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Abstract

Background: Exercise-based CR is a crucial part of
secondary prevention for patients after coronary artery
bypass grafting. Yet little is known about the dose–
response relationship.

Design: Retrospective cohort study

Methods: We used data from the Cheng Hsin General
Hospital (CHGH) database to identify patients who had
undergone CABG between January and December 2008.
261 patients (102 in the CRG and 159 in the NCRG) were
evaluated. We investigated whether a dose–response
relationship existed among CR attendance, exercise
intensity progress proportion (EIPP), and the short-term
event-free rate. For the CRG, the CR attendance was
classified into 2 categories of ≥ 6 and < 6 sessions; EIPP
was derived from intensity difference ratio between the
first and last training session, and classified in to 2
categories of ≥ 12% and < 12%. The outcome in the 6-year
follow-up was the events free rate of cardiovascular
events.

Results: The event-free survival rate was 59.8% for the
CRG and 42.8% for the NCRG. The event-free survival rate
was 57.8% in patients who attended ≥ 6 sessions and
61.4% in patients who attended < 6 sessions. The event-
free rate between EIPP ≥ 12% and < 12% were 66.7%
versus and 60.5% (HR: 0.601 vs. 0.482, 95% CI: 0.243–
0.956 vs. 0.358–1.008).

Conclusions: CR is associated with more favorable
outcomes in CAD patients.CR attendance and EIPP ≥ 12%
are associated with higher event free survival rate. Our
results support national policy that CR is recommended
for CABG, and recommended exercise dose for clinical
prescription.
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Coronary artery bypass surgery; Cardiac rehabilitation

Introduction
Atherosclerosis-related coronary heart disease (CHD) has

remained the leading cause of death globally for the past 40
years, accounting for one-third of all-cause mortality deaths,
and its incidence is increasing by the each year in Taiwan [1,2].
Effective interventions that facilitate slowing CHD progression
are essential and must be applied where appropriate.
According to the American College of Cardiology/American
Heart Association guidelines for the secondary prevention of
CHD in patients with coronary and other atherosclerotic
vascular diseases, a cardiac rehabilitation (CR) program should
comprise appropriate exercise training; smoking cessation;
blood pressure, sugar, and lipid management; and weight
control [3-5]. Secondary prevention can control risk factors
and reduce the degree of restenosis and mortality [6-9]. Lack
of appropriate secondary prevention may lead to cardiac
problems, requiring another invasive intervention.

Exercise-based CR is a crucial part of secondary prevention.
CR can reduce risk factors and improve exercise capacity and
survival after percutaneous coronary intervention (PCI) and
coronary artery bypass grafting (CABG). Furthermore, CR can
enhance peak VO2; alleviate dyspnea or fatigue symptoms;
improve oxygen utilization and quality of life; and reduce
sympathetic tone [8,9].

Recently, most studies have reported that exercise-based CR
reduces all-cause mortality by 15%–28% [6-9]. Adherence to
CR may influence the survival benefits associated with CR.
Studies have investigated the relationship between CR
attendance and mortality, but the findings are mixed. In
Sweden, CR attendance was associated with reduced mortality
after 10 years but not after 5 years [10,11]. In a study on 846
CABG patients who received CR after surgery, a strong
relationship was observed between CR attendance and long-
term mortality reduction [8]. In a study on 544 coronary artery
disease (CAD) patients, patients with < 25% CR attendance had
a 2-fold higher mortality risk than did those with > 75% CR
attendance. The study sample predominantly comprised
younger men (73%; mean age, 62.5 ± 11.3 years) [10]. Several
studies have reported that conditions such as traffic and work
were the main reasons for poor attendance to an exercise-
based CR program. Thus, programs that require minimum
attendance and an enhanced exercise intensity progression
proportion (EIPP) are essential for patients to undertake
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home-based exercise at an early stage, thus facilitating
exercise regularity and promoting secondary prevention.

In this 6-year follow-up study, we examined the relationship
between CR attendance and the cardiovascular event-free rate
after CABG. Furthermore, we investigated whether a dose–
response relationship existed among CR attendance, exercise
intensity, and the short-term event-free rate.

Methods

Study population
In this retrospective cohort study, we evaluated the short-

term event-free rate of patients after CABG. We used data
from the Cheng Hsin General Hospital (CHGH) database to
identify patients who had undergone CABG January and
December 2008 and excluded those who underwent combined
surgery, those contraindicated for exercise, and those aged <
18 years. We included 266 patients (205 men, 78.5%) who had
undergone CABG. To evaluate disease severity and avoid
survival bias, we excluded 5 patients who died during
hospitalization. All patients were encouraged to attend the CR
program and retrospectively followed up for 6 years to
determine their CR attendance and acute event incidence. All
participants signed informed consent form before inclusion.

