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Objective: To evaluate the effects of cardiac rehabilitation on the recovery of heart

rate over 1 min after peak exercise of patients who received coronary artery bypass

graft (CABG) surgery.

Design: Thirty subjects who received CABG surgery were randomly assigned to

enter or not enter a cardiac rehabilitation exercise programme (cardiac rehabilitation

n�/15; control group n�/15).

Setting: Outpatient cardiac rehabilitation centre in a national medical hospital.

Interventions: Patients assigned to the cardiac rehabilitation group received 36

sessions of the exercise programme, three times a week, with the intensity designed

to achieve an individual 60�/85% peak heart rate in cardiopulmonary exercise test.

Patients assigned to the control group did not get further advice about a specific

exercise programme.

Main outcome measures: Resting heart rate and recovery of heart rate over

1 min after a peak exercise test at discharge and three months later

were collected. The heart rates were analysed with computer-recorded

electrocardiogram.

Results: At follow-up, the 15 patients in the cardiac rehabilitation group had a

significantly lower resting heart rate (77.469/9.49 versus 92.319/10.18 bpm;

pB/0.001) and a significantly higher recovery of heart rate over 1 min (16.389/6.32

versus 11.389/4.81 bpm; p�/0.03) compared with the control group. There were

also significant reductions in resting heart rates (cardiac rehabilitation pB/0.001;

control p�/0.05) and improvements in recovery on heart rate over 1 min (cardiac

rehabilitation pB/0.001; control p�/0.001) compared with baseline measurements in

both the cardiac rehabilitation and control groups.

Conclusion: Cardiac rehabilitation had a positive effect on the improvement of

recovery on heart rate over 1 min in patients with coronary artery disease who

received CABG surgery.
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Introduction

Secondary prevention of coronary heart disease
and increased exercise tolerance in patients who
have received coronary artery bypass graft
(CABG) are the main goals of cardiac rehabilita-
tion. Phase II cardiac rehabilitation programmes
are associated with significantly improved exercise
tolerance and functional capacity, increased psy-
chosocial well-being, alleviating activity-related
symptoms, reducing disability and decreasing car-
diovascular morbidity and mortality.1�3 Tachycar-
dia, a delegate of activation of sympathetic tone, is
a common condition in patients who have just
received CABG surgery. This phenomenon may be
due to the damage of myocardial tissues, or a stress
response to surgery, thus activating the sympa-
thetic tone.4�6 Reduced heart rate variability is a
sign of autonomic dysfunction and has strong
adverse effects on subsequent outcomes in patients
with ischaemic heart disease. Data from Katona
et al. ’s studies of autonomic function on healthy
people during exercise showed that increasing
heart rate is due first to the withdrawal of
parasympathetic tone, and then due to the activa-
tion of sympathetic tone.5 In healthy people,
exercise training can initiate a reset in the barore-
flex to a higher blood pressure set point and
decrease resting heart rate in young and ageing
people.6 During exercise, most of the heart rate
increase up to 100 beats/min is caused by vagal
withdrawal. Above a heart rate of 100 beats/min,
heart rate is increased by sympathetic activation of
cardiac adrenoreceptors by noradrenaline. After
exercise, reactivation of the vagal tone causes the
fall in heart rate.7,8 Cardiac rehabilitation is
associated with significant improvements in auto-
nomic markers of neural regulation of the sinoa-
trial node, such as increase in R�/R interval
(derived from ECG recording), in its variance
and in overall spontaneous baroreflex.6,7

