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ABSTRACT
Background: Although cardiac rehabilitation (CR) has proven to have
short- and mid-term benefit in treatment of coronary artery disease, its
long-term benefit in patients who have undergone coronary artery
bypass grafting (CABG) is less certain. Our objective was to examine
the late outcomes of patients who attended CR within the first year
after CABG.
Methods: Adult CABG patients referred to Toronto Rehabilitation
Institute (CR group: were referred and attended at least 1 session; No-
CR group: were referred but did not attend) between January 1996 and
September 2008 were identified through linkages with clinical and
provincial administrative databases for comorbidities and outcome
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R�ESUM�E
Contexte : La r�eadaptation cardiaque (RC) s’est r�ev�el�ee b�en�efique à
court et à moyen terme dans le traitement des coronaropathies, mais
on en sait moins sur ses bienfaits à long terme chez les patients ayant
subi un pontage aortocoronarien (PAC). Nous avons donc examin�e les
issues à long terme chez des patients ayant particip�e à un programme
de RC dans l’ann�ee suivant un PAC.
M�ethodologie : Àpartir des donn�ees coupl�ees des bases de donn�ees des
cliniques et de l’administration provinciale, nous avons relev�e tous les
patients adultes ayant subi un PAC qui ont �et�e orient�es vers l’Institut de
r�eadaptation de Toronto (groupeRC : patients orient�es vers le programme
et ayant particip�e à aumoins 1 s�eance; groupe sansRC : patients orient�es
Cardiac rehabilitation (CR) is an important component in the
management of chronic cardiovascular disease, supporting
provision of secondary prevention and lifestyle changes, which
successfully reduces the risk of recurrence and mortality.1 The
2011 American College for Cardiology Foundation/American
Heart Association (ACCF/AHA) guideline recommends CR
for all eligible patients postecoronary artery bypass graft
surgery (CABG) beginning 4-8 weeks after surgery, 3 times
per week for 3 months (Class I, Level of Evidence: A).2 The
2016 European guidelines on cardiovascular disease preven-
tion in clinical practice recommend participation in CR for all
patients hospitalized for revascularization (Class I, Level of
Evidence: A).3 A recent Cochrane systematic review and meta-
analysis of 63 randomized controlled trials (RCTs) of more
than 14,486 participants with coronary artery disease (CAD)
showed that CR led to a 26% relative risk reduction in car-
diovascular mortality and lowered the risk of hospital read-
missions at a median follow-up of 12 months.4

All the existing RCTs and observational studies related to
CR attendance have reported only all-cause mortality or car-
diovascular mortality as the primary outcome.4-11 The CABG
subgroup has been studied in a meta-analysis of primarily
Corresponding author: Dr Stephen E. Fremes, Professor of Surgery,
University of Toronto, Schulich Heart Centre, Sunnybrook Health Sciences
Centre, 2075 Bayview Ave, Room H4 05, Toronto, Ontario M4N 3M5,
Canada. Tel.: þ1-416-480-6073; fax: þ1-416-480-4439.

E-mail: stephen.fremes@sunnybrook.ca
The abstract was presented in part as a poster on November 18, 2019 at

the American Heart Association Meeting scientific sessions.
See page 174 for disclosure information.

This is an open access article under the CC BY-NC-ND license (http://

https://doi.org/10.1016/j.cjco.2020.10.004
https://doi.org/10.1016/j.cjco.2020.10.004
mailto:stephen.fremes@sunnybrook.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjco.2020.10.004&domain=pdf
https://doi.org/10.1016/j.cjco.2020.10.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


ascertainment. The primary outcome was a composite of all-cause
mortality, acute myocardial infarction, stroke or repeat revasculariza-
tion (major adverse cardiac and cerebrovascular events [MACCE]). The
secondary outcome was all-cause mortality. Multivariable Cox propor-
tional hazard models were used to assess the CR treatment effect,
adjusting for baseline characteristics.
Results: The study cohort consisted of 5,000 patientsd3,685 (73.7%)
in the CR group and 1,315 (26.3%) in the No-CR group. Median referral
time was 32.5 days, and follow-up was 13.1 years. The CR group pa-
tients, compared with the No-CR group, were younger (age 62.6 � 9.6
vs 64.0 � 10.5 years), were more likely to be male (85.0% vs 79.5%),
and had fewer cardiac comorbidities. In adjusted analyses, the CR
group was associated with decreased MACCE (hazard ratio 0.83, 95%
confidence interval 0.75-0.91, P < 0.0001) and a higher adjusted
survival at 15 years (66.3% vs 60.1%, hazard ratio 0.76, 95% confi-
dence interval 0.68-0.84, P < 0.0001), as compared with the No-CR
group.
Conclusions: There was a reduction in MACCE and late mortality
associated with CR attendance, highlighting the importance of patient
referral and participation in CR after CABG.

