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Objectives To compare the intensity of three exercise training regimens.

Background During a cardiac rehabilitation program coronary artery disease (CAD) patients should be trained at an

intensity as close as possible to the ventilatory threshold (VT) level. The precise way to obtain this intensity of training

during the sessions, however, remains unclear.

Methods In stable b-blocked CAD patients, heart rate (HR) and workload (WL) at the VT were determined from a

cardiopulmonary exercise test. The 3 following days, each patient performed (in a randomized order) one bicycle training

session per day at an intensity determined by (i) HR at VT, (ii) WL at VT, (iii) patient’s feelings (14 on the Borg scale). HR, WL,

systolic blood pressure, oxygen consumption (VO2) and the respiratory exchange ratio were monitored during each session,

to compare the intensity of each regimen.

Results Twenty patients, 57 ± 10 years old were included. VO2, WL, HR and systolic blood pressure were significantly higher

in the sessions driven by feelings and WL than in the HR-driven sessions. As respiratory exchange ratio remained less than

1, we can assume that there was no important and deleterious participation of anaerobic metabolism.

Conclusion Classical training HR prescription could lead to undertrain CAD patients, although a training session

prescription driven by the feelings or by the WL observed at VT allows the patients to train at a higher – but still aerobic –

intensity. Eur J Cardiovasc Prev Rehabil 00:000–000 �c 2007 The European Society of Cardiology
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Introduction
Exercise training after a myocardial infarction (MI)

results in a reduction in mortality and an improvement

in quality of life [1–4].

The optimal training session intensity, however, is poorly

documented.

Physiologically, the ventilatory threshold (VT) is an

important parameter governing exercise intensity during

cardiac rehabilitation. The VT corresponds to the highest

level of oxygen consumption (VO2) reached during

exercise without a significant elevation of serum lactate

[5].

Training patients at an intensity level higher than the VT

is potentially harmful [6] (arrhythmia, ischemia, throm-

bosis) and by definition, exercise is of short duration

(rapid exhaustion). Thus, it is not compatible with a

program of rehabilitation. A low-intensity exercise,

however, is probably not effective enough in both

participants [7] and coronary arterial disease (CAD) [8].

If one considers that CAD patients have to be trained at

an intensity as close as possible to the VT level, the

precise way to obtain this steady intensity of exercise

training remains unclear. The usual method for prescrib-

ing physical exercise training is classically based on a
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training heart rate (THR). This THR is obtained from an

exercise test with workload (WL) increments which is

very different from exercise training sessions usually

performed, after a warm-up period, at a constant intensity

for 20–30 min either on bicycle or on treadmill. There-

fore, the validity of using the parameters, especially the

HR and the WL at the VT level, obtained from a

conventional exercise test with WL increment to define

the intensity of training sessions performed with a

constant work load has never been assessed.

The aim of this study was to compare the intensities of

training sessions performed with a constant level at (i)

HR at VT (ii) WL at VT and (iii) according to the

patient’s feelings, in CAD b-blocked patients.

Methods
This was a monocentric prospective study. All patients

gave informed consent.

Patients

All patients with a recent myocardial infarction ( < 1

month) and receiving b blockers were consecutively

included.

Exclusion criteria were residual ischemia, contraindica-

tions for exercise testing and left ventricular ejection

fraction (LVEF) inferior to 40%.

Transthoracic echocardiography

All patients underwent transthoracic echocardiography

before the exercise test, at inclusion; LVEF was

estimated according to Simpson’s biplane method.

Cardiopulmonary exercise test

Exercise test was performed at inclusion before the

rehabilitation-training program, on a bicycle with

30 watts/3 min WL increments up to exhaustion [peak

respiratory exchange ratio (RER) always > 1]. Respira-

tory gas analysis was carried out with a CPX-D Medical

Graphics Corporation system (St Paul, Minnesota, USA).

VO2, carbon dioxide production and minute ventilation

were measured on a breath-by-breath basis. The percent

of predicted peak VO2 (%VO2 max) was calculated as peak

VO2 divided by maximal predicted VO2 [5].

