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Antianginal efficacy of exercise training: a

comparison with blockade

Iain C Todd, David Ballantyne

Abstract
Forty men with chronic stable angina
and no prior myocardial infarction were
studied. Exercise tolerance testing was
carried out off treatment and after ,B
blockade. # Blockers were stopped and
the patients were randomised to a con-
trol group and a study group of patients
who undertook a one year high intensity
training programme. The groups were
then restudied. Submaximum heart rate
was reduced by 13 beats per minute by
training and by 23 beats per minute by
atenolol. Training increased the max-
imum heart rate by 10 beats per minute
and atenolol reduced it by 29 beats per
minute. The double produce ST thre-
shold was increased from 183 to 205 by
training but reduced to 143 by atenolol.
Maximum ST depression was similarly
reduced by both training and atenolol.
As a result of the effects on maximum
heart rate, training produced a greater
improvement in exercise tolerance than
atenolol with a treadmill time increased
from 741 seconds to 1272 seconds with
training compared with 974 seconds with
atenolol. Other variables were similarly
affected.
Thus the antianginal efficacy of exer-

cise training is as good as that achieved
by /3 blockade and represents an alter-
native to such treatment.
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Exercise training may be used as an adjunct to

medical treatment in the management of
coronary artery disease. It has been shown to
aid the rehabilitation of patients after myocar-
dial infarction'-3 or coronary artery bypass
grafting' and will also improve exercise
tolerance in chronic stable angina pectoris.7"'
This latter effect is achieved by a reduction in
heart rate at submaximal workloads and hence
an increase in the level of work required to
reach the angina threshold. The relative
bradycardia is the result of a reduced level of
sympathetic stimulation and in the resting
state also an increase in parasympathetic tone.
This in turn is brought about by a reduction
in sensory input to the cardiovascular control
centre in the medulla oblongata by receptors
in trained muscles.

Blockade competitively inhibits the sym-

pathetic stimulation of the heart and, like
exercise training, produces a relative
bradycardia. The similarity in the modes of
action of exercise training and # blockade

prompted us to compare these two methods of
reducing sympathetic stimulation and
improving exercise tolerance. Whereas others
examined the effectiveness of training during
# blockade,'2" the effects of the two interven-
tions had not been directly compared.

Patients and methods
We studied 40 men aged < 60 years with
chronic stable angina of at least six months'
duration. Exclusion criteria included previous
myocardial infarction, diabetes, valve disease,
hypertensive left ventricular hypertrophy, and
exercise induced ventricular arrhythmias.
Treatment with # blockers was stopped for
four weeks before the study. An initial tread-
mill exercise tolerance test for diagnosis and
familiarisation was carried out. This was fol-
lowed one week later by a baseline exercise
test. The diagnosis of angina required a
typical history of exertional chest pain and the
development of such pain during the initial
exercise tolerance test in association with
horizontal or downsloping ST depression of
> 1 mm recorded 80 ms after the J point. All
patients then received atenolol 100 mg daily
for one week with repeat exercise tolerance
testing thereafter. Atenolol was then with-
drawn and patients were randomised into
exercise and control groups to control for the
effect of the natural course of the disease on
exercise tolerance.
Over the next year all patients requiring

antianginal medication received nifedipine
and glyceryl trinitrate in the first instance
with the later addition, if required, of isosor-
bide dinitrate. When /3 blockade was required
during the study for increasing symptoms
then the patient was withdrawn from the
study. Twenty patients were randomised into
each, group. During the course of the study
unstable angina requiring # blockade
developed in one patient in the exercise group,
and one patient in the control group died
suddenly. Two other patients in each group
were lost to follow up. At the end of the year
we restudied 17 patients in each group.

EXERCISE TESTING
Exercise testing was carried out using the
Marquette Case II treadmill with continuous
12 lead electrocardiographic monitoring. The
electrocardiogram was recorded in patients
sitting and standing at rest and at one minute
intervals throughout the test. A modified
Naughton protocol was used with a constant
speed of 3 mph (5 km/h) and initial gradient
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Table 1 Demographic data on exercise group

Duration of Smoking Height Weight
Patient Age angina (month) habits (in) (lb)

