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the 1last become evident that

twenty years it has
strenuous exercise can be safely undertaken by many
Patients following recovery from acute myocardial infarc-
tion (yr), Hellerstein et 3] [1] published in 1963 an
account of an exercise training programme for patients
with coronary disease, stressing the value for morale of
this form of treatment. Since then there have been several
trials reviewed by Haskell[2] @nd by Greenberg (3],
lems have included small numbers, poor matching be-
tween exercise and control groups 2and hlgh drop-out

Prob-

rates. ganne[4] and Wilhelmsen et al. [5] reported = trial
with a well-matched control group but did not establish a

Slgnificant decrease in mortality. Kellerman[é]
Finnish trial still in progress[7] have suggested = benefi-

and a

Clal effect on mortality, but to date this is not proven.
Two 1arge current multi-centre trials in North America
have not so far shown any significant reduction in
“ortality®*]. In 1973 we reported the feasibility of a=
exercise rehabilitation programme[lO] . W& now report =

controlled trial on the effects of exercise in men following
ML.

Patients and Methods

during = 3* year period,
admitted to our coronary care unit. The diagnosis was

1,311 me=n with MT

were

based on ECa changes and/or elevation of serum glutam-
' oxaloacetic transaminase (SGQT) eor lactic dehydro-
genase (LDH) taken on three consecutive days. Twelve
and a half per cent of the patients died in hOSpital, a
further 4.2 ., cent died between digcharge and the first
coronary follow—up clinic six weeks after gdmission, and

8 per cent failed to attend this clinic for other reasons.

The

5 remaining 1,029 (78 per cent of admissions) attend-
ed.

Patients were excluded from the Study for the reasons

Table 1. Reasons for exclusion from the study.

Age over 70 years
Heart failure at follow—up clinic
Cardio-thoracic ratio exceeding 59%

Severe chronic obstructive lung disease

Hypertension requiring treatment
Diabetes requiring insulin

Disabling angina during convalescence

Orthopaedic or medical disorders likely to impede progress in
the gym
Personality disorders likely to render patient unsuitable for the

course

shown in Table 1 and 442 patients (34 per cent of

per cent of clinic attenders)
assessed as suitable. The course was described and then
139 declined for apparent]_y
practical reasems. The 303 patients Who accepted were
then randomly allocated to an exercise group (151) and a
control

admissions and 43

were

offered to these patients;

group (152) .
There was no difference between these two

within 95

groups,

cent confidence limits, in the site of MI

per
(shown in Table j) the number of non-transmural and
transmural Mis, the means of the highest enzyme levels,
smoking habits, known diabetes before MI, previous
history ©f angina or MI, hypercholesterolaemia, family
history ©f coronary heart disease, left ventricular failure
during admission, or type of occupation at the time of
MI. The mean 4¢ Of the exercise gyoup was 50.3 years
(?0.65, the standard error of the mean (GEM)) and of
the control group 52-8 years |+ 0-67 SEM) ; these values
lie outside the 95

per cent confidence limits for the

population mean (50,7-52.5 years).
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Table 2. Site of infarction. Definition of site of MI:
anterior?changes in leads v1-v4; lateral? changeg in leads
V4-V6; inferior?changes in leads 11, III and AVF;
posterior?increase in height ©f R or T waves in V1-v2.

Exercise Control Total
151 152 303
Anterior 19 13 32
Lateral 13 14 27
Antero-lateral 44 43 87
Total 76 70 146
Inferior 44 43 87
Infero-posterior 1 12 23
Infero-lateral 9 15 24
Total 64 70 134
Infero-antero-lateral 2 4 6
Posterior 5 4 9
Unknown 4 4 8

The patients were assessed at their first clinic visit by
hiStOIY, examination, chest radiograph and 12 lead ECG.
They were similarly assessed at gubsequent Visits 5
months after MI and at one, two and three yo,,g after
MI. The mean time of clinical follow—up with exercise
testing in both groups wWas 1.6 years ( 2 0.24 SEM) . The
mean follow-up time for survival and mortality at the end
of the gtydy was 2.1 years | + 0-18 SEM) .

