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Abstract
Objective-To assess the relation be-

tween reported physical activity and the
risk of heart attacks in middle aged
British men.
Design-Prospective study of middle-

aged men followed for a period of eight
years (The British Regional Heart
Study).
Setting-One general practice in each

of 24 British towns.
Participants-7735 men aged 40-59

years at initial examination.
End point-Heart attacks (non-fatal

and fatal).
Measurements and main results-

During the follow up period of eight
years 488 men suffered at least one major
heart attack. A physical activity score
used was developed and validated
against heart rate and lung function
(FEV1) in men without evidence of
ischaemic heart disease. Risk of heart
attack decreased significantly with
increasing physical activity; the groups
reporting moderate and moderately
vigorous activity experienced less than
half the rate seen in inactive men. The
benefits of physical activity were seen
most consistently in men without pre-
existing ischaemic heart disease and up
to levels of moderately vigorous activity.
Vigorously active men had higher rates
of heart attack than men with moderate
or moderately vigorous activity. The
relation between physical activity and
the risk of heart attack seemed to be
independent of other cardiovascular risk
factors. Men with symptomatic
ischaemic heart disease showed a reduc-
tion in the rate of heart attack at light or
moderate levels of physical activity,
beyond which the risk of heart attack
increased. Men with asymptomatic
ischaemic heart disease showed an
increasing risk of heart attack with
increasing levels of physical activity, but
with a progressive decrease in case
fatality. Overall, men who engaged in
vigorous (sporting) activity of any
frequency had significantly lower rates of
heart attack than men who reported no
sporting activity. However, when all men
reporting regular sporting activity at
least once a month were excluded from

analysis, there remained a strong inverse
relation between physical activity and
the risk of heart attack in men without
pre-existing ischaemic heart disease.
Conclusion-This study suggests that

the overall level of physical activity is an
important independent protective factor
in ischaemic heart disease and that
vigorous (sporting) exercise, although
beneficial in its own right, is not essential
in order to obtain such an effect.

There is considerable evidence that increased
levels of physical activity are associated with
lowered incidence rates of ischaemic heart
disease.' Particular attention has been paid to
leisure time activity because few middle-aged
men do physically demanding work and
because, in public health terms, occupational
activity is not amenable to change. Studies in
British civil servants suggest that exercise is
associated with a reduced risk of coronary
events only when the exercise is both vigorous
and sustained.' This raises the important
issue of whether lesser levels of physical
activity have any effect on diminishing the risk
of heart attack, an issue of considerable
importance in a society in which regular
vigorous activity is exceptional. Studies in the
United States suggest that there is a con-
tinuous relation between physical activity and
protection from heart attack."7 It has been
suggested that this beneficial effect is largely
mediated by the effects of physical activity on
known coronary risk factors.8 In most studies,
the relation has been examined in people free
of clinical evidence of ischaemic heart disease
and little is known about the long term effects
of exercise in people with pre-existing
evidence of ischaemic heart disease. The
present paper examines the relation between
physical activity and risk of heart attack
in middle-aged men, drawn from general
practices in 24 British towns, which are
representative of the socioeconomic distribu-
tion of men in Great Britain. It includes men
with pre-existing ischaemic heart disease.

