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SUMMARY Reduction in heart rate during submaximal exercise is often used to judge the progress of
patients with ischaemic heart disease in the course of a physical training programme. Some patients,
however, are treated with beta adrenergic blocking drugs and it remains controversial if chronic beta
blockade influences the effects of training and if heart rate remains a useful guide in the evaluation of
the state of training of these patients.
Male postinfarction patients, 15 treated with and 15 without beta blockers, were trained for three

months, three times a week. Cardiorespiratory results from uninterrupted incremental exercise tests

before and after training were compared. In each subgroup, the heart rate and systolic blood
pressure were significantly reduced. For heart rate the decrease after training became more pro-

nounced with increasing work load and the overall reduction was significantly less in the beta
blocker group compared with the patients not treated with beta blockers. For systolic blood pressure

the training-induced reductions were more pronounced in the patients on beta blockers.
The increase of peak oxygen uptake was similar in the patients with and without beta blockers,

namely 36% and 34*5%. At submaximal exercise carbon dioxide output, pulmonary minute ventila-
tion, and the respiratory exchange ratio were lower after training, and these effects of training were
similar whether or not the patients were on beta blockers.
The study shows that the usual effects of training are observed in patients on beta blockers, and

that heart rate remains a useful guide to their evaluation throughout a physical training programme.

The cardiorespiratory effects of physical training have
been intensively studied in normal subjects and
include increases in both maximal oxygen uptake and
maximal pulmonary ventilation, an increase in the
anaerobic threshold, and reductions in heart rate and
possibly blood pressure at rest and at submaximal
work. '

Physical training has been used in the rehabilitation
of patients with ischaemic heart disease, with roughly
similar cardiorespiratory effects.23 The reduction in
heart rate during submaximal work is often used to
judge the progress of the patient during the pro-
gramme. Some of these patients, however, are taking
beta adrenergic blocking drugs for hypertension,
angina, or other disorders. It remains controversial if
chronic beta blockade influences the effects of train-
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ing and if heart rate remains a useful guide in the
evaluation of the state of training of these patients.4s

Therefore, in the present study, we compare the
cardiorespiratory effects of training in two groups of
patients with ischaemic heart disease: one group
treated with beta blockers and the other without.

Subjects and methods

(1) SUBJECTS
The study was performed on male patients who were
referred to the cardiac rehabilitation unit eight or
more weeks after they had suffered from a myocardial
infarction. Thirty patients were studied and they all
fulfilled the following criteria: no alteration of medica-
tion during the training programme, nor for at least
six weeks before the pretraining test; no limitation by
angina pectoris during pre- and post-training evalua-
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tion and attainment of a work level of at least 110
Watts at the pre-training test. Their characteristics
are given in Table 1. Fifteen patients were on beta
blockers, and their characteristics were similar to
those of the patients without these drugs. The doses
of beta blocking drugs are given in Table 2.

(2) TRAINING PROGRAMME
The physical training programme was designed so

that the patients would exercise indoors for three
months, three days a week for a total duration of 75
minutes, rest included, for each exercise session. Each
session consisted of: cycling for 10 minutes, rowing
twice for two and a half minutes, running twice for
four minutes, and callisthenics twice for 15 minutes.
The intensity of the exercise was adapted to 60 to 800/o
of the measured maximal capacity for each patient.
An exercise leader and a physician supervised all exer-

cise sessions.

(3) TESTING PROCEDURES

(a) General outline
Testing before and after training was performed using
uninterrupted graded exercise on an electromagneti-
cally braked cycle ergometer (Elema Schonander
EMT 369), in an air-conditioned laboratory (tempera-
ture 18 to 220C, humidity 40 to 600/o), according to an
identical procedure. Each subject was tested at
approximately the same time of the day before and
after training, mostly in the afternoon. Observations
were made after 10 minutes sitting on the bicycle (RS)
and at several work levels: the patients first exercised
at 20 Watts for four minutes and then the exercise rate
was increased by 30 Watts every four minutes. All the
patients were allowed to perform a symptom limited
graded exercise test, that is they determined the point
of interruption themselves from their subjective feel-
ings (exhaustion, dyspnoea, pain, or tiredness in the
legs). It was not felt acceptable to encourage them any
further in view of their ischaemic heart disease. Their
final values are indicated as "peak" values.