Table 1 Clinical characteristics of the patients (mean ± SD)

Patients N = 20

Age (years) 56 ± 10
Men (%) 87
Weight (kg) 77 ± 13
Height (cm) 171 ± 7
LVEF (%) 48 ± 9
Treatment (%)

Beta blockers 100
Metoprolol (120 mg ± 40) 60
Atenolol (80 mg ± 25) 40
ACE inhibitors 82
Calcium blockers 10
Diuretics 5

Infarction
Anterior 41
Inferior 37
Lateral 6
Without Q wave 16

Time between MI and exercise test 17.5 ± 6

ACE, angiotensin converting enzyme; LVEF, left ventricular ejection fraction; MI,
myocardial infarction.

Table 2 Cardiopulmonary exercise test results (mean ± SD)

Rest VT Max

HR (bpm) 65 ± 12 92 ± 14 105 ± 17
WL (W) 0 73 ± 21 102 ± 18
VO2 (mlO2/kg/min) 4.5 ± 1.2 13.9 ± 2.5 18.6 ± 2.9
SBP 120 ± 21 150 ± 23 165 ± 24
DBP 70 ± 15 75 ± 20 80 ± 20
RER 0.8 ± 0.07 0.98 ± 0.02 1.2 ± 0.1

DBP, diastolic blood pressure; HR, heart rate; RER, respiratory exchange ratio;
SBP, systolic blood pressure; VO2, oxygen consumption; VT, ventilatory threshold;
WL, workload.

Table 3 Assessment of the intensities of the three different
exercise training regimens (mean ± SD)

ET driven by HR at
VT

ET driven by WL at
VT

ET driven by feel-
ings patient

Heart rate
Rest 64 ± 10 65 ± 10 65 ± 12
5 min 91 ± 12w,* 101 ± 13 105 ± 15
10 min 93 ± 14w,* 103 ± 16 107 ± 18
15 min 93 ± 15w,* 105 ± 17 108 ± 18
20 min 93 ± 14w,* 106 ± 18 108 ± 18

Systolic blood pressure
Rest 114 ± 9 111 ± 13 114 ± 11
5 min 142 ± 21* 149 ± 21 159 ± 18
10 min 145 ± 18* 157 ± 22 166 ± 19
15 min 146 ± 20w,* 160 ± 22 162 ± 19
20 min 144 ± 17* 156 ± 22 158 ± 21

Workload (WL)
min 51 ± 25w,* 70 ± 20 74 ± 18
10 min 50 ± 22w,* 70 ± 20 72 ± 20
15 min 48 ± 21w,* 70 ± 20 72 ± 20
20 min 48 ± 22w,* 70 ± 20 72 ± 20

VO2 (ml/kg/min)
Rest 5.2 ± 3.1 4.6 ± 1.1 4.9 ± 2.0
5 min 13.5 ± 3.1w,* 15.3 ± 2.8 16.7 ± 2.6
10 min 12.9 ± 3.1w,* 16.1 ± 2.7 16.8 ± 2.9
15 min 12.9 ± 2.9w,* 16.2 ± 3.0 17.0 ± 3.1
20 min 12.8 ± 3.0w,* 16.1 ± 3.1 16.9 ± 3.2

Respiratory exchange ratio
Rest 0.85 ± 0.06 0.84 ± 0.04 0.83 ± 0.04
5 min 0.97 ± 0.06w,* 1.01 ± 0.05 1.03 ± 0.06
10 min 0.93 ± 0.03w,* 0.97 ± 0.05 0.97 ± 0.05
15 min 0.92 ± 0.04w 0.96 ± 0.04 0.95 ± 0.04
20 min 0.90 ± 0.04w,* 0.95 ± 0.03 0.94 ± 0.04

Borg scale
Rest
5 min 11 ± 2.5w,* 16 ± 8.0 14 ± 0.0
10 min 11.1 ± 2.2w,* 13 ± 1.4 14 ± 0.0
15 min 10.6 ± 2.3w,* 13 ± 1.6 14 ± 0.0
20 min 10.6 ± 2.3w,* 13 ± 1.8 14 ± 0.0

ET, exercise training; HR, heart rate; VT, ventilatory threshold; WL, workload.
wP < 0.05 ET driven by HR at VT vs. ET driven by WL at VT. *P < 0.05 ET driven by
HR at VT vs. ET driven by feelings patient.