Heart rate recovery immediately after exercise, a
reflection of vagal activity, has been demonstrated
to be a predictor of overall mortality.8,9 That is,
patients with fast recovery of heart rate over 1 min
after peak exercise have a lower mortality rate
compared with patients with slower heart rate
recovery. A comprehensive cardiac rehabilitation
programme offered to patients after coronary ar-
tery bypass surgery has been shown to improve the

long-term prognosis and reduce the need for
hospital care.7,10�12 Lucini and colleagues pro-
posed that the cardiac rehabilitation exercise
programme is associated with significant improve-
ment in the autonomic regulation of the sinoatrial
node; however, the heart rate recovery was not
addressed in their research.7 Nishime and co-
workers hypothesized that cardiac rehabilitation
would favourably impact heart rate recovery by
modulating autonomic function, but their results
showed only the tendency of improved heart rate
recovery after cardiac rehabilitation.13 Kligfield
and associates investigated the effect of age and
gender on heart rate recovery in patients with
stable angina or after myocardial infarction, cor-
onary artery bypass surgery or percutaneous
intervention. Although the recovery of heart rate
increased after exercise training in men and women
of all ages, the measurement of heart rate recovery
was evaluated after the submaximal effort, not the
peak exercise.14

Exercise training has been shown to modify the
sympathovagal control of heart rate toward an
increase in parasympathetic tone, and the im-
proved vagal activity is associated with reduced
death risk from cardiac events.6,14 Although the
cardiac rehabilitation exercise programme is a
standard therapy for patients after a cardiac event,
especially for people who have received CABG, the
relationship between a cardiac rehabilitation ex-
ercise programme and heart rate recovery has not
been clearly demonstrated.

The purpose of this study is to investigate if the
phase II cardiac rehabilitation exercise programme
has a positive effect on recovery of heart rate over
1 min after peak exercise in patients with CABG.

Methods

Thirty subjects receiving CABG surgery partici-
pated in this study. There were no patients with
acute myocardial infarction. All the patients
had pectoris angina with or without pulmonary
oedema. Arteries used for bypass grafting were
harvested from the radial artery. All the patients
received a phase I cardiac rehabilitation pro-
gramme, such as early mobilization and walking
under supervision after surgery, immediately when
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they were transferred to the intensive care unit.
The clinical endpoint of this study is heart rate
response.

Randomization design
Eligible patients referred by cardiovascular sur-

geons were randomly assigned to enter or not enter
a phase II cardiac rehabilitation exercise pro-
gramme in the Department of Physical Medicine
and Rehabilitation of a medical center. Toss-of-
coin was done independently by a rehabilitation
nurse to make a randomization table. The sequence
of CABG patients was determined by the date of
surgery. Figure 1 shows the flowchart of randomi-
zation. The inclusion criteria were (1) subjects who
had coronary artery disease without previous
CABG surgery; (2) subjects without neurological
impairments such as stroke, peripheral neuropathy
or traumatic brain injury, (3) patients without
musculoskeletal diseases such as spinal stenosis
or joint contracture, (4) uncomplicated clinical
course during hospitalization with no severe infec-
tion, shock, arrhythmia or prolonged ventilator-
dependent phase. The subjects were excluded if (1)
beta-blockers were used; (2) subjects refused to
undergo the cardiopulmonary exercise test (CPET)
at discharge and three months later; (3) uncon-
trolled dysrhythmias such as atrial flutter, fibrilla-
tion and continuous ventricular tachycardia were
observed during exercise testing; (4) subjects could
not complete the CPET at discharge or three
months later; or (5) ischaemic change was observed
on ECG during testing. Ethical approval was
obtained from the Human Research Committee
of the Taichung Veterans General Hospital, Taiwan.

The 30 subjects were randomly divided into two
groups:

�/ Group 1 (phase II cardiac rehabilitation
group): 15 subjects completed a three-month
phase II cardiac rehabilitation programme.
Patients assigned to phase II cardiac rehabili-
tation began their programme within one
week after discharge from hospital.

�/ Group 2 (control group): 15 subjects who did
not participate in the cardiac rehabilitation
programme served as control subjects.
Although they had received a phase I mobi-
lization programme after surgery, patients
assigned to control group did not get further
advice about a specific exercise programme.