(b) Cardiorespiratory variables
The patient's electrocardiogram was monitored via a
high persistence oscilloscope, and heart rate was cal-
culated continuously. Systolic blood pressure was
measured with a standard mercury sphygmoman-
ometer. The product of heart rate and systolic blood
pressure (rate pressure product) was calculated.

(c) Respiratory variables
Pulmonary minute ventilation (VE) was measured
with a pneumotachograph and expressed in /min,
BTPS conditions (body temperature, barometric
pressure, saturated with water vapour), oxygen con-

Table 1 Characteristics ofpatiens

Patients treated Patients
with without
beta bkockers beta blockers

No. 15 15
Age (y)* 49-00±2-2 50-50t 1-4
Weight (kg)* 73-00+1-5 70-10±2-1
Height (m)* 1-74±0.01 1-72±0.02
Body surface area (m2)* 1-87±0.03 1-83±0-03
Time between infarction and

onset of training (wk)* 27-60±6-3 15-20±3-5
Duration of training (wk)* 13-90±0.5 13-60±0-4
Frequency oftraining per week* 2 51±0- 1 2-41+0-1

*The data are meanst SE.
There are no significant differences between the groups for any of the
variables.

centration by a paramagnetic oxygen analyser, and
carbon dioxide concentration by an infrared carbon
dioxide analyser (Siregnost FD 80, Siemens). Oxygen
uptake (VO2) and carbon dioxide output (VCO2),
expressed in /min, were continuously calculated and
reduced to STPD conditions (standard temperature
and pressure, dry). The respiratory exchange ratio
(R=VC02/VO) and the respiratory equivalent for
oxygen (RE=VE/VO2) were calculated. A definition
of these variables is given in the "glossary on respira-
tion and gas exchange".6

(4) ANALYSIS OF DATA
The data were analysed separately for the patients
treated with and those without beta blockers, at rest
in the sitting position, at the work rates of 20, 50, 80,
and 110 Watts which were performed by all, and at
the final work rate.

For statistical analysis, observations during the last
five minutes in the sitting position were used, and
during exercise the data of the last minute at each

Table 2 Details of treatment in paties

Paents treated Daily dose Patents
with without
beta blockers beta blockers

Alprenolol
hydrochloride 1 200 mg 0

Atenolol 2 100 mg in I 0
200 mg in 1

Metoprolol 7 75 mg in 1 0
100 mg in 4
200 mg in 2

Propranolol 5 30 mg in 1 0
60 mg in 3
120 mg in 1

Anticoagulants 3 4
Antihypertensives 2 2
Aprindine 0 3
Digitalis 4 5
Diuretics 2 0
Kinidine 0 1
Nifedipine 0 1
Glyceryl trinitrate 6 3
Sedatives 6 4
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exercise level. Unpaired t tests were used to evaluate
possible differences between both groups of patients,
paired t tests, and analysis of variance to compare pre-
and post-training observations.7 The dispersion of the
data is given by standard error of mean.

Results

(1) OBSERVATIONS AT REST AND SUBMAXIMAL
EXERCISE

(a) Cardiovascular variables
Pre-training heart rate was lower in the patients on
beta blockers when compared with those without such
treatment as indicated by the lower heart rates at
RS-11 beats/min (p<0.05), at 20 W-10 beats/min
(p<0-05), at 50 W-10 beats/min (p<0.05), at 80 W-12
beats/min (p<001), and at 110 W-16 beats/min
(p<0001) (Fig. 1). Pre-training systolic blood pres-
sure was not significantly different in the treatment
groups.

Training reduced both heart rate and blood pres-
sure. Fig. 1 summarises the absolute levels of heart
rate. In Fig. 2 the changes from the pre-training test
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Fig. 1 Heart rate before (open signs) and after training (closed
signs) in patents treated with beta blockers (circles) and in those
without beta blockers (squares) at rest in the sittingposition (RS)
and at20 W, 50 W, 80 W, and 110 W. Values are means+tSE.
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Fig. 2 Data are analysed by three
way analysis ofvariance, that is for all
work loads combined. Training-induced
changes of the heart rate (HR), systoitc
blood pressure (SBP), oxygen uptake
(VOz) carbon dioxide output(VCo ,
and puMOnarY venilation (VE) at rest
in the sitting position (RS) and at 20
W, 50 W, 80 W,and 110 Wfor both
treatment groups. Values are means. F
represents the F value for the effect of
training on the studied variable
(analysis ofvariance), Fi (F
interactions) the F value indicates if
there is a significant effect ofthe level of
physical activity on the effect of
training. The p values indicate the
significance of the F and Fi values.
*p<OJJ5; **p<O-1; ***P<0.001.
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Table 3 Compatison ofpeak data of cardiorespiratory variables at smptom limited maximal exercise before and after training for
patients treated with and without beta blockers (values are means ±SE)