2 European Journal of Cardiovascular Prevention and Rehabilitation 2007, Vol 00 No 00



The VT (i.e. VT 1) was measured by two investigators by

using the V-slope method [5,9]. Typical changes in

ventilatory equivalents and end-tidal gas concentrations

(PETO2 and PETCO2) were examined to search for

agreement in cases that were questionable with regard to

precise anaerobic threshold value HR and WL at the VT

were determined from the cardiopulmonary exercise test.

Training sessions

During the 3 days, each patient performed (in a

randomized order) one bicycle training session per day

at an intensity determined by (i) HR at VT, (ii) WL at

VT, (iii) patient’s feelings (14 in the Borg scale: ‘you can

talk but not sing while training’). Each session lasted

20 min plus a 5-min warm-up period and a 5 min recovery

period. HR, systolic blood pressure, WL, gas analysis (VO2

and the RER) were collected at 5, 10, 15 and 20 min at

each session. HR and systolic blood pressure (SBP) were

also monitored during the recovery period.

Statistical analysis

Continuous data are presented as mean ± SD. Contin-

uous data obtained from the three different training

sessions were compared by analysis of variance for

repeated measures and by a multiple comparison test

(Fischer). As patients were randomly assigned for the

numerical order of there training sessions, a statistical

‘order effect’ was therefore tested for each parameter.

This effect was not significant in this study (P > 0.05 for

each parameter). All analyses were performed with the

Stat View software program. P values less than 0.05 were

considered to denote statistically significant differences.

Results
Twenty patients were included from January to June

2005.

They had presented a MI 17.5 ± 6.0 days previously. Each

patient had underwent a coronary angioplasty during the

acute phase of MI. LVEF was 48 ± 9%. All patients

received a b-blocker treatment. Patients’ clinical char-

acteristics are detailed in Table 1.

Clinical follow-up

No adverse event (sustained arrhythmia, malaise, myo-

cardial ischemia, stent thrombosis) was observed during

the training sessions and the exercise tests.

Exercise test

During the initial exercise test, patients reached a

maximal HR = 104 ± 14 bpm (i.e. 64 ± 8% of maximal

predicted HR), and a peak VO2 = 18.6 ± 2.9 ml O2/kg/

Fig. 1
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min, VT (13.9 ± 2.5 mlO2/kg/min) was reached at

HR = 92 ± 14 bpm with a WL = 73 ± 21 W (Table 2).

Exercise training sessions (Table 3 and Figs 1–3)

At rest no significant differences were found for HR, SBP,

VO2 and RER values among the three different sessions.

At exercise:

K The intensities of the sessions, driven by WL or

patient’s feelings were objectively higher than the

intensity of the sessions driven by HR: indeed means

VO2, WL, HR and Borg scale values measured at 5, 10,

15 and 20 min during the sessions as well as mean SBP

values measured at 5, 10 and 20 min were significantly

higher in the WL at VT and in the feelings-driven

sessions than in the HR at VT-driven ones.

K Moreover, the RER values measured at 5, 15 and 20 min

were significantly higher in the WL and in the feelings-

driven sessions than in the HR-driven ones but

remained less than 1.0 except during the first 5 min

of the WL and of the feelings sessions.

No significant differences were found in HR, SBP, VO2,

RER and Borg scale values at any time between the

sessions driven by WL at VT and the sessions driven by

the patient’s feelings.

Discussion
This study shows that, in patients receiving b blockers

after MI, a training session prescribed either on the WL

obtained by the patient at VT during the exercise test or

by his own feeling, leads to a higher exercise intensity

than a training session driven by the HR at VT. The three

exercise training intensities seem to be well tolerated.

When patients were asked to assess the intensity of the

different training sessions, HR-driven training sessions

are felt as too easy (10–11 on the Borg scale) whereas WL

and feelings-driven sessions were felt as more difficult

but not exhausting.

