControlCR
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FIGURE 12. The forest plot of the association of cardiac rehabilitation (CR) with exercise capacity in patients with stable angina. A,
Random effect model. B, Fixed effect model. IV, inverse variance.
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syndrome, CABG surgery, PCI, heart valve
surgery, and heart failure with reduced ejec-
tion fraction.27 Each component of CR (ie, ex-
ercise training, nutrition counseling,
behavioral counseling, and CVD risk factor
treatment) has been reported to have benefi-
cial effects on CVD risk factor control.7,9,10

However, data from our analysis and from
other studies suggest limited benefit of CR
for outcomes in patients with stable angina.
An earlier systematic review and meta-
analysis by Long et al28 on the association
−0.16 [−0.5
−0.07 [−0.2

−0.09 [−0.2

Std. mean dif
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5
8.3

SD
CR Control

.47
2.3

ean

5.1
6.8

SD

−0.64
−1.8

Mean

48
184

Total

46
194

Total

19.9%
80.1%

Weight

100.0%240232
0; Chi2=0.18, df=1 (P=.67); I2=0%

=0.93 (P=.35)

plot of the association of cardiac rehabilitation (CR) wit
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between “exercise-based CR” and CV out-
comes in patients with stable angina failed to
find a significant association between
exercise-based CR and improved CV out-
comes. The results from our study confirm
the findings from the study by Long et al,28

although there are a few key differences be-
tween the 2 studies. Our study included a
wide scope of studies that assessed the impact
on CV outcomes of interventions on any of the
individual components of CR (ie, exercise
training, nutrition counseling, psychological
ControlCR
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FIGURE 14. The forest plot of the association of cardiac rehabilitation (CR) with depression score in patients with stable angina
(n¼472). IV, inverse variance.
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counseling, patient education, and risk factor
treatment). Also, unlike the Long study, we
have limited our study to participants with
angina only (and have excluded studies with
patients having other CVD conditions). In
addition, our study includes published papers
that were not reported in the Long study,
including both randomized controlled trials
and observational studies (the Long paper
contained only data from randomized
controlled trials). The results of our study
are also in line with the results from nearly
all of the studies included in our analysis,
with one exceptiondthe study by Maxwell re-
ported higher angina frequency in CR partici-
pants undergoing a dietary intervention only.

Our systematic review found 2 studies that
tested the association between CR and all-
cause mortality in their patients. In both
studies, there was a nonsignificant association
toward higher all-cause mortality in the CR
intervention group compared with control.
However, several limitations of this finding
are notable, mainly in the study by Burr
et al,18 which was also the main study with
a significantly larger population of patients.
In that study, the intervention for the CR
group was dietary only (counseling to increase
intake of fruits and vegetables, plus the recom-
mendation to take a fish oil capsule). In addi-
tion, the definition of angina was indirect and
based on the report from the patient’s primary
care provider of a patient’s history of previous
nitrate use. Furthermore, adherence to the di-
etary counseling was reported to be very poor
among participants.

We also found that CR participation
reduced angina frequency and increased exer-
cise capacity. This is in line with the results of
Mayo Clin Proc Inn Qual Out n XXX 2021;5(4):727-741 n https://do
www.mcpiqojournal.org
previous studies that have found that various
components of CR, including exercise training,
weight loss, and smoking cessation, can reduce
the frequency of angina.29-31 These effects are
likely to be related to the beneficial effects of
these lifestyle changes on a variety of vascular
and rheologic factors.29,32 Exercise itself, one
of the most fundamental and effective compo-
nents of CR, has been found not only to affect
several of the other components of CR33-37 but
also to improve endothelial function, to
decrease oxidative stress and arterial stiffness,
and to increase myocardial perfusion.38-40

These effects alone suggest that exercise training
during CR should lead to beneficial improve-
ments in angina and CVD outcomes.

There are limitations to our study. First, rela-
tively few studiesmet entry criteria for our study.
Second, significant heterogeneity was noted be-
tween studies included in our analysis. This het-
erogeneity was, in large part, due to differences
in how clearly stable angina was defined and
described in the studies. Additional heterogene-
ity in our study was due to the variation in the
CR intervention modalities used, their fre-
quency, and the patient’s adherence. In addition,
most of the studies in our analysis had a rela-
tively short follow-up period, from weeks to
months, which is typically not long enough to
detect most major CV outcomes.
CONCLUSION
We found that CR is associated with a reduced
frequency of stable angina and improved exer-
cise capacity. However, limitations to our data
reduce our ability to fully evaluate the impact
of CR on outcomes in patients with angina.
Additional research is needed to clarify the
i.org/10.1016/j.mayocpiqo.2021.06.009 739
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potential role of CR for patients with stable
angina.
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