1 51 24 Ex-smoker 74 220
2 55 8 Ex-smoker 70 175
3 47 10 Non-smoker 69 190
4 45 24 Ex-pipe smoker 70 188
5 57 6 Ex-smoker 68 165
6 55 12 Ex-smoker 64 142
7 60 36 Ex-smoker 68 136
8 51 6 Ex-smoker 72 221
9 52 9 Smoker 64 159
10 55 60 Smoker 74 198
11 52 8 Smoker 74 215
12 60 24 Non-smoker 70 188
13 48 6 Ex-smoker 68 148
14 59 18 Non-smoker 67 140
15 57 108 Non-smoker 67 150
16 58 6 Non-smoker 68 196
17 48 12 Smoker 68 192
18 46 12 Ex-smoker 69 204
19 48 6 Non-smoker 67 182
20 58 6 Ex-smoker 72 220
Mean (SD) 53 20-0 (24-6) - 69 (3) 182 (28)

1 inch = 25-4 mm; 1 lb = 045 kg.

of OO.6 The gradient was increased by 2-5%
every three minutes. All exercise tests were
carried out between 9 am and 10 am after a 12
hour fast and 24 hours after the last dose of
any antianginal agent. Blood pressure was
recorded manually during the last minute of
each stage of the exercise protocol. Heart rate
and ST segment variables were measured
from the 'appropriate 12 lead electrocar-
diograms. The treadmill protocol produced a
linear increase in workload and heart rate, the
rate of change of each being 1 MET and 4-5
beats per stage respectively. This allowed
accurate measurement of end points. We
examined three broad groups of variables: (a)
those which reflect "fitness"-that is resting
and submaximal heart rates; (b) those which
reflect disease severity-that is maximum
heart rate, maximum double product (heart
rate x systolic pressure), maximum ST
depression, and double product ST threshold
(double product at which 1 mm of horizontal
or downsloping ST depression was first re-
corded); and (c) those that reflect a combina-
tion of fitness and disease severity-that is
treadmill time, estimated workload, and time
to 1 mm ST depression.

Table 2 Demographic data on control group

Duration of Smoking Height Weight
Patient Age (yr) angina (month) habits (in) (lb)

21 57 8 Non-smoker 62 127
22 60 96 Non-smoker 73 191
23 54 10 Ex-smoker 69 187
24 50 12 Smoker 70 175
25 55 6 Non-smoker 67 166
26 48 15 Non-smoker 68 181
27 53 10 Ex-smoker 71 190
28 53 6 Ex-smoker 73 225
29 56 6 Non-smoker 68 170
30 48 6 Ex-smoker 71 184
31 40 8 Ex-smoker 70 214
32 53 12 Smoker 70 205
33 49 6 Smoker 66 159
34 60 9 Non-smoker 68 170
35 37 6 Smoker 66 181
36 56 6 Ex-smoker 68 165
37 50 12 Smoker 66 143
38 46 6 Ex-smoker 68 171
39 45 8 Non-smoker 70 216
40 50 6 Ex-smoker 68 190
Mean (SD) 51 12 7 (9-8) - 69 (3) 181 (24)

1 inch = 25-4 mm; 1 lb = 0 45 kg.

TRAINING SCHEDULE
The training group undertook the Canadian
Airforce Programme for Physical Fitness.'7 It
is a brief (11 minutes) daily exercise
programme of five callisthenic type exercises
that needs no special equipment. It could
therefore be prescribed for daily home use.
Exercise levels increase in intensity each week
to achieve a progressive increase in physical
fitness. Patients were advised to progress from
one level to the next provided the previous
level could be completed within 11 minutes
without excessive chest pain or dyspnoea. A
weekly in-hospital supervised session was
used to initiate new patients and to monitor
early progress. Subsequent attendance at this
session was optional. In-hospital sessions
were carried out under the guidance of
physiotherapists. Those individuals in the
control group were informed that mild exer-
cise could be beneficial and were advised on
diet and smoking habits. Regular follow up of
these patients was maintained throughout the
year.

Results
Tables 1 and 2 show the demographic data for
the two groups. The mean age for the exercise
group was 53 (range 45-60) with a mean
duration of angina of 20-0 months, while the
mean age for the controls was 51 (range 37-
60) with a mean duration of angina of 12-7
months. There was a low overall incidence of
smoking although many patients were former
smokers, most having stopped since diagnosis.
Randomisation produced groups whose