Fig. 2
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Training sessions driven by WL at VT or by patient’s

feelings allowed a higher recruitment of aerobic capa-

cities; nevertheless a RER significantly less than 1 during

most of the sessions, including the most intensive ones

means that there was no important and deleterious

participation of the anaerobic metabolism [5].

No significant differences were observed between the

WL-driven training sessions and the feelings-driven

training ones (SBP, HR, RER, VO2 and WL measured

during the sessions).

To our knowledge the comparison between these three

regimens of exercise training sessions has never been

assessed in CAD patients.

Only in athletes, Trudeau et al. [10] have previously

shown that a training session prescribed from the WL

observed at 58% of peak VO2 allows to obtain a higher

aerobic intensity than a training session prescribed by HR

at the same percentage of peak VO2. In this study, WL and

HR, were significantly higher when athletes trained at a

constant WL than at a constant HR. In the same way, the

metabolic recruitment, assessed by the glucose and the

free fatty acid levels during exercise, and the sympathic

stimulation, assessed by the noradrenaline and adrenaline

levels during exercise, were significantly higher when the

participants were trained at constant WL than at constant

HR.

Adequate determination of physical training level seems

to have a clinical impact. Indeed, a high-intensity level of

exercise training may provide, in young conditioned

patients [11], a better improvement in quality of life

and in aerobic capacities without alteration of left

ventricular systolic function [12]. A weak intensity of

exercise training is less efficient to improve aerobic

capacities and may be felt as boring by the patient,

leading to a poor compliance. Furthermore, a high-

intensity level of exercise seems to be required to

increase HDL cholesterol [13].

By contrast, the intensity of exercise training in patients

with CAD specified in the guidelines [14] are not very

precise, that is 40–90% of peak VO2 or 40–85% of the

chronotropic reserve. For instance, according to these

Fig. 3

0.6

0.8

1.0

1.2

R
E

R

B
or

g 
sc

al
e

Feeling-driven
session

WL-driven session

HR-driven session

0
2
4
6
8

10
12
14
16
18
20

Rest         5 min       10 min     15 min      20 min

Rest          5 min       10 min       15 min       20 min

�∗
�∗

�
�∗

�∗ �∗�∗ �∗

Mean ± SE of Borg scale and RER measured at rest, 5, 10, 15 and 20 min during the three different kinds of training sessions. ET, exercise training;
HR, heart rate; RER, respiratory exchange ratio; SBP systolic blood pressure; VO2, oxygen consumption; VT, ventilatory threshold; WL, workload.
wP < 0.05 ET driven by HR at VT vs. ET driven by WL at VT. *P < 0.05 ET driven by HR at VT vs. ET driven by patient’s feelings.

Exercise training in CAD patients Tabet et al. 5



guidelines, in a patient with a resting HR of 50 bpm and

with a max HR of 125 bpm, the THR would vary from 80

to 114 bpm depending on the percentage applied.

Finally our results indicate that, using the HR at VT to

prescribe the training sessions intensity does not allow a

maximal recruitment of the aerobic capacities in CAD

patients treated with b blockers. By contrast, using WL at

VT-driven sessions or asking the patient to perform an

intensive but not exhausting training session (level 14 on

the Borg scale) allows the patient to obtain a higher – but

still aerobic – intensity, and may lead to a higher aerobic

capacities improvement and to a better exercise obser-

vance.

Limits

The number of patients included is relatively small. It

should be highlighted that the results, however, were very

homogeneous and that each patient performed the three

different kinds of training sessions (in a randomized

order). Each patient being his own control, there was no

intergroup variability.

The absence of lactate dosage during the training

sessions does not allow us to affirm the absence of a

significant participation of the anaerobic metabolism. A

RER less than 1 during most of the training sessions

allowed us to assume that, however, there was no

important and deleterious participation of the anaerobic

metabolism [5].

Finally, these results may be applied only if cardiac

rehabilitation sessions are performed on the same

cycloergometers used to perform the exercise test.

Conclusion

Classical THR prescription could lead to undertrain CAD

patients, although a training session prescription driven

by patient’s feelings or by WL observed at VT allows the

patients to train at a higher – but still aerobic – intensity.

This could lead to obtain better improvement in aerobic

capacities and quality of life.
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