Subjects and methods
The British Regional Heart Study is a large
prospective study of cardiovascular disease
comprising 7735 men aged 40-59 selected from
age-sex registers of one group general practice
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in each of 24 towns in England, Wales, and
Scotland. The criteria for selecting the town,
the general practice, and the subjects as well as
the methods of data collection have been re-
ported.9 Research nurses administered to each
man a standard questionnaire that included
questions on smoking habits, alcohol intake,
physai=-activity, and medical history. Several
physical measurements were made and blood
samples were taken for measurement of bio-
chemical and haematological variables. Details
of the measurement of serum lipid concentra-
tions have been described.'0 The men were
classified according to their current smoking
status into five groups: those who had never
smoked, ex-cigarette smokers, and three
groups of current smokers (<20, 20, >20
cigarettes/day). Those who had only ever
smoked pipe/cigars were grouped as "never
smoked". Ex-cigarette smokers who currently
smoked pipe/cigars were grouped as ex-
cigarette smokers. Alcohol consumption was
recorded using questions on frequency, quan-
tity, and type, similar to those used in
the 1978 General Household Survey. Heavy
drinkers were defined as those who regularly
drank more than six drinks a day. The longest-
held occupation ofeach man was recorded, and
the men were grouped into one of six of the
Registrar General's social classes: I, II, III
non-manual, III manual, IV, and V. Men who
had spent most of their working life in the
armed forces form a separate group. For some
analyses social classes I, II, and III non-
manual were combined as non-manual workers
and social classes III manual, IV, and V as
manual workers. Body mass index calculated as
weight/height' was used as an index of relative
weight. Each man was weighed in trousers and
socks to the nearest 0-1 kg on an MPS110 field
survey scale and height was measured without
shoes to the nearest millimetre with a
Harpenden Stadiometer with digital meter.
Obesity was defined as > 28 kg/m2, which
represents the top 20% of the body mass index
distribution in these men. Heart rate was
determined from the. electrocardiogram.
Forced expiratory volume in one second
(FEVy) was measured by a Vitalograph
spirometer (model J49-B2) with the subject
seated. Two consecutive readings were made
15 seconds apart and the maximum of these two
readings was used. The FEV, values used in
this paper are height standardised to 1-73 m,
the average height of the men in this study.

BREATHLESSNESS
A modified version of the Medical Research
Council Questionnaire on Respiratory Symp-
toms (1966 version) was administered at the
initial examination. Each man was asked:
(a) Do you get short of breath walking with
people your own age on ground level? (b) On
walking up hills or stairs, do you get more
breathless than people your own age? (c) Do
you ever have to stop walking because of
breathlessness? Each affirmative answer scored
1, giving a possible score of 0-3. Those who
scored 2 1 were defined as those reporting
symptoms of breathlessness.

Table 1 Type and duration/frequency ofphysical
activity with assigned scores and number ofmen

Activity Score n

Regular walking:
None 0 4459
.20 min/weekday 1 822
21-40 2 941
41-60 3 717
61-90 4 162
>90 5 79

Recreational activity:
Very inactive 0 333
Fairly inactive 1 906
Average (4 h/weekend) 3 2478
Fairly active 5 2086
Very active 7 1899

Cycling:
None 0 6759
<15min/day 2 64
16-30 4 233
31-45 6 110
46-60 8 68
>lh 10 23

Sporting activity:
None 0 4722
Occ (< Imnth) 2 894
1-3 times/mnth 4 390
4-7 8 764
8-11 12 421
12-15 16 233
16-19 20 93
>20 24 190

These categories are not mutually exclusive.

PRE-EXISTING ISCHAEMIC HEART DISEASE
The prevalence of ischaemic heart disease was
measured in three ways at initial examination.
(a) The men were asked whether a doctor had
ever told them that they had angina or myo-
cardial infarction (heart attack, coronary
thrombosis).
(b) The WHO (Rose) chest pain questionnaire
for angina or possible myocardial infarction
was administered to all men at the initial
examination.1"
(c) A three orthogonal lead electrocardiogram
was recorded at rest and analysed by computer
in the Department of Medical Cardiology,
Glasgow Royal Infirmary.
The men were separated into three groups

according to the degree of evidence of
ischaemic heart disease present at screening.
(A) No evidence of ischaemic heart disease on
WHO (Rose) chest pain questionnaire, elec-
trocardiogram, or recall of a doctor diagnosis of
ischaemic heart disease (n = 5767).
(B) Men with evidence suggesting ischaemic
heart disease short of a definite myocardial
infarction. This group contains those with
electrocardiographic evidence of possible
myocardial infarction and definite or possible
myocardial ischaemia, those with angina or a
possible myocardial infarction on WHO chest
pain questionnaire, or those with recall of a
doctor-diagnosis of angina (n = 1515).
(C) Men with evidence of a previous definite
myocardial infarction on electrocardiogram or
who recalled a doctor diagnosis ofa heart attack
(n = 428).

In the subsequent analyses men in groups B
and C are regarded as having pre-existing
ischaemic heart disease.