vers le programme, mais n’ayant particip�e à aucune s�eance) entre
janvier 1996 et septembre 2008, afin d’�etablir les affections con-
comitantes et les r�esultats obtenus. Le critère d’�evaluation principal
compos�e comprenait la mortalit�e toutes causes confondues, l’infarctus
du myocarde aigu, l’accident vasculaire c�er�ebral (AVC) ou une nouvelle
revascularisation en raison d’un �ev�enement cardiaque ou
c�er�ebrovasculaire majeur (ECCVM). Le critère d’�evaluation secondaire
�etait la mortalit�e toutes causes confondues. Nous avons utilis�e des
modèles à risques proportionnels de Cox multivari�es pour �evaluer
l’effet th�erapeutique de la RC, en apportant les corrections n�ecessaires
pour tenir compte des caract�eristiques initiales des patients.
R�esultats : La cohorte de l’�etude r�eunissait 5 000 patients e 3 685
(73,7 %) dans le groupe RC et 1 315 (26,3 %) dans le groupe sans RC.
Les valeurs m�edianes du temps �ecoul�e avant l’orientation vers un
programme de RC et de la p�eriode du suivi �etaient de 32,5 jours et de
13,1 ans, respectivement. Comparativement aux patients du groupe
sans RC, les patients du groupe RC �etaient plus jeunes (62,6 � 9,6
ans vs 64,0 � 10,5 ans), �etaient dans une plus forte proportion des
hommes (85,0 % vs 79,5 %) et pr�esentaient un moins grand nombre
d’affections cardiaques concomitantes. À l’issue des analyses après
corrections, on a observ�e dans le groupe RC une r�eduction du taux
d’ECCVM (rapport des risques instantan�es de 0,83; intervalle de con-
fiance [IC] à 95 %, de 0,75 à 0,91; p < 0,0001) et une augmentation
du taux de survie à 15 ans corrig�e (66,3 % vs 60,1 %; rapport des
risques instantan�es de 0,76; IC à 95 %, de 0,68 à 0,84; p < 0,0001),
comparativement au groupe sans RC.
Conclusions : La participation à un programme de RC a �et�e associ�ee à
une diminution du risque d’ECCVM et de mortalit�e tardive, ce qui fait
ressortir l’importance d’orienter les patients ayant subi un PAC vers de
tels programmes et de les encourager à y participer.
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observational studies at a mean follow-up of 40 months in
14,583 patients, and a significant reduction in mortality in
patients participating in CR was reported.11 There is little
evidence regarding long-term mortality or other relevant
outcomes after CR in CABG patients.

Therefore, the primary objective of this study was to
examine the long-term MACCE (major adverse cardiac and
cerebrovascular events, here defined as the composite of all-
cause mortality, myocardial infarction, stroke or repeat
revascularization) in postoperative CABG patients who
attended CR vs those who did not attend CR. Our secondary
objective was to examine all-cause mortality. Our hypotheses
are that patients who attend postoperative CR care have better
long-term freedom from MACCE, and survival, as compared
to those who are referred to but do not attend postoperative
CR.
Methods

Study design

A retrospective comparison of late outcomes in CABG
patients attending CR at the Toronto Rehabilitation Institute
(TRI) was performed through linkages of multiple clinical and
administrative databases housed at the ICES (formerly known
as the Institute for Clinical Evaluative Sciences) in Toronto,
Ontario, Canada. TRI is one of the oldest rehabilitation in-
stitutes in Canada and across the world; it receives >2400
referrals per year and provides comprehensive CR care in
accordance with the Canadian Association for Cardiac Reha-
bilitation Guidelines.12 ICES is Canada’s largest health ser-
vices research institute and holds multiple population-based
health databases of the Ontario population. ICES is a pre-
scribed entity under Ontario’s Personal Health Information
Protection Act, which allows for researchers to link together
encoded population-based administrative databases and clin-
ical registries for conducting approved research studies under
strict privacy and security policies, procedures, and practices
(see link to Data and Privacy at www.ices.on.ca). The use of
data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act, which
does not require review by a research ethics board. The need
for individual patient consent is waived. These datasets were
linked using unique encoded identifiers and analyzed at ICES.

Study population

All adult CABG patients identified from the CorHealth
Ontario Cardiac Registry (a repository of patients undergoing
any cardiac procedure in Ontario) with a surgery date between
January 1, 1996 and September 30, 2008 who were referred
to TRI were linked at ICES to create our patient population.
All patients were followed to March 31, 2017; this end date
was selected based on the linkages available at ICES when the
dataset creation plan was executed. The index date used for
this study is the “referral date,” defined as the date when the
referral was processed at TRI and contact with the patient was
initiated. Patients who died before the referral date were
excluded, as were those who had a CABG to referral time of

http://www.ices.on.ca
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>365 days. The latter group is unique, and studies have
shown that delayed referral into the CR program is associated
with poorer compliance and outcomes in CABG patients.13

The study cohort was divided into 2 groups (CR and No-
CR), based on attendance. Patients in the CR group were
referred and attended at least one session; the No-CR group
patients were referred but did not attend any CR sessions.