Exercise training intervention
The CHGH database was used for identifying patients who

attended CR and those who did not (CR group [CRG] and NCR
group [NCRG], respectively). Attendance was determined using
the CR data in the CHGH database. In the CRG, CR attendance
was defined as attendance of at least 1 outpatient session
within 3 months of the index CABG. All patients who attended
CR received aerobic exercise training and lifestyle counseling
according to the guidelines of the American College of Sports
Medicine (ACSM) and American Association of Cardiovascular
and Pulmonary Rehabilitation. Most patients underwent a
graded exercise test at the baseline as part of an exercise
prescription. They were prescribed exercise for 20–40 minutes
3 times per week. The training program comprised warm-up,
training, and cool-down phases. The training intensity
depended on the anaerobic threshold (AT) obtained through
the submaximal symptom-limited exercise test. If the patients
did not achieve the AT, the peak VO2 was considered the
training target.

In the NCRG, patients did not attend CR and received only
accepted routine medical care. Furthermore, they did not
receive any personal exercise consultations.

Study variables
The CHGH database was used for identifying patients who

attended CR. The CR attendance rate was calculated as the
number of sessions attended in 3 months divided by the
number of CR sessions available in 3 months. The exercise
intensity progression proportion was determined according to
the proportion of the difference between the peak intensities

achieved in the first and last sessions divided by the peak
intensity achieved in the first session.

We searched inpatient files and reviewed medical charts to
obtain basic data (sex, date of birth, height, weight, date of
surgery, and discharge) as well as data on clinical
characteristics (CAD risk factors, the New York Heart
Association [NYHA] classification for heart failure, preoperative
left ventricular function [preserved, mild, moderate, or severe
dysfunction], coronary stenosis severity [number of artery
stenoses], the use of left internal mammary artery grafts, and
the ischemic time and pumping time), critical events
(morbidity during hospitalization caused by acute renal failure
and myocardial infarction [MI] during or after surgery), and
functional performance (training intensity at first and last
sessions, peak VO2, and %VO2 pred). The peak VO2 was
derived from an exercise pulmonary function test (EPFT) using
a modified Bruce protocol or a stationary bike ramp protocol.

Endpoints (outcomes)
The primary outcome in the 6-year follow-up was the

incidence of cardiovascular events, such as death, which was
ascertained using a 2-stage approach. All data on
cardiovascular events, cardiac-related emergency room visits,
repeat PCI, or repeat CABG were from charts. First, the vital
status of the patients was extracted from the CHGH
registration database. Second, patients with no record of
death on the charts (indicated as alive) were ultimately
censored on December 31, 2014. Patients who were not
followed up in the outpatient department of CHGH were
considered alive, and the last date of follow-up was obtained.
The number of patients who developed cardiac events,
including death and nonfatal MI, and underwent repeat CABG
or percutaneous transluminal coronary angioplasty was
identified, and the time to the first cardiac event was
calculated.

Statistical Analysis
Baseline basic and clinical data are reported as means or

proportions. To identify covariates that must be controlled in
predictive analyses, we assessed the significance of any
difference in baseline variables between the CRG and NCRG by
using χ2 (for binary variables) and t tests (for continuous
variables). Survival was described using the event-free rate. To
describe the event-free rate of the study population, we
plotted cumulative incidence estimates by using a single
Kaplan–Meier curve for all patients and separate Kaplan–
Meier curves for patients in the CRG and NCRG. We evaluated
the differences between the separate curves by using the log-
rank test. For these analyses, the time at risk began on an
event date and ended on the date of death or December 31,
2014.

To assess the relationship between the attendance and
event-free rates, we constructed survival models. For the CRG,
the CR attendance did not follow a normal distribution and
was therefore classified into 2 categories of ≥ 6 and < 6
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sessions. A 2-sided P value of .05 was considered statistically
significant.

To assess the relationship between the exercise intensity
progression proportion (EIPP) and the event-free rate, we
constructed additional survival models. For the CR group, EIPP
was derived from the maximal intensity difference between
the first and last session divided by the %VO2 at the first
session. This variable did not follow a normal distribution and
was therefore classified into 2 categories, ≥ median and <
median, on the basis of attendance.