baseline measurements differed statistically in
only one respect. The mean (SD) maximum
ST depression for the control group (1 5 (0 8)
mm) was significantly less than that for the
exercise group (1-9 (0 9) mm). Quite large
variations in other variables were, however,
not statistically significant. Most notable
among these differences was the time to 1 mm
ST depression, which was twice as long in the
controls as in the exercise group. The overall
trend was for the exercise group to be less fit,
as judged by resting and submaximal heart
rate, and to have more severe disease, judged
by maximum heart rate and double product,
maximum ST depression, and double product
ST threshold. As a result the combined varia-
bles of performance showed a trend for poorer
performance among the exercise group at the
outset. These trends are most important when
one considers the extent of change after train-
ing since one might postulate that irrespective
of training effect the extent of change might
be proportional to severity of abnormality at
the outset. It was important therefore to
examine this relation. Figure 1 shows the time
to 1 mm ST depression plotted against change
in time to 1 mm of ST depression. For this
and all other variables no linear relation was
found. The end point for all patients on
baseline exercise testing was the development
of angina.
Table 3 shows the effects of training and

atenolol on the measured treadmill variables
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Table 3 Effect of training and atenolol on variables of treadmill performance

Exercise group Control group

Baseline Atenolol One year Baseline Oneyear
(mean (SD)) (mean (SD)) (mean (SD)) (mean (SD)) (mean (SD))

RestingHR 81 (12) 64(8) 76(10) 74(10) 75 (9)
Stage I HR 111 (19) 88 (11) 98 (15) 106 (16) 102 (10)
Stage II HR 116 (19) 93 (13) 103 (16) 110 (18) 106 (10)
Max HR 128 (17) 109 (12) 138 (21) 136 (22) 134 (24)
Max DP 219 (55) 164 (44) 244 (67) 259 (74) 248 (74)
DP ST threshold 183 (51) 143 (43) 205 (64) 227 (75) 206 (60)
Max ST depression 1 9 (0 9)* 1 6 (1-0) 1-6 (1-2) 1 5 (0 8)* 1-4 (0 8)
Time to 1 mm ST dep 374 (369)t 749 (439) 881 (668) 719 (560) 715 (580)
Log time to 1 mm ST dep 2 37 (0 44) - - 2-68 (0A46) -

Treadmill time (s) 741 (356) 974 (430) 1272 (514) 1006 (504) 1010 (546)
Workload (METS) 6-3 (1-9) 7 6 (2 2) 9-5 (2-9) 7-8 (2-8) 8.0 (3-1)

,DP, double product; HR, heart rate.
*p < 0.05.
Non-nortnal data by "goodness of fit" test.

for the exercise group and the baseline and
one year values for the control group. The
reduction in resting and submaximal heart
rate achieved by training was not as great as
that achieved by ft blockade. # Blockade with
atenolol clearly reduces resting heart rate in
particular. This fell by a mean of 5 beats
during training and 17 beats during ft block-
ade. During exercise, however, the difference
was less pronounced and the three lines were
parallel (fig 2). Training reduced stage I and
II heart rates by 13 beats while atenolol
reduced them by 23 beats. Figure 3 summar-
ises the results of those variables that reflect
disease severity. On maximal exercise, train-
ing produced an increase in mean (SD)
maximum heart rate from 128 (17) beats
per minute to 138 (21) beats per minute
(p < 0 05), while with # blockade maximum
heart rate was reduced to 109 (12) beats per
minute (p < 0-001). Similarly, the maximum
double product was increased by training
from 219 (55) to 244 (67) (p < 0-05) and
reduced by atenolol to 164 (44) (p < 0 001).
The submaximal measure of disease severity,

the double product ST threshold, was also
increased by training from 183 (51) to 205 (64)
but reduced by atenolol to 143 (43). Both
training and atenolol reduced the maximum
ST depression by similar amounts (1-9 (0-9)
mm at baseline, 1 6 (1 0) mm for atenolol and
1 6 (1-2) after training) (p < 0 05).
The combined variables of treadmill per-

formance shown in fig 4 showed that both
atenolol and training produced large
improvements in time to 1 mm ST depres-
sion, treadmill time, and treadmill workload.
Atenolol increased time to 1 mm ST depres-
sion by 10000 (374 (369) v 749 (439) s) but
training produced a 13600 increase in this
variable to 881 (668) s. Similarly, treadmill
time was increased from 741 (356) to 974
(430) s by atenolol (31t)o increase; p < 0-001)
but to 1272 (514) s by training (7200 increase;
p < 0 001). Treadmill workload increased
from 6-3 (1-9) METs to 7-6 (2 2) METs with
atenolol and to 9 5 (2 9) METs with training.
The improvements in these variables achieved
by exercise training were significantly better
than those achieved by # blockade. During ft
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blockade all- patients except one exercised to

angina. The one exception stopped because of

exhaustion. After training this patient and one

other exercised to exhaustion without angina.
Two other patients were stopped because of
ST depression of > 3 mm after training with
only mild chest discomfort. Both had similar
degrees of ST depression at baseline but with
severe anginal pain.