Baseline demographics such as age and sex were derived
from the Registered Persons Database. The ethnic origin was
extracted from the Canadian Immigration Database and the
ICES ethnic database. Variables including body mass index,
hypertension, diabetes, Canadian Cardiovascular Society
Class, left ventricular ejection fraction, previous myocardial
infarction, prior percutaneous coronary intervention, periph-
eral vascular disease, congestive heart failure, chronic
obstructive pulmonary disease, and cerebrovascular disease
were identified in the CorHealth Ontario Cardiac Registry.
The ICES hypertension and diabetes databases were used to
identify missing hypertension and diabetes variables. The in-
come quintile for this study was computed by cross-
referencing patient postal codes with the average household
income by area from census data, with 1 being the lowest.
This was ascertained from completed referral forms and
administrative databases. All the databases had a look-back
window of 15 years. The number of arterial and overall
grafts was based on the physician’s billing through the Ontario
Health Insurance Plan (OHIP).14 Perioperative and post-
operative outcomes were identified by linkage to the Canadian
Institute for Health Information Discharge Abstract Database
(CIHI-DAD) and the International Classification of Diseases,
ninth and tenth revisions (ICD 9 and ICD10) (Supplemental
Table 1). The Ontario Registered Deaths Database was used
to identify all-cause mortality. Patients with an invalid iden-
tification number, with age data missing, or who died on or
before the cohort entry date were excluded.

Toronto Rehabilitation InstitutedCR program

The exposure was defined as referral for CR at TRI and
attendance of at least one CR session. The control group
included CABG patients who were referred for CR at TRI but
did not attend any session. The date of treatment exposure
was the referral date for both groups. A CR referral is routinely
made at the time of discharge following CABG, although it
also can be made afterward by a family physician, cardiologist,
surgeon, or other healthcare professional. The TRI-CR pro-
gram, led by an interprofessional team, consisted of an active
phase of a total of 24 to 36 prescheduled once-per-week su-
pervised aerobic and resistance training exercise sessions over a
6-12emonth period, dietary counseling, stress management,
health education, and smoking cessation. Patients also per-
formed additional home-based physical activities for a total of
5 exercise sessions per week.15

Outcome definition

The primary outcome was MACCE, a composite endpoint
of all-cause mortality, acute myocardial infarction (AMI),
stroke or repeat revascularization (percutaneous coronary
intervention [PCI] or redo CABG). The secondary outcome
was all-cause mortality. The tertiary outcomes were AMI,
stroke, and repeat revascularization. As referral date was used
as the index date for analysis, only outcomes that occurred
after the referral date contributed to the primary outcome,
MACCE. However, we also examined in-hospital periopera-
tive outcomes, including AMI, stroke, and dialysis, as well as
all-cause readmissions that occurred after discharge from the
CABG hospitalization and before the referral date. In-hospital
outcomes (AMI, stroke, and dialysis) and all-cause read-
missions after discharge were treated as covariates in the
adjusted multivariable models, as these nonfatal events may
have occurred differentially between the 2 groups and could
potentially affect the outcomes. However, patients who were
readmitted for AMI, stroke, or repeat revascularization prior
to the referral date (n ¼ 56) were left censored for the
MACCE outcome, as the dataset included only the first date
of any of the post-CABG nonfatal cardiovascular events.
These patients remained in the analysis of mortality, and for
the other individual nonfatal cardiovascular events.

Statistical analyses

Continuous variables were reported as the mean � stan-
dard deviation or median (interquartile range [IQR]), whereas
categorical variables are reported as frequencies and percent-
ages. Baseline demographics were compared between the CR
and No-CR groups using t-tests (continuous data) or c2 tests
(categorical data). A 2-tailed P <0.05 was considered statis-
tically significant. Standardized mean differences were deter-
mined, in order to compare the baseline balance in variables
between the 2 groups (CR vs No-CR), and a standardized
mean difference of >10% was considered to be a substantial
imbalance.16 Kaplan-Meier curves were used to compare the
event-free survival rates for each group. Effect estimates for
CR for the primary and secondary endpoints are presented as
hazard ratios (HRs) and their associated 95% confidence in-
tervals (CIs). A multivariable Cox proportional hazards model
was used to derive a measure of the CR treatment effect in the
unadjusted and adjusted analyses (adjusting for baseline
characteristics, in-hospital outcomes, and all-cause read-
missions before the referral date). Prior to modelling, we
tested for multicollinearity by calculating the tolerance for all
predictor variables. A tolerance value of <0.2 was considered
significant, and in cases with such values, only one member of
a correlated set of variables was retained for the models. The
assumptions of proportional hazards was assessed for MACCE
and all-cause mortality by examining the cumulative hazards
graph for proportional parallel lines (log-negative log survival
graph for “parallel lines”).17 The cumulative incidence func-
tions for AMI, stroke, and repeat revascularization were
determined and Fine-Gray sub-distribution hazard models
were generated, accounting for death as a competing risk.18