Results
In this study, 266 post-CABG patients admitted to CHGH

between January 2008 and December 2008 were selected.
Five of the 266 patients who died during hospitalization were
excluded, and the remaining 261 patients were enrolled. The
number of patients was 102 and 159 in the CRG and NCRG,
respectively. Basic demographic and clinical characteristics are
listed in Table 1. The demographic data did not differ
significantly between the 2 groups, except for age, ischemic
time, and pumping time (Table 1). The mean follow-up period
was 64.9 ± 23.7 months, and the event-free rate was 78.5%.

Table 1 Basic demographic and clinical characteristics.

All CRG NCRG

Numbers 261 102
39.10
% 159 60.90%

Age * 63.9 -10.5 62 -10.8 65 -10.2

Male 205
78.50
% 78

76.50
% 127 79.90%

Female 56
21.40
% 24

23.50
% 32 20.10%

BMI 26.2 -3.7 26.2 -3.5 26.1 -3.8

LMD 60
21.50
% 26

32.50
% 34 25.00%

SVD 7 3.30% 3 3.80% 4 3.00%

DVD 39
18.30
% 12

15.00
% 27 20.00%

TVD 166
77.90
% 64

80.00
% 102 76.70%

NYHA

Class I 47
18.00
% 24

23.50
% 23 16.30%

Class II 121
46.40
% 38

37.30
% 83 75.20%

Class III 22 8.40% 9 8.80% 13 9.20%

Class IV 37
14.20
% 15

14.70
% 22 15.60%

Risk factors

HTN 184
70.50
% 69

67.60
% 115 72.30%

DM 109
47.80
% 48

47.10
% 61 38.40%

Abnormal lipid
profile 140

53.60
% 61

59.80
% 79 49.70%

Family Hx 80
30.70
% 38

37.30
% 42 26.40%

Hos duration 18.7 -21.9 16.2 -6.9 20.3 -27.5

ischemic time* 84.2 -36.7 77 -33.8 88.1 -35.9

pumping time*
136.
2 -50.5

119.
3 -43.3

144.
5 -51.2

Data are presented as mean (SD) or No. of patients (%).

BMI: Body Mass Index, HTN: Hypertension, DM: Diabetes
Mellitus, Hos duration, duration of hospital stay.

CR sessions and event-free rate
According to the ACSM risk stratification guidelines, patients

in classes A and B were recommended to attend at least 6 CR
sessions. The mean number of CR sessions was 13.3 ± 12.9 in
the CRG. Patients who participated in CR had a significantly
higher 6-year event-free rate than that of patients who did not
participate (P < .01). The event-free survival curves for 6 years
revealed that the event-free rate was 59.8% for the CRG and
42.8% for the NCRG. The event-free survival rate was 57.8% in
45 patients who attended ≥ 6 sessions and 61.4% in 57
patients who attended < 6 sessions. KM event-free survival
curves of CR attendance based sessions ≥ 6 sessions versus < 6
sessions was shown in Figure 1. The event-free survival rates
were not significantly different between the 2 groups of the
CRG, but they were significantly higher than those of the NCRG
(event-free rate: 42.8%).

Figure 1 Kaplan–Meier survival estimates for patients who
participated in cardiac rehabilitation (red and green lines for
≥6 and <6 sessions, respectively) versus no participation
(blue line; P < .01).
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EIPP and event-free rate
In the CRG, the intensity difference ratio between the first

and last training sessions represented EIPP. ROC curve analysis
revealed a significant intensity difference (12%) in the 6-year
follow up. But 32 patients in CRG joined only 1 CR session.
These patients were exclude for EIPP calculation. We divided
the CRG into 2 subgroups as follows: EIPP ≥ 12% (n = 27), and
EIPP < 12% (n = 43). No significant difference was observed in
the event-free rate between the 2 groups (66.7% versus
60.5%); however, event-free rate in both subgroups was
significantly higher than that in the NCRG (42.8%). KM event-
free survival curves of EIPP based EIPP ≥ 12% versus < 12% was
shown in Figure 2.The hazard ratios [HRs] of the training
intensity difference in both subgroups ( ≥ 12% and < 12%)
were significantly higher in the NCRG than in the CRG (HR:
0.601 vs. 0.482, 95% CI: 0.243–0.956 vs. 0.358–1.008).

Figure 2 Kaplan–Meier survival estimates for the exercise
intensity progression proportion (red and green lines for
≥12% and <12%, respectively) versus no participation (blue
line) (P < .01).