All patients in the exercise group noted an

improvement in their symptoms within 6-8
weeks of starting training. At one year six
patients were symptom free during normal
daily activities. These six and two others had
stopped taking all antianginal agents except
sublingual glyceryl trinitrate. No patient had
increased drug treatment apart from the
patient with unstable angina who was with-
drawn from the study. Only two further
patients in the exercise group and one control
patient stopped smoking during the study
period. There was a trend towards a reduction
in weight in the exercise group over the study
period, but this was not significant. Though
this was not studied in detail thle impression of
the patients was that "fat" around the waist-
line was replaced by "muscle" around the
chest.

Discussion
A reduction in the chronotropic response to
exercise is the basis for improved exercise

tolerance in "fit" or trained individuals. In
patients with angina pectoris whose exercise
tolerance is limited by myocardial ischaemia at
a fixed heart rate this training effect can result
in significant improvements in exercise
capacity. In men following a short once daily
exercise programme we found improvements
in submaximal heart rate as great as in men
following the more usual regimens of several
lengthy sessions per week-heart rate in stage I
and stage II was reduced by 13 beats per
minute compared with a reduction of 14 beats
per minute achieved by Nolewadjka et al using
gymnasium exercise to 60-70% of maximum
heart rate for five hour long sessions per week
over a seven month period."8 The same degree
of reduction was found by Ehsani et al using
jogging and bicycle ergometry for similar
periods each week up to 80-90% of VO2 max

over a year.'9
We also compared the response to exercise

with that to high dose f blockade, a treatment
that mimics the effect of fitness on heart rate.
We chose atenolol as one of the most commonly
used f blockers and a dose of 100 mg as the
generally recommended dose and one which, in
our experience, results in a considerable reduc-
tion in resting and submaximal heart rate. Our
training programme produced a reduction in
submaximal heart rate that was 570O of that
achieved by 100 mg of atenolol. This in itself
would compare favourably with the more
modest degree of f blockade achieved by many
alternative drug regimens. Many of these
young patients complained of side effects on
high dose atenolol, such as lethargy and cold
extremities, that would have merited a dose
reduction. On the basis of its effect on submax-
imal heart rate alone therefore we believe that
training is a realistic alternative to ft blockade.
While reductions in submaximal heart rate

result in improved exercise tolerance and less
angina it is important to look also at the effect of
these two modes of treatment on maximal heart
rate. ft Blockade reduces the angina threshold
indicating a deleterious effect on the balance
between myocardial oxygen supply and
demand.202' It has been postulated that
increased left ventricular volume increases wall
tension and hence myocardial oxygen demand,
causing a reduction in maximal heart rate. It
has also been suggested that reduced contrac-
tility may be responsible. A previous report
from this department22 supports the alternative
explanation of reduced distal coronary artery
flow in the presence of ft blockade. Whatever
the mechanism, the effect is to reduce the
improvement in exercise tolerance that would
be expected from the reduction in submaximal
heart rate. Our study again confirms this find-
ing. No such effect occurs with exercise train-
ing and most studies show either no change or a
rise in maximal heart rate, the latter being more
likely if training is continued for long periods.
Our study with a training period of one year
produced an 800 increase in maximum heart
rate and an 11 %o increase in maximum double
product. During the same period there were
small reductions in these variables in the con-
trol group. An increase in double product
implies an increase in myocardial oxygen con-
sumption assuming that there is no reduction
in the wall tension or contractility variables that
also affect myocardial oxygen consumption.
Because endurance training causes left ven-
tricular dilatation, however, this would tend, if
anything, to increase wall tension. Evidence
from other studies also suggests that contrac-
tility on maximal exercise is likely to be
increased or unchanged.23 24
One of the earliest studies to show a rise in

maximum heart rate and triple product (heart
rate x systolic blood pressure x ejection time)
was reported by Redwood et al in 1972.8 After
only six weeks' training they showed a 13-4%
increase in triple product. All patients in their
study had angina and exercise training was
carried out at an intensity sufficient to produce
angina. Redwood suggested that the increase in
myocardial oxygen consumption may indicate
improved myocardial perfusion. Alternatively,
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alterations in the haemoglobin oxygen dissocia-
tion curve may allow a greater release ofoxygen
to the myocardium or trained individuals may
simply have a higher pain threshold.
With the exception of Sim and Neil in 19749