PHYSICAL ACTIVITY
The men were asked to indicate their usual
pattern of physical activity, under the headings
of regular walking or cycling, recreational
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activity, and sporting (vigorous) activity. A
physical activity (exercise) score was derived
for each man based on the frequency and type
(intensity) of the physical activity. Scores were
assigned for each type of activity and duration
based on the intensity and energy demands of
the activities reported (table 1). This was based
on the recommendations of a National Heart,
Lung and Blood Institute (NHLBI) work-
shop'2 and the Minnesota intensity codes.'3
Scores were heavily weighted on vigorous
exercise. Physical activity at work was excluded
from the score partly because few middle-aged
men do physically demanding work and partly
because such activity is not readily amenable to
modification. Though the gradings were
arbitrary we tried to ensure that any given score
implied approximately equal intensity and
energy demands for the various types of
activity. The total score for each man was not a
measure of total time spent in physical activity
but was a relative measure of how much
physical activity has been carried out or energy
expended. Regular walking and cycling related
to weekday journeys, including those to and
from work. Recreational activity includes
gardening, pleasure walking, and do-it-your-
self jobs. Sporting (vigorous) activity includes
running, golf, swimming, tennis, sailing, dig-
ging, etc. It was not possible to identify the type
of vigorous activity for each man (copies of the
questionnaire are available on request) but it
was regarded as being vigorous.

PHYSICAL ACTIVITY INDEX
The men were grouped into six broad
categories based on their total score.
0-2 Inactive (n = 686).
3-5 Occasional (n = 2345). Regular walk-

ing or recreational activity only.
6-8 Light (n = 1761). More frequent

recreational activities or vigorous exer-
cise less than once a week.

9-12 Moderate (n = 1205). Cycling or very
frequent recreational activities or sport-
ing activity once a week.

13-20 Moderately vigorous (n = 1120). Sport-

ing activity at least once a week or
frequent cycling, plus frequent
recreational activities or walking; or
frequent sporting activity only.

.21 Vigorous (n = 513). Very frequent
sporting exercise or frequent sporting
exercise plus other recreational
activities.

FOLLOW UP
All men, whether or not they showed evidence
of ischaemic heart disease at initial examina-
tion, were followed up for all cause mortality
and cardiovascular morbidity. Information on
death was collected through the established
"tagging" procedures provided by the
National Health Service registers in Southport
(England and Wales) and Edinburgh
(Scotland). Major ischaemic heart disease
events (fatal and non-fatal) were based on an
eight year period of follow up for all men. A
non-fatal myocardial infarction was diagnosed
according to WHO criteria. Fatal events were
defined as death from ischaemic heart disease
(International Classification of Disease 9th
revision: codes 410-414) as the underlying
cause. They comprised any ischaemic heart
disease death in an individual during the eight
year follow up irrespective of a previous non-
fatal event during that period. Case fatality was
defined as the proportion ofthe major ischaemic
heart disease events in which death occurred
during the first event during follow up and
within 28 days and in which the death certificate
recorded ischaemic heart disease (ICD codes
410-414).

STATISTICAL METHODS
Multiple logistic regression was used to obtain
the rates adjusted for age, smoking, body mass
index, and social class and the relative risks
adjusting additionally for breathlessness, high
density lipoprotein-cholesterol, total cho-
lesterol, and systolic blood pressure. Age,
body mass index, high density lipoprotein-
cholesterol, total cholesterol, systolic blood
pressure were fitted as continuous variables,
physical activity as five dummy variables,
smoking as four dummy variables (never, ex-,
light, moderate and heavy), social class as two
dummy variables (manual, non-manual and
armed forces) and breathlessness as three
dummy variables (none, light, moderate and
severe). Tests for trend were assessed by
assigning quantitative values 1-6 for the six
groups of physical activity and fitting physical
activity as a continuous variable rather than as
five dummy variables.

Results

Within the eight year follow up there were 488
major ischaemic heart disease events ("heart
attacks") (fatal 217 and non-fatal 271). The
physical activity total score was available for
7630 men. Some men did not provide details on
all the components that contributed to the score
(n = 105, including six who experienced a
heart attack) and they have been excluded from
analyses that use the total score. The total score

1600
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Figure 1 Distribution ofphysical activity index in 7630 men.