Discussion
Previous studies have suggested that CR is associated with

more favorable outcomes in CAD patients, and clinical trials
have suggested that CR is beneficial to health [6,9,10,12-15]. In
our study, we extended the findings of previous studies by
examining a cohort of CABG patients, using the suggested
proportion of exercise intensity progression between the first
and last CR sessions, assessing both the event-free rate and
EIPP, and exploring the relationship between CR patterns and
the event-free rate.

In our study, the CRG was associated with a higher event-
free rate than that of the NCRG, which is consistent with the
findings of previous studies [6,8,9]. The CRG patients were
strongly encouraged to lead an active lifestyle and received
intensive supervised exercise training. On average, the CRG
patients joined 13.3 ± 12.9 sessions in 3 months. Physical
training may reduce mortality and morbidity in CAD patients

[6] (Table 2). A comprehensive CR program improved the long-
term prognosis and reduced the need for hospital care in
CABG- and MI-based studies [7,8]. These findings support the
U.S. guidelines and coverage policies that recommend CR
participation after CABG [8].

Table 2 Mortality and morbidity.

All CRG NCRG

Events

mortality 7 4.50% 8 3.10% 5 3.20%

Cardiac ER
5
1

19.20
% 18

17.60
% 34

21.50
%

Re-CABG 0 0 1 1% 0 0

Re-PCI 9 8.80%

Re-cath 0 0 13
12.70
% 0 0

Mean time to death
(month)

74.
7 -4.6

70.
8 -16

Mean time to first
cardiac event (month)

64.
9 -23.7

58.
9 -27.8

A few studies have investigated the exercise dose–response
relationship. All of these studies assessed the relationship
between the number of exercise sessions attended and the
mortality or event-free rate [6,9,23]. However, regarding
clinical implications, functional performance was associated
with exercise intensity. Exercise training can significantly
improve peak oxygen consumption, the exercise duration, the
resting heart rate, and quality of life. Our study was the first to
investigate the relationship between EIPP and the event-free
rate. If EIPP is ≥ 12% compared with the baseline value, the 6-
year event-free rate decreases significantly.

In this study on post-CABG patients who did and did not
participate in CR, we observed no significant dose–response
relationship. No significant difference in the event-free rate
was observed for the 2 CR attendance groups, but the event-
free rate in the CRG was significantly higher than that in the
NCRG during the 6-year follow-up. We speculate that the
number of CR sessions might not affect the results. Evidence
on the dose–response relationship between CR and event-free
survival rate among patients with CHD is mixed. Most authors
have reported benefits associated with an increasing number
of CR sessions and a dose response to exercise [9,10,12,15-23].
The mortality rate significantly decreased in patients who
attended ≥ 25 CR sessions [15-23]. The mortality risk was 2-
fold higher in patients with acute MI, CABG, or PCI and ≤ 25%
CR attendance than in those with ≥ 75% attendance [10]. The
1- and 5-year mortality rates decreased by 58% and 19%,
respectively, in patients who attended more CR sessions. A
community-based study reported that CR participation was
significantly associated with an approximately 45% reduction
in all-cause mortality. Although the number of sessions
attended was not associated with long-term mortality, after
adjustment for age, sex, and the Charlson index, [8] a 1%
decrease in mortality was observed with each additional
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session attended (unadjusted HR, 0.99; 95% CI, 0.98–0.99) [6].
Each additional CR session was associated with a 6% (HR, 0.94;
P < .001) lower risk of MI [9].

Our study strongly supports the notion that CR participation
reduces the event-free rate. However, this study was limited by
several factors. First, our data were obtained from a single
medical center, and the patient population might be limited.
The medical center is the first comprehensive heart center in
Taiwan and was visited by patients from throughout Taiwan;
thus, the findings of this study are highly generalizable.
Second, a potential for bias exists because of the unmeasured
underlying health statuses of patients. Patients who attended
< 6 CR sessions may be generally healthier than those who did
not attend CR sessions. In addition, there may be residual
confounding by the health status even among these patients,
although the direction in which the health status may bias the
results is unclear. Healthier patients may not feel motivated to
attend CR and may be likely to attend fewer sessions than
other patients do. Furthermore, less healthy patients cannot
tolerate CR and thus may attend fewer sessions than their
healthy counterparts do. Third, patients might be lost to
follow-up at the original hospital, and hence the primary
endpoint may be lost. However, our research assistant made
specific phone calls to follow up with the patients.

Conclusions
CR is associated with more favorable outcomes in CAD

patients.CR attendance and EIPP ≥ 12% are associated with
higher event free survival rate. Our results strongly support
national policy that CR is recommended for CABG.
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