To validate our findings, we compared the results to a
model in which we imputed missing data using the Markov
chain Monte Carlo method.19

Secondary analyses

An exploratory secondary analysis was performed based on
the percentage of attendance after multivariable adjustment as
described above, for both MACCE and all-cause mortality,
using a Cox proportional hazards model. The study cohort
was divided into 4 groupsdhigh attendance: >67% (25-36
visits); mid attendance: 33%-67% (17-24 visits); low



Table 1. Baseline characteristics of the CR group and the No-CR group

Variable

CR group No-CR group

Standardized difference Pn ¼ 3,685 n ¼ 1,315

Age, y e62.6 � 9.6 64.0 � 10.5 0.14 < 0.001
Sex
Female 552 (15.0) 270 (20.5) 0.15 < 0.001
Male 3133 (85.0) 1045 (79.5) 0.15
BMI, kg/m2

<25 925 (25.1) 313 (23.8) 0.03 < 0.001
25-30 1793 (48.7) 463 (35.2) 0.28
31-35 702 (19.1) 264 (20.1) 0.03
> 35 215 (5.8) 88 (6.7) 0.04
Missing 50 (1.4) 187 (14.2) 0.49
Income quintile
1 594 (16.1) 286 (21.7) 0.14 < 0.001
2 616 (16.7) 282 (21.4) 0.12
3 640 (17.4) 242 (18.4) 0.03
4 689 (18.7) 251 (19.1) 0.01
5 1146 (31.1) 254 (19.3) 0.27
Surname-based ethnic group
Chinese 92 (2.5) 39 (3.0) 0.03 0.12
General population 3428 (93.0) 1201 (91.3) 0.06
South Asian 165 (4.5) 75 (5.7) 0.06
Charlson Index 0.9 � 0.7 1.0 � 0.7 0.16 < 0.001
Creatinine, mmol
<120 3312 (89.9) 1140 (86.7) 0.10 0.003
120-180 222 (6.0) 91 (6.9) 0.04
> 180 33 (0.9) 23 (1.7) 0.07
Missing 118 (3.2) 61 (4.6) 0.07
CCS class
0 16-20 6-10 0.03
1 228 (6.2) 82 (6.2) 0.00
2 579 (15.7) 179 (13.6) 0.06
3 1045 (28.4) 345 (26.2) 0.05
4 1809 (49.1) 698 (53.1) 0.08
Missing 4-8 1-5 0.01 0.08
LVEF grade
1 1770 (48.0) 563 (42.8) 0.10 < 0.001
2 1269 (34.4) 474 (36.0) 0.03
3 542 (14.7) 224 (17.0) 0.06
4 77 (2.1) 41 (3.1) 0.06
Missing 27 (0.7) 13 (1.0) 0.03
HTN 2502 (67.9) 986 (75.0) 0.16 < 0.001
Diabetes 1159 (31.5) 521 (39.6) 0.17 < 0.001
Hyperlipidemia 2460 (66.8) 882 (67.1) 0.01 0.83
Smoking 2136 (58.0) 798 (60.7) 0.06 0.08
PVD 362 (9.8) 179 (13.6) 0.12 < 0.001
COPD 192 (5.2) 86 (6.5) 0.06 0.07
CVD 271 (7.4) 122 (9.3) 0.07 0.02
Redo CABG 96 (2.6) 47 (3.6) 0.06 0.07
Previous PCI 243 (6.6) 104 (7.9) 0.05 0.10
Previous MI 1299 (35.3) 534 (40.6) 0.11 < 0.001
Previous MI within 30 d 719 (19.5) 225 (17.1) 0.06 0.05
Number of grafts based on OHIP

billing
3.2 � 0.9 3.1 � 0.9 0.12 < 0.001

Missing 90 (2.4) 33 (2.5) 0.00 < 0.001
1 83 (2.3) 38 (2.9) 0.04
2 503 (13.6) 216 (16.4) 0.08
3 1472 (39.9) 551 (41.9) 0.04
4 1191 (32.3) 391 (29.7) 0.06
5 323 (8.8) 80 (6.1) 0.10
6 23 (0.6) 6 (0.5) 0.02
Episode length of stay in days, median

(IQR)
7.0 (6-10) 8.0 (6-12) 0.16 < 0.001

Arterial graft, number
0 240 (6.5) 106 (8.1) 0.06
1 2456 (66.6) 899 (68.4) 0.04
2 796 (21.6) 252 (19.2) 0.06
3 193 (5.2) 58 (4.4) 0.04 0.007
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Table 1. Continued.