386



Physical activity and ischaemic heart disease in middle-aged British men

Figure 2 Mean heart
rate and FEV, according
to physical activity index
in 5714 men with no
evidence of ischaemic heart
disease. Means adjusted
for age, body mass index,
social class, and smoking
status.
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ranged from 0 to 41 with a median of 7. Figure 1
shows the distribution of the score.

VALIDITY OF THE SCORE
It is well established that regular exercise
improves physical fitness and lowers heart rate.
Because heart rate is strongly influenced by the
presence of pre-existing heart disease we
examined the association between physical
activity and heart rate in men with no evidence
of ischaemic heart disease (fig 2). There was a
strong association between physical activity
and heart rate even after adjusting for age, body
mass index, social class, and smoking, with
heart rate decreasing significantly with increas-
ing activity (p < 0 0001).
FEv, was also considered as a possible

method ofvalidating the physical activity index
and it increased progressively with increasing
physical activity (p < 00001), even after
adjusting for age, body mass index, social class,
and smoking (fig 2). However, although
ventilatory capacity is related to recreational
activity, it is poorly correlated with other
measures of physical fitness'4 and validation in
this study rests on the relation with heart rate.

PHYSICAL ACTIVITY AND HEART ATTACK
Figure 3 shows the crude and age adjusted
heart attack rates for all men in the study
separated into the six physical activity
categories. Men who were inactive had a
significantly higher attack rate than all other
men and risk decreased significantly with
increasing activity (p < 0001). The apparent
benefit ofphysical activity was most clearly seen
in those who did moderate to vigorous activities
(score > 9). These men had more than a 50%
reduction in the risk of heart attack compared
with men who were inactive.

PHYSICAL ACTIVITY AND PERSONAL
CHARACTERISTICS
Because physical activity is known to be
associated with other health related behaviours
and is also conditioned by ill health, we

0-2 3-5 6-8 9-12 13-20

Physical activity index
21+

examined the personal characteristics and
prevalence of ischaemic heart disease in the six
physical activity categories (table 2). Those
who were moderately active or more (score >
9) tended to be younger and were more likely to
be non-manual workers. There was little
difference in age and social class between those
who were inactive (0-2) and men who were
occasionally or lightly active (score 3-8). The
proportion of current smokers decreased with
increasing physical activity. The proportion of
ex-smokers was similar in all groups. The
proportion of men who had never smoked was
highest in the most active group and decreased
considerably towards those who are inactive.
The proportion of obese men decreased
progressively with increasing activity even
though the mean body mass index only
decreased slightly. Inactive men were more
likely to be heavy drinkers (> 6 drinks daily)

16
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0
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Physical activity index

Figure 3 Heart attack rates (per 1000/year) according
to physical activity index. Crude rates (*) with 95%
confidence intervals and age adjusted rates ( x ).
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Table 2 Personal characteristics and prevalence of ischaemic heart disease and breathlessness according to physical
activity score

Physical activity index

0-2 3-5 6-8 9-12 13-20 21+

No ofmen() 686 (9) 2345(31) 1761 (23) 1205 (16) 1120(15) 513(7)
No.IHD events 71 171 116 56 44 24

Age:
Mean 50-9 50-8 50-6 50-1 49-S 49-0
SE (0-22) (0.12) (0.14) (0-17) (0-17) (0.26)
% 55-59 29 28 28 27 18 20

% Manual 67 66 64 58 47 42
% Smoker:
Current 53 44 44 40 29 28
Ex 32 35 33 35 38 39
Never 15 19 23 25 33 33

Mean BMI: 25-8 25-7 25-4 25-3 25-4 25-0
SE (0-15) (0-07) (0.08) (0109) (0-08) (0.12)
%Obese 25 22 19 16 17 13

%Heavydrinkers 16 11 11 9 9 9
% IHD (any): 36 27 26 23 20 16
%angina (Q) or recall
of angina (DR) 25 16 15 12 10 7

% MI (ECG/DR) 8-8 6-8 5-1 4-8 3-9 2-2
Breathlessness:
% Any 36-9 21-4 17-0 12-0 7-6 5-3
%Severe 12-3 4-3 2-5 2-1 1-0 0-2

BMI, body mass index; DR, recall of doctor diagnosis; ECG, on electrocardiogram; IHD, ischaemic heart disease; MI,
myocardial infarction; Q, on WHO (Rose) questionnaire.

but there was little difference between the other
activity groups. There was a strong association
between physical activity and presence of pre-
existing ischaemic heart disease, the prevalence
tending to decrease with increasing physical
activity. Those who were inactive had the
highest prevalence of angina. The proportion
of men with definite myocardial infarction
decreased steadily as physical activity
increased. The proportion of men reporting
any degree of breathlessness, in particular
severe breathlessness, decreased considerably
with increasing activity. This is likely to be
associated with both the high prevalence of
ischaemic heart disease as well as the lack of
physical fitness.