Exercise tegting was performed o= 2 cycle ergometer
after each clinic visit. The work-load was started at 50

watts and was increased gyery 4 minutes by 25 watts. A
two-channel ECG was obtained from VI and V6 posi—
tions, with the negative electrode on the right shoulder.
The gystolic P1ood pregsure was obtained from the right
arm by palpation. The test was terminated when the
heart rate reached 85 o, cent Of the age-predicted maxi-
age * 0.65[11,12]) o=
if angina, uncomfortable breathlessness, fatigue, or fail-
ure Of the systolic blood pressure to rise with increase in

mum (maximum heart rate — 210

work-load occurred.

cycling time.
Following the first exercise tegt, the exercise gyoup

attended the hospital gym twice weekly for 12 weeks.

They were supervised by a doctor and a physical educa-
tionalist and full resuscitative equipment was available in

Fitness was expressed as the total

an adjacent room.
circuit basis and pur

(Details of the course are available from the authors on

request.) On completion ©f the course patients were
advised to maintain their fitness by continuing with

The exercises were arranged on a

e 1sometric exercise was avoided.

similar types of exercises or with other methods of their
choice but we did not gttempt to assess what further
exercise was taken.

Drop-outs. Twenty (13 per cent) in the exercise groyp
failed to attend the gym after selection and testing. A

further 25 (17 per cent) dropped out after Starting the

course, 14 for non-medical reasons and 11 for medical

reasons (tyo had further MI at home, two developed
heart failure, two developed supraventricular tachycardia
in the gym, ome developed DPressler's gyndrome, one
developed glaucoma, o=e had backache, one= developed
thyrotoxicosis and eme injured his hand at home)., Two
patients died during the ceurse. The yemgining 104 (69
per cent of those selected and 79 oy cent of those who
started in the gy—m) completed the course.

In the control group 9 (6 per cent) failed to attend for
first and/or second testing. Another five patientg were
excluded from second tegting for medical reasons (tyo
developed heart failure, ome developed Dressler's gyn.
drome, one developed myxoedema 2and eone developed
paroxysmal ventricular tachycardia). Three patients died

between the first and second test. In the control group 135
patients were tested twice.
Symptoms during testing and the exercise couwrse. During

testing there were no complications or arrhythmias re-
quiring treatment.

No deaths or cardiac arrests occurred in the gym.

In the gym 73 patients (70 per cent of those who
completed the course) reported =c symptoms and re-

quired me treatment. Nineteen patients reported angina
on one or more occasions. Other reported symptoms

included occasional dyspnoea and fatigue‘

Patients receiving beta-blockers. Of those who completed the
exercise course eight were on beta-blockers at first testing
and 16 at second testing. Seven of these were on beta-
blockers at both tests and throughout the course. In the
control group 20 were on beta-blockers at first testing and
25 at second tegting, Eighteen ©f these were om beta-
blockers at both tests. The difference in numbers of

exercise and control patients on beta-blockers 1is not

significant.
Statistical Methods

Chi-square, Fisher's exact probability and Student /-test
were used to test for significance. Cumulative survival
curves and cusum (cumulative sum) chartg[13] were used
to analyse mortality @nd comparisong between the groups

were made with Peto's[14] 1Ogrank test.
The values given in the text are followed by the (2 )

standard error of the mean.

Results

Mortality. Total mortality is shown in Table 3(a) and the
mortality after completing the course, i-e. excluding the
drop—outs and deaths from both exercise and control
groups during the exercise period, is shown in Table j(p),
There does appear t° be a reduction in mortality in the
exercised patients with inferior MI, which is not ex-
plained by drop-outs from the exercise course who died
later.

The mean age of death in the exercise was 49.8

group

group 57-2 [ 2 1.6
SEM) . This difference is significant (P<0.05). It can be

years ( 2 2.1 SEM) and in the control
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Table 3(a), Total mortality in exercise and control groups.

Exercise Group Control Group P
Total Deaths Total Deaths
Ant/Lat 76 10(13%) 70 8 (11%) NS
Inferior 64 1(2%) 70 10(14%) <0.01
Others 11 1(9%) 12 3 (25%) NS
Total 151 12 (8%) 152 21 (14%) NS

Table 3(b). Mortality of those who completed the exercise

programme period.