Variable

CR group No-CR group

Standardized difference Pn ¼ 3,685 n ¼ 1,315

Left main disease 823 (22.3) 304 (23.1) 0.02 0.35
Proximal LAD þ one or more Cx &

RCA (value: 2)
1918 (52.0) 689 (52.4) 0.01

TVD without proximal LAD (value: 3) 126 (3.4) 56 (4.3) 0.04
SVD of proximal LAD (value: 4) 296 (8.0) 83 (6.3) 0.07
1- or 2-vessel disease or none of the

above (value: 5)
497 (13.5) 171 (13.0) 0.01

Missing disease location 25 (0.7) 12 (0.9) 0.03

Values are n (%) or mean (� standard deviation), unless otherwise specified. The CR group consists of patients who were referred to and attended at least one
CR session. The No-CR group consists of patients who were referred to but did not attend any CR sessions. Previous MI is defined as any MI within 15 years prior
to index CABG. Previous MI within 30 days indicates any MI within 30 days prior to index CABG. Per ICES (formerly the Institute for Clinical Evaluative Sciences
in Toronto, Ontario, Canada) policy, all cells with fewer than 5 events were presented as a range, to avoid patient identification. For standardized difference,< 0.1 is
negligible.

CABG, coronary artery bypass graft; CR, cardiac rehabilitation; CCS, Canadian Cardiovascular Society; COPD, chronic obstructive pulmonary disease; CVD,
cerebrovascular disease; PVD, peripheral vascular disease; HTN, hypertension; LVEF, left ventricular ejection fraction; MI, myocardial infarction; OHIP, Ontario
Health Insurance Plan; IQR, interquartile range; PCI, percutaneous coronary intervention; Cx, circumflex; LAD, left anterior descending artery; RCA, right
coronary artery; SVD, single-vessel disease; TVD, triple-vessel disease.
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attendance: <33% (1-16 visits); and no attendance (0% of
CR sessions, ie, the No-CR group). We sought to determine
whether a doseeresponse relationship existed between CR
attendance and both the primary outcome (MACCE) and
secondary outcome (all-cause mortality).

Per ICES policy, all cells with fewer than 5 events were
presented as a range to avoid patient identification. All ana-
lyses were conducted with SAS version 14.3 (SAS Institute,
Cary, NC).
Results

Study cohort

Of the 98,681 CABG patients who underwent CABG in
the CorHealth Ontario Registry during the study period,
90,654 were linkable to all the necessary databases to ascertain
outcome. During the same time frame, 25,470 patients were
referred to TRI, of which 5,000 had undergone CABG, who
were linked to the ICES datasets (Supplemental Figure S1).
The final cohort of 5,000 patients included 3,685 (73.7%) in
the CR group and 1,315 (26.3%) in the No-CR group. The
median discharge-to-referral time was 32.5 days (IQR: 15-56
days). The median follow-up was 13 years (IQR: 10.0-16.6
years), with a maximum of 20 years.

Overall, patients in the CR group were younger (62.6 �
9.6 vs 64.0 � 10.5 years, P < 0.001), were more likely to be
male (85.0% vs 79.5%, P < 0.001), had lower body mass
index (<30: 73.8% vs 59.0%, P < 0.001), were more likely
to be from a higher income quintile (31.1% vs 19.3%, P <
0.001), and had fewer cardiac comorbidities compared to the
No-CR patients (Table 1).

Early outcomes

There were no significant differences between groups with
respect to the unadjusted in-hospital outcomes (CR vs No-
CR, for AMI: 2.1% vs 1.4%, P ¼ 0.09; stroke: 0.8% vs
0.8%, P ¼ 0.92; and dialysis: 2.4% vs 3.3%, P ¼ 0.05;
Supplemental Table S2). Patients in the CR group had fewer
all-cause readmissions (excluding readmissions for cardiac
events) prior to the referral date, compared with the No-CR
group (6.2% vs 9.4%, P < 0.001; Supplemental Table S2).
The number of readmissions for PCI prior to the referral date
was also lower for CR, compared with No-CR patients (0.2%
vs 0.6%, P ¼ 0.03; Supplemental Table S2).