PHYSICAL ACTIVITY, AGE, AND HEART ATTACK
The relation between physical activity and risk
of heart attack was examined separately in
those aged 40-49 and 50-59 after adjustment
for smoking, social class, and body mass index
(fig 4). In the older men being inactive was
associated with a high rate of heart attack,
suggesting the effect of pre-existing ischaemic
heart disease. In younger men, those who were
inactive had rates similar to occasionally or
lightly active men. However, in both age
groups moderate (9-12) to moderately vigorous
(13-20) activities were associated with lower
rates than inactive or occasionally active men.
In younger men, those who were most active
had a risk similar to the inactive, occasional, or
lightly active men. In these men the risk of
heart attack was significantly higher (p = 0 03)
than in the moderately vigorous men. This was
not seen for older men, and may reflect random
variation or the type of sport undertaken. In
these younger vigorously active men there was
no undue increase in the proportion of sudden
death.

PHYSICAL ACTIVITY AND PRE-EXISTING
ISCHAEMIC HEART DISEASE
Because the presence and severity of ischaemic

heart disease is likely to condition patterns of
physical activity, we examined the relation
separately in men with and without ischaemic
heart disease, adjusting for age, social class,
body mass index, and smoking (fig 5). In men
without pre-existing ischaemic heart disease
there was a strong inverse association between
physical activity and heart attack up to levels of
moderately vigorous activity (p < 0 001).
Those who were occasionally or lightly active
showed a small decrease in risk of heart attack
compared with inactive men. Those engaged in
moderate or moderately vigorous activity had
more than a 50% reduction in risk of heart
attack compared with inactive men. The
vigorously active men had a significant increase
in risk compared with those who were engaged
in moderate or moderately vigorous activity
(p = 0 03). Because breathlessness has also
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Figure 4 Heart attack rate (per 1000/year) in men
aged 40-49 and 50-59 years according to physical
activity index. Adjustedfor body mass index, social class,
and smoking. Number of heart attack events indicated on
figure.
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Figure 5 Heart attack
rates (per 1000/year)
according to physical
activity index in men with
and without evidence of
ischaemic heart disease.
Adjustedfor age, body
mass index, social class
and smoking. Number of
heart attacks indicated on
figure.
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Table 3 Mean levels (SE) of riskfactors according to physical activity index in men with no evidence of ischaemic
heart disease

Physical activity index

0-2 3-5 6-8 9-12 13-20 21+

No ofmen 442 1706 1307 934 894 431
Systolic blood pressure (mm Hg):
Mean 143-8 143-0 142-2 142-1 1410 142-5
SE (1-00) (0 69) (0-74) (0.81) (0 84) (1.08)
Adjusted for HR 142-7 142-7 142-0 142-1 141-3 143-3

Diastolic blood pressure (mm Hg):
Mean 82 7 81-2 80-7 80-5 79-7 80-6
SE (0 65) (0-43) (0-47) (0-51) (0-53) (0 68)
AdjustedforHR 82 1 81-0 80-6 80-5 79-9 81-1

Cholesterol (mmol/l):
Mean 6-36 640 6-37 6-27 6-35 6-30
SE (0 06) (004) (004) (004) (004) (006)

HDL cholesterol (mmol/l):
Mean 1-15 1-14 1-15 1-15 1-17 1-19
SE (0-01) (0-01) (0 01) (0-01) (0-01) (0 01)

All relations adjusted for age, body mass index, social class, and smoking state.
HDL, high density lipoprotein; HR, heart rate.