Paients treated with beta blockers (n=15) Patients treated without beta blockers (n=15)

Before training After training Before training After train

HR (beats/min) 124±3-6 135+3-5** 137±4-3 148±4.3*
SBP (mmHg) 186±6-3 190±6-8 175±9-2 189±6.8*
RPP (beats/minxmmHg) 23106±1260 25530±1179* 23595±1513 27508±1375*
VO (ml/min) 1627±59 2213±89*** 1521±57 2044±60***
vcb (ml/min) 1721±78 2403±131*** 1637±61 2232±83***
VE (min) 50.4±2-1 70-4+3-4*** 50-5±1-9 70.9+3-6***
R 1-04±0-03 1.08±0-02 1-08±0-01 1-11±0-02
RE 29-6±1.5 31-9±1-0 33-8±1-6 35-2±1-4

P values are given for the comparison of pre- and post-training values within each group: *p<005; **p<001; ***p<0.001.
Abbreviations: HR, heart rate; SBP, systolic blood pressure; RPP, rate pressure product; V02, oxygen uptake; VCO,2 carbon dioxide output;
VE ventilation; R, respiratory exchange ratio; RE, respiratory equivalent for oxygen.

to Ithe post-training evaluation for heart rate and sys-
tolic blood pressure, at rest in the sitting position and
at 20, 50, 80, and 110 W are illustrated for both sub-
groups. For resting and exercise data (20W to 110 W)
combined, the 95% confidence limits of the training-
induced reductions in heart rate and in systolic blood
pressure were, respectively, 6-2 to 8-6 beats/min and
11-4 to 15-8 mmHg for the patients on beta blockers
and 8-8 to 12-1 beats/min and 6 to 11-5 mmHg for
those without such treatment. These changes were
significant (p<0-001 for all) in each subgroup, when
three-way analysis of variance was applied, taking (1)
resting and exercise conditions (levels of physical
activity), (2) subjects, and (3) training into considera-
tion. In general the effects of training appear to be
more pronounced with increasing levels of physical
activity. When the two subgroups were compared it
was found that the training-induced changes of heart
rate in the beta blocked group were significantly
(p<0-O1) less than in the group without beta blockers.
The changes of systolic blood pressure, however,
were more pronounced (p<0-05) in the beta blocked
group.

(b) Respiratory variables
Fig. 2 also illustrates the differences for oxygen
uptake, carbon dioxide output, and pulmonary venti-
lation from pre- to post-training for the two sub-
groups. The observations were similar and statisti-
cally not different in patients with and patients with-
out beta blockers. Whereas the oxygen uptake was not
affected by training, carbon dioxide output and pul-
monary ventilation remained unchanged at 20 and
50 W, but decreased at 80 and 110 W, reflected by
the significant interactions between the levels of phys-
ical activity and the training effect (all significant at
p<0-OOl). The respiratory exchange ratio was
significantly reduced by 7-5% at 80 W and by 8-8% at
110 W for the group receiving beta blockers and by
6-2% at 80 W and 7-7% at 110 W in the group not on

beta blockers; no significant differences were
observed at the other work rates.

(2) OBSERVATIONS AT SYMPTOM LIMITED
MAXIMAL EXERCISE
Table 3 summarises the peak data for the two treat-
ment groups. Heart rate, rate pressure product,
oxygen uptake, carbon dioxide output, and pulmon-
ary ventilation were significantly increased in both
subgroups after training. The increase of systolic
blood pressure was only significant in patients without
beta blockers. The respiratory exchange ratio and the
respiratory equivalent for oxygen were not different
before and after training. Overall the results were
similar and not significantly different for the patients
with and those without beta blockers.