Exercise testing protocol
Subjects were tested by Oxycon Pro with a cycle

ergometer (Jaeger Company, Germany) with one-
minute incremental protocol.15 The 12-lead ECG
and blood pressure were continuously obtained
with the patient in an upright position during
the whole exercise testing period. After a 3-min
rest period, subjects initially cycled for 3 min with
a 10 W load for the baseline warm-up. Then an
increment of 10 W/min protocol was used, and
subjects were encouraged to continue exercise
until peak symptoms were achieved, such as
severe dyspnoea, dizziness, arrhythmia, abnormal
ST segment elevation or depression, and decreased
blood pressure over 20 mmHg. Subjects were
advised to continue to pedal at a slow frequency
with a 10 W load on the ergometer as the re-
covery phase, and continue to breathe through the

Control group

follow-up at 3 months for clinical endpoints

phase II cardiac rehabilitation

follow-up at 3 months for clinical endpoints

randomization according to randomization table

Collection of baseline heart rate data

Patients with CABG surgery referred from cardiovascular surgeons

Figure 1 Flowchart of randomization of trial. The clinical endpoint is for resting heart rate and recovery of heart rate over 1 min
after peak exercise.
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mouthpiece for at least 3 min. The test procedures
were fully explained to all subjects, and informed
consent was obtained.

Cardiac rehabilitation
Subjects who participated in the phase II cardiac

rehabilitation conducted a 30�/40 min aerobic
exercise training session (riding a stationary bicycle
or walking on a treadmill) with the intensity of
60�/85% peak heart rate achieved in cardiopul-
monary exercise test.2,7 There were approximately
10 min of stretching and calisthenics for warm-up
and cool-down. The training frequency was three
times a week and a total of 36 training sessions
were completed by these subjects.

Recovery of heart rate on the first minute after
exercise

After achieving peak stress exercise in cardio-
pulmonary exercise testing, subjects went into a
recovery phase of at least 3 min. The reduction in
heart rate from immediately after peak exercise to
the heart rate after 1 min was defined as heart rate
recovery. All 30 subjects received cardiopulmonary
exercise tests at discharge (before phase II cardiac
rehabilitation) and 12 weeks later (follow-up test).

Statistical analysis
The resting heart rate and recovery of heart rate

over the first minute at baseline and follow-up were
collected for comparison. The variables tested
between the two groups were analysed and com-
pared using analysis of variance (ANOVA). The

paired t -test was used to calculate for the differ-
ences between the pre- and post-training variables
within each group. Continuous variables were
expressed as the mean9/standard deviation. Ana-
lyses were performed using the Scientific Package
for Social Science version 10.1 (SPSS, Chicago, IL,
USA). Statistical significance was considered as
p B/0.05.

Results

The basic clinical characteristics of the two patient
groups are presented in Table 1. The two groups
were similar with regard to age, height, weight and
basic medical history. There were no significant
differences between two groups in age, and the
mean ages for cardiac rehabilitation and control
groups were 61.239/9.49 and 63.239/14.61 years,
respectively (p�/0.68).

The descriptive statistics of the resting heart rate
and recovery of heart rate over 1 min before rehabi-
litation and follow-up tests between two groups
are also presented in Table 1. Heart rate was
expressed as beats per minute (bpm). At the base-
line testing, there were no significant differences in
resting heart rates between cardiac rehabilitation
(93.859/10.32 bpm) and control groups (99.549/

7.30 bpm; p�/0.12). After three months, the
cardiac rehabilitation group showed a significantly
lower resting heart rate during the follow-up testing
compared with that of the control group (77.469/

9.49 bpm versus 92.319/10.18 bpm; p B/0.01).

Table 1 Basic clinical characteristics and descriptive statistics of resting heart rate and recovery of heart rate over 1 min
before rehabilitation and at follow-up between two groups

Cardiac rehabilitation Control p-value

Case number n�/15 n�/15
Age (years) 61.239/9.49 63.239/14.61 0.68
Height (cm) 167.699/6.46 168.769/8.07 0.71
Weight (kg) 69.699/7.59 71.239/7.12 0.39
Medical history

Diabetic (%) 3 (20.0%) 4 (26.7%)
Hypertension (%) 4 (26.7%) 5 (33.3%)
Hyperlipidaemia (%) 3 (20.0%) 3 (20.0%)