seemed to fall in the more vigorously active
men (> 13) the numbers were small. Case
fatality was lowest in the most active men. The
prevalence ofdefinite myocardial infarction and
ofdefinite myocardial ischaemia didnot differ in
any systematic way between the physical
activity groups. Breathlessness (grades 2 and 3
combined) declined from a prevalence of
20-2% in the inactive to 3-8% in the
moderately vigorous and vigorously active
men. Because this did not relate to the electro-
cardiographic evidence of myocardial damage
it is likely to reflect their degree of physical

rate. The association between physical activity
and systolic blood pressure was no longer
significant. The association with diastolic blood
pressure was reduced considerably but
remained significant (p = 003). Physical
activity showed no association with total
cholesterol concentration but there was a

tendency for high density lipoprotein choles-
terol to rise with increasing physical activity
(p < 0 01). However, high density lipoprotein
cholesterol was raised significantly (by 3%)
only in the men who were vigorously active.
To assess whether the beneficial effect of

fitness. physical activity on risk of heart attack is
mediated in part by its influence on risk factors

SOCIAL CLASS AND HEART ATTACK (tables 2 and 3) we examined the relation in
The relation between physical activity and men without ischaemic heart disease, adjusting
heart attack in men without evidence of as previously for age, body mass index, social
ischaemic heart disease was similar in both class, and smoking status (see fig 5) and then, in
social classes. Those who carried out moderate addition, for systolic blood pressure, blood
or moderately vigorous activity (13-20) showed lipids, FEV1, breathlessness, and heart rate.
a large reduction in the risk ofheart attack. Risk Heart rate has been shown in some studies to be
increased in those in the vigorous activity associated with an increased risk of coronary

group in both social classes (data not heart disease independent of other risk fac-
presented). tors."6 The findings are presented in terms of

relative risks (table 4). After the additional
PHYSICAL ACTIVITY AND RISK FACTORS adjustment there was only a small reduction in
Several studies have suggested that exercise is risk in those who were occasionally or lightly
positively associated with a more favourable active compared with inactive men. Men who
risk factor state. Because those with pre-exist- were moderately active or who undertook
ing ischaemic heart disease are likely to have a moderately vigorous activity still showed a
greater frequency of adverse risk factors and significant reduction in the risk ofheart attacks.
because the presence of ischaemic heart disease The vigorously active men had the most
may lead to changes being made in risk factor favourable risk factor state overall, and yet after
state, we examined the relation between
physical activity and blood pressure and blood
lipids in men with no evidence of ischaemic
heart disease after adjusting for age, body mass

index, social class, and smoking (table 3).
There was a tendency for blood pressure to
decrease with increasing activity, the decrease
being greater for diastolic than for systolic
(p = 0-04 and p < 0-01 respectively).
However, in the most active group blood
pressures increased slightly. Because physical
activity is strongly and inversely associated
with heart rate, which is also correlated with
systolic and diastolic blood pressure (r = 0-2,
p < 0X0001 and r = 0-18, p < 00001
respectively), adjustments were made for heart

Table 4 Adjusted relative risk (and 95% confidence
intervals) of heart attack according to physical activity
index in 5714 men without pre-existing ischaemic heart
disease

Physical activity Adjustedt
index Adjusted* in addition

0-2 1-0 1-0
3-5 0-8 (0S5 to 1-2) 0-9 (0-5 to 1-3)
6-8 0-8 (0 5 to 1-2) 0-9 (0-6 to 1-4)
9-12 04 (0-2 t 08) 05 (02 to 08)
13-20 0-4 (0-2 to 0 8) 0-5 (0-3 to 0-9)
21+ 0-8(0-4to 1-4) 0-9(0-5to 18)
* Adjusted for age, body mass index, social class, and smoking
status.
t Adjusted in addition for systolic blood pressure, total
cholesterol, HDL cholesterol, FEV,, breathlessness, and heart
rate.
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Table S Type and durationlfrequency ofphysical activity, number ofmen and cases of heart attack, and heart attack
rates (per 1000/year) in men with and without pre-existing ischaemic heart disease

Rate/1000/year*

Physical activity No (%) of men No of cases No IHD IHD

Regular walking:
None 4676 (61) 301 5-5 (3510) 15-6 (1166)
<20min/weekday 860 (11) 53 5-4 (647) 14-8 (213)
21-40 996 (13) 62 5-5 (762) 14-4 (234)
41-60 828 (10) 45 3-6 (602) 14 4 (226)
> 1 hour 305 (4) 24 6-0 (221) 20-6 (84)