Late outcomes: MACCE and all-cause mortality

MACCE-free survival and survival were significantly
higher in the CR patients after adjusting for baseline charac-
teristics and outcomes prior to the referral date (see
Supplemental Tables S3 and S4 for full models). Freedom
from MACCE at 10, 15, and 20 years was 69.9%, 50.9%,
and 27.1% in patients who attended CR, compared to
65.4%, 45.2%, and 21.9% in those who did not (HR 0.83,
95% CI 0.75-0.91, P < 0.001; Fig. 1). At 10, 15, and 20
years, survival was 84.0%, 66.3%, and 38.2% in the CR
group, whereas survival was 80.1%, 60.1%, and 31.4% in the
No-CR group (HR 0.76, 95% CI 0.68-0.84, P < 0.001;
Fig. 2). Event rates and corresponding HRs at 5, 10, 15, and
20 years are shown in Table 2.

The crude MACCE and survival Kaplan-Meier curves are
depicted in Supplemental Figure S2a and b.

Late outcomes: Nonfatal cardiovascular events

There was a lower incidence of stroke at 20-year follow-up
in the CR group compared to the No-CR group (adjusted
sub-distribution HR 0.76, 95% CI 0.60-0.96, P ¼ 0.02) after
accounting for death as a competing risk. There was no sta-
tistically significant difference in AMI (adjusted sub-
distribution HR 0.84, 95% CI 0.71-1.01, P ¼ 0.06) or
repeat revascularization (adjusted sub-distribution HR 0.90,
95% CI 0.75-1.07, P ¼ 0.24) during the follow-up period
(Table 3). Event rates and corresponding adjusted sub-
distribution hazard ratios at 5, 10, 15, and 20 years are
shown in Supplemental Table S5.

Additionally, in a post hoc fashion, the CR group had a
lower risk of the composite outcome of AMI, stroke, or repeat
revascularization, as compared to the No-CR group (adjusted



Table 2. (Adjusted) time-to-event analysis for primary and secondary
outcome

Outcome
CR group,
% (95% CI)

No-CR group,
% (95% CI) HR (95% CI)

Freedom from MACCE
5-y 86.1 (85.1-87.1) 83.6 (82.3-85.0) 0.71 (0.60-0.83)
10-y 69.9 (68.6-71.3) 65.4 (63.4-67.6) 0.80 (0.72-0.89)
15-y 50.9 (49.3-52.6) 45.2 (42.7-47.9) 0.80 (0.74-0.86)
20-y 27.1 (24.7-29.8) 21.9 (19.2-25.1) 0.83 (0.77-0.89)
Freedom from all-cause mortality
5-y 94.9 (94.4-95.5) 93.5 (92.7-94.3) 0.56 (0.44-0.73)
10-y 84.0 (83.0-85.0) 80.1 (78.6-81.7) 0.75 (0.66-0.85)
15-y 66.3 (64.9-67.8) 60.1 (57.9-62.4) 0.77 (0.71-0.83)
20-y 38.2 (35.8-40.8) 31.4 (28.5-34.6) 0.78 (0.72-0.83)

The data in the table are the adjusted Kaplan-Meier estimates with the
95% CI. The CR group consists of patients who were referred to and attended
at least one session. The No-CR group consists of patients who were referred
to but did not attend any sessions.

CR, cardiac rehabilitation; HR, hazard ratio; CI, confidence interval;
MACCE, all-cause mortality, myocardial infarction, stroke, or repeat
revascularization.

Figure 1. Adjusted Kaplan-Meier curve for 20-year freedom from major
adverse cardiac and cerebrovascular events (MACCE) for the cardiac
rehabilitation (CR) vs No-CR groups. eThe CR group consists of pa-
tients who were referred to and attended at least one CR session. The
No-CR group consists of patients who were referred to but did not
attend any CR sessions. MACCE is defined as a composite endpoint of
all-cause mortality, acute myocardial infarction, stroke, or repeat
revascularization. The shaded area represents the 95% confidence
interval. MACCE was lower in patients who attended CR compared to
those who did not attend.
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sub-distribution HR 0.85, 95% CI 0.75-0.96, P ¼ 0.013),
after accounting for death as a competing risk.

Secondary analysis

We evaluated the association of low, medium, and high
CR attendance on MACCE and mortality. Baseline charac-
teristics (Supplemental Table S6) and early outcomes were
compared among the 4 subgroups (Supplemental Table S7).
Figure 2. Adjusted Kaplan-Meier curve for 20-year freedom from all-
cause mortality for the cardiac rehabilitation (CR) vs No-CR groups.
eThe CR group consists of patients who were referred to and attended
at least one CR session. The No-CR group consists of patients who
were referred to but did not attend any CR sessions. The shaded area
represents the 95% confidence interval. Overall survival was higher in
the CR group, compared to the No-CR group.
There was no benefit from low CR attendance compared
to No-attendance for either MACCE or all-cause mortality.
There was a graded response, with medium attendance as the
minimum effective CR dosedthe best results were observed
in the high CR attendance group (Fig. 3; Supplemental
Fig. S3a and b).