Resting heart rate (bpm) before rehabilitation 93.859/10.32 99.549/7.30 0.12
Resting heart rate (bpm) at follow-up 77.469/9.49 92.319/10.18 B/0.01*
Recovery over 1 min of heart rate before rehabilitation (bpm) 4.159/3.74 4.629/4.41 0.78
Recovery over 1 min of heart rate at follow-up (bpm) 16.389/6.32 11.389/4.81 0.03*

*ANOVA: pB/0.05.
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Comparisons between resting heart rates across
the time interval of the two tests demonstrated the
significant differences for both cardiac rehabilita-
tion (p�/0.0003) and control (p�/0.05) groups.

For the comparison of recovery of heart rate
over 1 min after peak exercise before phase II
cardiac rehabilitation, there was no significant
difference between cardiac rehabilitation (4.159/

3.74 bpm) and control groups (4.629/4.41 bpm;
p�/0.78). The mean value of recovery of heart rate
over 1 min at follow-up was significantly higher for
the cardiac rehabilitation group (16.389/6.32 bpm)
when compared with that of control group
(11.389/4.81 bpm) at the follow-up test (p�/0.03).

A significant difference in recovery of heart rate
over 1 min between baseline and follow-up testing
was found for the cardiac rehabilitation group
(p B/0.01). Our results also showed that the control
group had a significantly higher magnitude of
recovery of heart rate over 1 min at follow-up
when compared with that at baseline (p�/0.0010).

Discussion

This study shows significant improvements in
resting heart rate and recovery of heart rate over
1 min after exercise in CABG subjects after a
three-month cardiac rehabilitation exercise pro-
gramme. The reduced heart rate variability has
been proposed to be major evidence of autonomic
dysfunction, and is regarded to have strong adverse
effects on subsequent clinical outcome in patients
with coronary artery disease.7�9,18�20 Our subjects
demonstrated the higher resting heart rates at the
baseline testing for both groups before the cardiac
rehabilitation. This observation was close to the
result of the Pardo’s research,21 but higher than
that of a recent retrospective study.19 The discre-
pancies may be due to higher resting heart rates of
patients with coronary heart disease, suggesting
the activation of neurohumoral mechanisms, espe-
cially the adrenergic activation from sympathetic
activity in early recovery phase from cardiac
events.7,8,21 The subjects in Tiukinhoy’s study19

were evaluated with a 69/3 months time interval
for the cardiac rehabilitation group as well as
99/3 months for the control group, and without
information about the time of baseline testing. The

early baseline measurement at discharge in the
present study could account for the difference in
resting heart rates.

The mean resting heart rate of the cardiac
rehabilitation group at follow-up in this study
was 77.46 bpm, which was consistent with the
prior published studies.20�22 The mean resting
heart rate at follow-up, which was significantly
lower in the cardiac rehabilitation group than in
the control group, was similar to previous work.20

This improvement of resting heart rate in the
cardiac rehabilitation group may be due to long-
term endurance training, which increases the
parasympathetic activity and decreases the sympa-
thetic activity directed to the human heart at rest,
thus decreasing resting heart rate.16�18,20,21 How-
ever, our finding was in contrast to the result of
Tiukinhoy et al .19: their subjects did not show any
improvement in resting heart rate at follow-up.
Possible reasons may be the nearly normal resting
heart rates for the control subjects at baseline and
the long time interval between serial exercise stress
tests. Pardo and co-workers reported that exercise
conditioning over a 12-week period improved heart
rate variability, reduced resting heart rate in
cardiac patients, and lowered the risk of sudden
cardiac death via increased vagal tone.21

Resting heart rates were significantly reduced in
both groups at follow-up when compared with
baseline data in the present study. The control
group showed a marginally significant improve-
ment in resting heart rates at follow-up, which may
be explained by the study of Oya et al .18 The
sympathetic nervous system has been proposed to
increase activity during the first three weeks after
the onset of a cardiac event, whereas the para-
sympathetic nervous system has been observed to
improve gradually during the three-month period.6