Exercise Group Control Group P
Total Deaths Total Deaths
Ant/Lat 50 (14%) 59 4 (7%) NS
Inferior 49 0 65 8 (12%) <0.05
Others 5 0 11 3 (27%) NS
Total 104 7 (8%) 135 15(11%) NS

Partially explained by the difference in the mean ages ©f
the total groups. In those who died, and in the sub-groups
with inferior MI, there was no difference between exer-
cise and control gyoups in the incidence of previous MI,
smoking habits before MI, previous hypertension, inci-
dence of diabetes' angina before MT , whether the MI was
transmural or non-transmural, mean hlghest levels of
SGOT or I,.DH, or in physical fitness at first tegting.

Further myocardial Infarction with Survival. Dyring the
time of the exercise course, three patients in the exercise

group and four control patients survived further MI.
After completion ©f the course by the exercise group eight
exercise patients and six control patients survived further
Ml. Neither these differences nor the site of the first MT

was gignificant.

Physical Fitness. The results of the exercise testing in the
EWO groups 2re shown in Fig, 1 and the statistical analysis
?f this data is given in Tables 4 and 5. There were no
Slgnificant differences in the pattern ©f changes in physi-
cal fitness between those patients in either gyoup with
mferior or anterior MI.

The results shown in E‘ig. 1 and Tables 4 and 5 include
Patients who were on beta-blockers. When these patients
Were excluded there were no differences in the results.

Angina of Effort. After the course, angina of effort was
reported in 23 o cent of the exercise grouyp and 38 per
cent of the control group. This difference is gignificant
(9A<005) and is due to less angina in those with inferior
Ml- After the course, nine of the exercise patients with
mferior MI were having angina of effort compared with
. of the control patients. This difference is significant
( <005) Of those with angina after the course, there
Was no significant difference between the exercise and
control o oups in history of previous MT o= hypertension,
angina before MI or in gymoking habits. None of the
Patients who dropped out before or during the exercise
programme admitted to angina as the reason for doing so.

[Exercisel
A

T

= Exercise group

= Control group

?T
6 5

weeks months

lyear 2 years 3 years

?Timefrom M !

Fig. 1. Fitness as assessed by mean cycling time. Vertical bars
represent standard error gf mean.

Table 4. Statistical analysis of exercise testing in those who
completed the exercise course. Exercise versus control group

at follow-up tests- (Unpaired Mests).

At ¢ value d.f. Probability
st Follow-up 1.25 237 >0.1 NS
2nd Follow-up 7.38 237 <0.001
3rd Follow-up 4.18 174 <0.001
4th Follow-up 3.58 104 <0.001
5th Follow-up 1.15 44 >0.1 NS

Table 5. Comparison of changes within the groups between
the first and second follow—up (paired /-tests).

Group & value d.f. Probability
Exercise 13.71 102 <0.001
Control 4.77 133 <0.001

Return to Work. Eighty-one per cent of both exercise and
control groups Who were yorking before MT returned to
work after MI. There was no gignificant difference be-

tween the two in the mean time 0Of return to work

groups
following MT (exercise 13 weeks, control 12 yeeks).

Heart Size. Heart size assessed by cardiothoracic ratio was
the same in the exercise and control groups before and
after the course, With a mean value of 45 pop cent. Heart
size in those who died or who survived further MI in both

groups was not significantly different from the total.

Smoking Habits. Seventy-five per cent of all patients wexe
smokers at the time of MT. When in hogpital 2!l patients

were advised to gtop smoking and this advice was repeat-
ed at follow-up visits. At the first follow-up clinic 26 pey
cent in both groups Were smoking and on completion of

JPurnal of the Royal College of Physicians of London Vol. 16 No. 3 gyly 1982 149



the course 30 pop cent of the exercise patients and 25 per
cent of the control patients were smoking. This difference

is not gignificant.

Weight. There was no difference in the mean weight of
either group 3t first or second follow-up. There was no

significant change ir weight in either gyoup.

Fasting Blood Lipids. There was a gignificant reduction in
fasting triglycerides in the exercise groyup after completion
of the course (Tgble 6). There was no gignificant change
in serum cholesterol.

A summary °f the trial is shown in Fig. 2.