Sensitivity analysis

There was less than 4% missing data, and the findings were
robust after multiple imputations for missing data. Five
imputed datasets were created, and the summarized results
across the 5 models were compared to the Cox model fit on
the original data. In the adjusted analyses, CR continued to be
associated with an improvement in MACCE (HR 0.86, 95%
CI 0.7s8-0.93, P ¼ 0.0008) and all-cause mortality (HR 0.81,
95% CI 0.73-0.89, P < 0.0001).
Discussion
To our knowledge, the current study is the first to evaluate

the outcomes of freedom from MACCE and survival in
CABG patients attending CR over 2 decades of follow-up.
There were several important findings:

(i) CABG patients who attended CR following hospital
discharge had decreased MACCE and improved survival
over the entire follow-up period.

(ii) A high level of CR attendance, defined as > 67%, was
associated with improved outcomes, as compared to a low
level of attendance (defined as < 33%).

(iii) A significant reduction in stroke was observed in patients
who attended CR compared to those that did not attend
CR.

Although some previous studies have investigated the po-
tential long-term benefits of CR, these studies focused on the
entire CAD population rather than only patients with
advanced CAD that required CABG,4,11 and they did not
assess longitudinal composite outcomes such as
MACCE.6-8,11 Although it is from a single centre, our study is
unique in that we had a moderately large sample size of 5,000



Table 3. (Adjusted) sub-distribution HR for AMI, stroke, and repeat revascularization (PCI or CABG) with death as a competing risk at 20-year follow-up

Variable CR group (n ¼ 3,685) No-CR group (n ¼ 1,315) HR (95% CI) P

AMI 529 (14.3) 243 (18.4) 0.84 (0.71-1.01) 0.06
Stroke 267 (7.2) 140 (10.6) 0.76 (0.60-0.96) 0.02
Repeat revascularization (PCI or

CABG)
579 (15.7) 216 (16.4) 0.90 (0.75-1.07) 0.24

Values are number of events (%), unless otherwise indicated. eThe CR group consists of patients who were referred to and attended at least one CR session. The
No-CR group consists of patients who were referred to but did not attend any CR sessions.

AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CI, confidence interval; CR, cardiac rehabilitation; HR, hazard ratio; PCI, percutaneous
coronary intervention,
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patients, a large number of events, and complete 20-year
follow-up for both survival and freedom from a composite
of nonfatal cardiac events.

In the Cochrane meta-analysis published in 2016,
including 63 RCTs of patients diagnosed with CAD, exercise-
based CR was associated with a significant reduction in car-
diovascular mortality, (relative risk [RR] 0.74, 95% CI 0.64-
0.86), whereas all-cause mortality was similar in the 2 groups
(RR 0.96, 95% CI 0.88-1.04) at a median 1-year follow-up.4

However, over a longer follow-up period, a large registry-
based study from Alberta, Canada of over 13,000 CAD pa-
tients reported improved survival with CR at a median of 6
years (HR 0.57, 95% CI 0.52-0.63, P < 0.001).7 Addition-
ally, in the Cardiac Rehabilitation Outcome Study meta-
analysis, 10 observational studies of patients with acute cor-
onary syndrome reported a significant reduction in mortality
after CR participation at a mean follow-up of 40 months
(odds ratio 0.20, 95% CI 0.08-0.48).11 Overall, these findings
suggest that there may be mid-term benefits from CR in pa-
tients with any CAD.

The evidence base around the benefit of CR in those with
extensive CAD requiring CABG is smaller. The Cardiac
Rehabilitation Outcome Study meta-analysis included only 5
observational studies that reported on the CABG subgroup
(n¼ 14,583) and found reduced mortality at a mean follow-up
of 40 months (HR 0.62, 95% CI 0.54-0.70) after participating
in CR within 3 months of hospital discharge.11 Separately, Lee
et al., in a separate Korean study, found a 20% reduction in all-
Figure 3. Forest-plot showing stepwise comparison between levels of cardia
No-CR for the primary outcomedmajor adverse cardiac and cerebrovascul
MACCE is defined as a composite endpoint of all-cause mortality, acute myoc
includes cardiovascular-related mortality and all other causes of mortality. (H
mid attendance as having attended 33%-67%, low attendance as having atte
stepwise graded response, for mid-level and high-level of attendance, but th
cause mortality after phase I (at least one in-hospital CR ses-
sion), including 1097 CR attendees , and a 40% reduction after
phase II (outpatient CR) of 379 CR attendees within 3 months
of discharge after CABG in a propensity-matched CABG reg-
istry cohort.9