Discussion

(1) EFFECTS OF TRAINING
The data demonstrate the effectiveness of the training
programme and are in agreement with previous
reports on physical training in normal subjects and in
cardiac patients.
At rest and at submaximal levels of exercise, heart

rate, systolic blood pressure, and the rate pressure
product were reduced, which is in agreement with
previous reports,8-'3 except for systolic blood pres-
sure in some studies. 1415 In both groups the patients
were able to support a higher level of cardiac work
since the peak values of these variables were higher
after training compared with before training, whereas
the respiratory exchange ratio and the respiratory
equivalent for oxygen were not statistically different.
After training the pre-training peak values of the rate
pressure product were reached at a 21% higher
oxygen uptake. This suggests that after training, a
higher work rate can be attained with a similar
myocardial oxygen consumption, since the product of
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heart rate and systolic blood pressure is well corre-
lated with the oxygen uptake of the heart.16

Total body oxygen uptake at submaximal work is
not affected by training, in agreement with an
unchanged mechanical efficiency.23 17 From 80W on,
however, carbon dioxide output, pulmonary ventila-
tion, and the respiratory exchange ratio were lower
after training, suggesting a reduced contribution of
anaerobic metabolism to the energy production.'8
Peak oxygen uptake increased significantly after train-
ing by, on average, 35% in both groups. Since the
subjects could attain a similar respiratory exchange
ratio, carbon dioxide output and consequently pul-
monary ventilation attained higher values, a well rec-
ognised effect of training.'5

(2) EFFECTS OF BETA ADRENERGIC BLOCKADE
Fifteen patients were on treatment with beta
adrenergic blocking agents for at least six weeks
before the study. Since heart rate was not measured
during a similar exercise test before the drug was
started, the degree of beta blockade cannot be ascer-
tained; however, the pretraining heart rate of these
patients in the sitting position at rest, which averaged
66 beats/min, is 15% lower than the heart rate of the
patients who did not receive beta blockers. Overall
these data show that training effects can be achieved
in patients on beta blockers. This indicates that the
intensity of exercise during the training sessions is
adequate. It has been suggested that beta blockers
limit exercise capacity.19 Our data cannot answer this
problem but at least a sufficient degree of exercise
intensity can be achieved to obtain training effects.

(a) Respiratoy variables
Beta adrenoceptor blockade did not influence the
effects of training on the respiratory variables which is
in accordance with Obma et al. Sbut not with Malm-
borg et al.4 The number of patients in the latter study
was small, however, and the training intensity low. In
the present study the effects of training on aerobic and
anaerobic metabolism were similar whether or not the
patients were treated with beta blockers. This is in
accord with studies of Wasserman et al.20 who
showed that neurogenic factors did not play an impor-
tant role in the ventilatory control during exercise.

(b) Cardiovascular variables
Endurance training reduced heart rate, which is
considered the result of altered sympathetic-
parasympathetic tone. Parasympathetic blocking
agents such as atropine have been shown to increase
the pre- and post-training heart rates to a similar
extent at rest,2' but the increase at submaximal exer-
cise was greater after training; these findings suggest
an increased parasympathetic tone in response to

training, at least during exercise. An augmented vagal
tone was also shown in trained rats.22 23 On the-other
hand, the reduction of heart rate by the beta
adrenoceptor blocker propranolol was less pro-
nounced after than before training, suggesting
reduced sympathetic tone after training,2' which is in
accordance with the observed decrease of plasma
noradrenaline levels.2425

In the present study heart rate decreased
significantly after training in patients on chronic
treatment with beta adrenoceptor blockers, and the
decreases of heart rate were close to, though
significantly smaller than those of patients without
such treatment. Since beta adrenoceptors were
blocked throughout the study, though probably
incompletely in a clinical setting, an increase of the
parasympathetic tone is a more likely explanation for
the observed exercise-induced bradycardia. The many
other mechanisms which have been postulated such as
ventricular hypertrophy, decreased sensitivity of car-
diac adrenergic receptors, and intrinsic changes of the
sinus node, can, of course, not be excluded.
The study thus shows that beta blockade does not

influence the effects of physical training on various
respiratory variables and that heart rate remains a use-
ful guide for the evaluation of patients with ischaemic
heart disease on treatment with beta adrenoceptor
blockers throughout a physical training programme,
provided that the degree of beta blockade remains
unchanged.

This study was partly supported by a grant from the
Belgian IWONL.
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