Table 6. Fasting blood triglycerides. (Mean values in mmol/
litre and in mg/100 ml in hrackets.)
Exercise Group Control Group

First Follow-up
Second Follow-up

2.07 (182) 2 0.16 1.96 (172) + 0.13
1.64 (144) 2 0.11 1.77 (156) 2 0.14
P< 0.05 NS

Fig. 2- Summary of trial.

Discussion

This work confirms that gypervised exercise training after
MI is safe. No disasters occurred during the exercise

testing o subsequent exercise training in the gymnasium.
The difference in fitness between the exercise and control

patients after completion of the course was highly signifi-
cant (P< (),001) and so was the increase in fitness in the

exercise group (P<0.001).

Kallio[7] has indicated that the time of return to work
after MT 5y, not be affected by exercise rehabilitation.
This was so in our study. The exercise patients returned
to work no earlier than the control group. This disap_

pOil’ltil’lg result was probably due to a combination of

factors, including the patients' reluctance to return to
work before completing the course.

Both exercise and control showed a similar

groups
reduction in smoking after MI. Fasting blood triglycer-
ides were reduced in the exercise group slightly but

significantly. There was no change in serum cholesterol.
These results are similar to those in other studies[15].
Sanne[4] emphasised the high drop-out rate that oc-
curred during exercise rehabilitation and that the longer
the course the higher this became. In our study 13 per
cent failed to attend the gymnasium after they had been

selected and exercise tegted, and a further 17 per cent

dropped out after gtarting the course.

TwoO current triglg[8,9] have used methods of selection
different from ours and their results are not, therefore,
comparable with ours. Their results to date have not

shown any significant reduction in mortality in the

exercise group.

As in other gtydies, our work has shown no significant
decrease in mortality for the exercise group. However, it
does raise the possibility that exercise training reduces the
mortality of those with inferior infarction. None of the
exercise patients with inferior MI who completed the
course died, compared with eight of the control group
(/><0.05). This difference is not explained by patients
with inferior MI dropping out from the course and
subsequently dying. In gpite of the random allocation of
patients it is possible that the control gyoup with inferior
MI had more severe coronary disease than the exercise
group Who completed the course. The glight but gignifi-
cant difference in ,4¢ in the control group Wwould be
compatible with this and the increased incidence of
angina and the higher mortality might be due to the
presence Of more severe .oronary disease. Nevertheless,
the alternative pOSSlblllty is that the exercise course was

responsible for the apparent improvement in mortality
and the lower incidence of angina. These results for
inferior infarction patients are, however, open t° ques-
tion, as the site of MI was not one of the criteria for
randomisation. Since the majority of inferior MI is due to
right coronary disease it is possible that exercise induces a
greater increase in collateral circulation in such patients.
Thallium flow studies[16] suggest that this may be so. We
are unaware oOf other exercise rehabilitation studies corre-
lating the site of MTI with mortality and further investi-
gation of this interesting aspect would require = large
randomised trial of patients with inferior MI.

One-third of all ocur male admissions with MI to the
coronary care Unit were considered suitable for an exer-
cise course six weeks after MI. Since our contraindica-

tions to exercise were probably moxre ].’lgld than was

150 Journal of the Royal College of Physicians of London Vol. No. 3 jyly 1982



necessary for safety, it is apparent that many patients are
suitable for an exercise course. Heart failure and angina
with Slight exertion were the commonest contraindica-
tions. Improvement in morale was obvious and increase
in fitness was impressive. For these reasons a course such
as ours seems desirable for patients after MI and we

continue to run our course as a service commitment.

Summary

Six weeks after acute myocardial infarction, 303 men
were randomly divided into exercise and control groups.
The exercise group attended the hospital gymnasium
twice weekly for a three-month Supervised exercise
course. Both groups were exercise tested before and after
the course and at gubsequent follow-up.

The exercise group increased their physical fitness
greatly compared With the control group.

Elght per cent of the exercise group died during the
period of follow-up, compared with 14 pep cent of the
control group; this difference is not significant. There was
an apparent improvement in mortality in those with
inferior MT who completed the exercise course, which was

not seen in those with MI in other sites.

FOY many patients after MT progressive exercise is gafe,

improves physical fitness and may reduce mortality for
those after inferior MI. :
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