In the same Cochrane meta-analysis, exercise-based CR
was not associated with a lower incidence of AMI (RR 0.90,
95% CI 0.79-1.04) or need for repeat revascularization with
either CABG (RR 0.96, 95% CI 0.80-1.16) or PCI (RR 0.85,
95% CI 0.70-1.04).4 Similar to the Cochrane findings, in our
study, repeat revascularization was similar in the 2 groups
(15.7% vs 16.4%, P ¼ 0.24, adjusted sub-distribution HR
0.90, 95% CI 0.75-1.07). However, there was a trend toward
a reduction in new myocardial infarction (14.3% vs 18.4%,
P ¼ 0.06, adjusted sub-distribution HR 0.84, 95% CI 0.71-
1.01) throughout the follow-up period. We also observed a
lower incidence of stroke at 20-year follow-up in the CR
group, compared to the No-CR group (adjusted sub-
distribution HR 0.76, 95% CI 0.60-0.96, P ¼ 0.025), after
accounting for death as a competing risk. To our knowledge,
the reduction in stroke in this population is a novel finding.
Furthermore, patients in the CR group had a lower incidence
of the composite of AMI, stroke, and repeat revascularization
in competing risk analysis, suggesting that a reduction in
nonfatal outcomes may be a driver for reduced mortality.

Although we showed that any CR attendance was associated
with better outcomes, a doseeresponse effect was also
demonstrated in our analysis, which highlights the importance
c rehabilitation (CR) attendancedhigh vs mid, mid vs low, and low vs
ar events (MACCE) and the secondary outcomedall-cause mortality.
ardial infarction, stroke, or repeat revascularization, all-cause mortality
igh attendance was defined as having attended> 67% of CR sessions,
nded < 33%, and no attendance as having attended 0%). There was a
ere was no CR effect with low attendance. HR, hazard ratio.
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of a high level of participation in CR. Although the Cochrane
meta-analysis compared subgroups of high and low CR atten-
dance and did not find a significant difference, point estimates
for both levels of intervention favored CRdthis lack of dif-
ference may be related to sample size and length of follow-up.4

Consistent with our analysis, a single-centre observational
Australian study found a doseeresponse survival benefits
associated withCR in patients who underwent revascularization
with CABG or PCI following AMI at late 14-year follow-up.
Low CR attendance (<25%) was associated with a higher
risk of all-cause mortality, although the CI was wide (odds ratio
2.57, 95% CI 1.04-6.38), likely reflecting the relatively small
sample size of 544 total patients.8 A secondary interpretation of
our doseeresponse finding is that the overall CR effect seen in
our primary analysis is a true treatment effect rather than one
related to unmeasured confounders.

Limitations

This observational study must be interpreted in the context
of some significant limitations. As TRI is one of the oldest and
largest rehabilitation centers in Ontario, findings from our
single-centre study may not be easy to replicate at recently
established rehabilitation centres in smaller communities,
which may reduce external generalizability. The retrospective
nature of this study raises concerns regarding measured and
unmeasured confounders, which may not have been
completely resolved despite extensive adjustments in multi-
variable models. In particular, although we used neighbour-
hood income quintile as a surrogate measure for socioeconomic
status, we recognize that there are limitations to this approach
and that true socioeconomic status measures include other
factors such as education, available social supports, and mental
health. Studies have shown that patients who undergo CR are
more likely to be from higher socioeconomic status groups, and
higher socioeconomic status is associated with improved out-
comes.20 Furthermore, our study compared only those patients
that were referred to CR; those that underwent CABG and
were not referred to CR may differ. Although our exposure
definition for the CR group was any attendance, we note that
the majority of patients had moderate to high attendance
(86.5% of the cohort). Furthermore, our dataset does not
capture compliance with the program outside of in-person
sessions. Also, we did not look at outcomes accounting for
time to referral, which had an IQR of 15-56 days. Therefore,
we cannot conclude from this study that these long-term
outcome differences are attributable to early referral. We
analyzed the time-to-first-event; the inclusion of recurrent
nonfatal cardiac events may be informative. Although a dosee
response effect was observed, this may reflect a change in pa-
tient behavior rather than being a function of program effec-
tiveness. A systematic review of 29 studies across various
countries showed that factors related to CR attendance and
compliance followed a determined pattern, irrespective of the
CR program.21 In addition, our study population is not a true
contemporary cohort, as the final year was 2008; however, the
key features of CR have remained the same over the past
decade. Finally, we acknowledge that it is possible that the
long-term outcome difference we observed may be attributable
to the differences in lifestyle/exercise during the follow-up
period rather than to CR referral itself.
Conclusions
Overall, this study highlights the importance of both pa-

tient referral to and enrollment in CR, with sustained
participation, for improved outcomes after CABG.
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