most studies carried out over the next decade
showed no improvement in maximum heart
rate or double product.'82526 This failure may
have been related to the trend toward lower
levels of exercise over this period of time. It was
the aim of all of these studies to maintain
exercise below the ischaemic threshold. During
the past decade, however, several workers have
again reported an increase in maximum heart
rate and double product. 0 ' 19 27-30 While most
of these studies have concentrated on the
assessment of left ventricular function or per-
fusion, some have considered other electrocar-
diographic criteria of disease severity. In the
study reported here maximum ST depression
fell from 1-9 (09) mm to 1 6 (1-2) mm despite
an 1 1 % increase in maximum double product.
Ehsani et al reported very similar figures in a
small group of patients on a one year high
intensity programme.'9 Such a reduction in ST
depression makes it unlikely that decreased
pain threshold is responsible for the improved
maximum heart rate. Further weight is lent to
this view by the 12-60o improvement in double
product ST threshold in the training group
compared with a 7-50o deterioration in the
controls over the same period. Though neither
result quite achieves statistical significance, an
intergroup comparison of the interval change
shows a significant difference between those
who trained and those who did not (p < 0 02).
Ehsani et al's study also showed a 22%
improvement in this variable.

Raffo et al and Winter et al studied patients
on the Canadian Airforce PBX schedule in
Leeds."'29 The initial paper reported a six
month study of 12 patients on the programme
and 12 controls, while the second study looked
at longer periods of training in nine of the
original 12, in addition to a further eight
patients. They did not measure symptom
limited exercise tolerance but did report
improvements in heart rate, ST threshold, and
double product ST threshold. As in the study
reported here, improvements in these variables
were found in the training group with
deteriorations in the controls. Like our own
study, all of these studies used exercise of
relatively high intensity in patients with
ischaemic ST depression and angina pectoris.
The conclusions of both groups are similar.
The finding of less ST depression at the same
or greater cardiac workload implies better
myocardial oxygenation, either secondary to
improved myocardial perfusion or to
improvements in oxygen delivery systems.
This study broadly accords with these con-
clusions.
The divergent effects of ,B blockade and

training on maximum heart rate mean that,
despite a lesser degree of blunting of the heart
rate response to exercise, training does in fact
produce a greater improvement in exercise
tolerance and work capacity than # blockade as
measured by combined variables. It might be

argued that we made an unfair comparison
between one week's ,B blockade and one year's
exercise training. There is, however, no
evidence to suggest that long periods of,
blockade result in further improvements in
exercise tolerance. Indeed on theoretical
grounds one might expect that the converse
would occur. Autoregulation of # receptors
might indeed reduce the effectiveness.
We did of course compare the efficacy of

training with trough concentrations of atenolol
in that the exercise tests were carried out 24
hours after the last dose. We recognise the
attenuation of submaximal heart rate was
greater three hours after atenolol administra-
tion than 24 hours after. On the negative side,
however, there is a greater reduction in max-
imum heart rate.3' Published data on the peak
and trough efficacy of various doses of atenolol
showed that a dose of 100 mg resulted in a 28%
improvement over placebo in treadmill time
at three hours compared with a 20%
improvement at 24 hours.3' It is unlikely
therefore that our improvement of 31% at 24
hours with atenolol would have been suf-
ficiently better at three hours to surpass the
72 ), improvement with exercise training.
One weakness of this study was our failure,

despite randomisation, to produce comparable
groups at the outset of the study. While this is
disappointing, the fact that our exercise group
began with a poorer exercise tolerance than the
controls and ended with a significantly better
performance, highlights the effectiveness of
this treatment. The men in the group whose
disease was more severe were also less fit,
suggesting that there is a link between disease
severity and fitness-but what is cause and
what effect is open to debate.
The exercise programme used in this study

was deliberately chosen for its ease of use. Our
patients found that its brief daily format is one
which improves compliance. It requires no
special equipment and is safely used unsuper-
vised at home. It resembles drug treatment
more than conventional time consuming hosp-
ital based programmes. We think that we have
shown that it compares favourably with con-
ventional drug treatment and that it merits
serious consideration by all clinicians as an
alternative to / blockade as an initial treatment
in many patients with angina pectoris.
Our patients had relatively mild ischaemic

heart disease-that is they were young with no
permanent cardiac damage and could be main-
tained off /3 blockade. None the less, they were
significantly limited by angina, experiencing on
average two episodes of painful ischaemia per
day at baseline and with a mean treadmill
workload capacity of only 6 5 METS. Though
the results in more severely affected groups are
unknown we think that the same principles
could be applied to other patients with
ischaemic heart disease and may allow a reduc-
tion in antianginal treatment in all groups.
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