It was concluded that time is a factor for the
improvement in parasympathetic tone.18

Our subjects demonstrated a smaller recovery of
heart rate over 1 min at the baseline testing in both
cardiac rehabilitation and control groups com-
pared with previous studies.14,19 The heart rate
recovery calculated in Kligfield’s research14 was
measured as the difference between the heart rates
at the end of 30 min of submaximal exercise train-
ing and after 1 min of cool-down. The subjects in
Tiukinhoy’s study19 were evaluated with a longer
time interval and without information about the
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time of baseline testing. These discrepancies in the
definition of recovery of heart rate and baseline
measurement may account for the different results
in baseline recovery of heart rate.

For the comparison between groups at follow-
up, the mean recovery of heart rate over 1 min
(16.38 bpm) in the cardiac rehabilitation group
was significantly higher than in the control group
and was similar to previous published works.14,19

Kligfield and colleagues investigated the effect of
age and gender on heart rate recovery during
12 weeks of phase II cardiac rehabilitation and
concluded that the heart rate recovery increase in
men and women of all ages was consistent with
enhancement of parasympathetic tone.14 The sig-
nificantly higher recovery of heart rate over 1 min
in the cardiac rehabilitation group in the present
study was supported by the fact that endurance
training has a positive effect on activation of
parasympathetic tone.13,14,16�19 Cardiac rehabilita-
tion with exercise training alters sympathovagal
control of heart rate variability toward parasym-
pathetic dominance, and improves heart rate
recovery.14,19,22

The recovery of heart rate over 1 min at follow-
up also showed significant improvement in both
the cardiac rehabilitation and control groups. In
the present study, the improvement in heart rate
recovery in the control group implied that the
balanced sympathetic and parasympathetic tone
might occur gradually after CABG surgery. This
result was different from that reported in Tiukin-
hoy’s research.19 They observed no improvement in
heart rate recovery in the control group, and no
reduction in resting heart rate for the cardiac

rehabilitation group. In addition to the different
time intervals for baseline and follow-up tests, the
usage of beta-blockers in over 70% of their subjects
may be the reasons for the stable heart rate
recovery of the control group. The most likely
explanation for the improvement in the recovery
of heart rate over 1 min in the control group in
the present study was the spontaneous recovery
of parasympathetic tone after a three-month
period.8,18

Abnormalities of the autonomic nervous system
are related to the mechanisms of sudden cardiac
death, and an elevated heart rate at rest is
confirmed as an independent risk factor for sudden
death in normal middle-aged men.23 The auto-
nomic dysfunction is known to adversely affect
clinical outcome in patients with cardiovascular
disease, so the improvement in autonomic regula-
tion after cardiac rehabilitation may add to the
other proven benefits of exercise training pro-
gramme.7,13,18,22 The clinical implications of our
study are that patients who received a three-month
comprehensive cardiac rehabilitation exercise pro-
gramme would get greater improvement in the
reduction of resting heart rate and increase in heart
rate recovery than those in the control group. The
sympathetic and parasympathetic systems have
been proposed to have a modulating effect on
heart rate and heart rate variability. Our results are
consistent with the improvement in autonomic
regulation toward parasympathetic dominance in
CABG patients after cardiac rehabilitation.

In our study, it is difficult to have a blind control
in the cardiac group. In the control group, patients
were told they would receive a cardiopulmonary
exercise test three months later, and no further
comments or suggestions for exercise were advised.
Although the effect of cardiac rehabilitation is
compelling and extensive, only 10�/20% of eligible
subjects participate in a formal cardiac rehabilita-
tion programme.24 In further studies the sample
size in each group may expand and may be include
different cardiac patients.
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Clinical messages

�/ Three months of cardiac rehabilitation
training in patients receiving coronary
artery bypass grafts had significant im-
provements in heart rate recovery and
resting heart rate.

�/ As an independent risk factor for mortal-
ity, the recovery of heart rate over 1 min
may be a good parameter with which to
assess the effectiveness of cardiac exercise
training, and for risk stratification.
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