Regular cycling:
None 7205 (93) 459 5-4 (5378) 15.5 (1827)
<30min 294(4) 16 44 (224) 151 (70)
> 30 207 (3) 10 4.9 (171) 12-4 (36)

Recreational activity:
Inactive 333 (4) 35 8.0 (194) 17.3 (139)
Fairly inactive 906 (12) 76 6-8 (658) 19-3 (248)
Average 2478 (32) 151 5-3 (1847) 15-1 (631)
Fairly active 2086 (27) 125 5-1 (1593) 15-8 (493)
Very active 1899 (25) 98 5 0 (1474) 12-8 (425)

Sporting exercise:
None 4722 (61) 354 6-1 (3401) 15-1 (1321)
Occasionally 894 (12) 47 4-1 (672) 15-1 (222)
1-3 times/mnth 400 (5) 12 1-8 (333) 18-0 (67)
4-7 770 (10) 30 4-1 (615) 14-8 (155)
8-11 421 (6) 16 3-5 (335) 13-1 (86)
. 12 517 (4) 16 5-9 (428) 20-4 (89)

*Adjusted for age, body mass index, social class, and smoking state.

adjustment the risk of heart attack was only
slightly lower than that seen in men who were
inactive.

TYPES OF ACTIVITY AND HEART ATTACK
The physical activity index provides a relative
measure of overall physical activity. It was of
interest to see whether any specific type of
activity was most associated with a beneficial
effect. "Recreational" work was the most
frequent type ofleisure activity (table 5) among
this population of middle aged British men.
Eighty four per cent of the men reported
spending at least four hours gardening/
pleasure walking or do-it-yourself work over
the weekend. Thirty six per cent of the men did
regular walking on weekdays. Twenty five per
cent of the men were engaged in regular
physical sporting activities (at least once a
month) and only 7% cycled regularly.
The attack rate adjusted for age, social class,

smoking, and body mass index by the different
types of physical activity is shown in table 4
separately in men with and without ischaemic
heart disease. These activities are not mutually
exclusive. Regular walking was not significantly
associated with the risk of heart attack, though
in men without ischaemic heart disease those
who walked 41-60 minutes a day to and from
work (more than a mile each time at fast pace)
showed a decreased risk compared with other
men (p = 0-06). In men with ischaemic heart
disease regular walking seemed to have little

Table 6 Relative risk* of heart attack in men with and without pre-existing ischaemic
heart disease according to physical activity index excluding all men engaged in sporting
activity at least once a month

No IHD IHD

Physical activity No RR (95% CI) No RR (95% CI)

0-2 442 1-0 244 1-0
3-5 1685 0-8 (0.5 to 1-2) 633 0-8 (0 5 to 1-2)
6-8 1210 0-8 (0 5 to 1-2) 434 0-7 (0-4 to 1 1)
9-12 589 0-4 (0-2 to 0-8) 187 0-8 (0 5 to 1-4)
2 13 93 0 3 (0-2 to 1-3) 24 0-9 (0 3 to 3-3)

*Adjusted for age, body mass index, social class, and smoking state.

effect on heart attack rate. The increased rate in
those with the longest duration of walking was
not significantly different from the rest. In men
without ischaemic heart disease cycling was
associatied with a small (non-significant) reduc-
tion in risk. The number ofmen with ischaemic
heart disease who cycled was too small to draw
any inference. Recreational activity was
associated with a reduced rate ofheart attack in
both men with and without ischaemic heart
disease. The risk decreased progressively from
those who reported being very inactive to those
who reported being at least average. This
trend was significant formen without ischaemic
heart disease (p = 0 04) but did not reach
significance in those with evidence ofischaemic
heart disease. Sporting exercise was signifi-
cantly associated with a decreased risk in heart
attack in men with no previous ischaemic heart
disease. Overall, those who did any regular
sporting exercise had lower rates than those
who did no sporting exercise but the rate did
not decrease progressively with increasing
frequency ofsporting activity. The lowest rates
were seen in those who did sporting exercise
less than three times a month. Somewhat
surprisingly, those who played very frequent
sports shared a similar rate to those who did no
sporting activity. In men with ischaemic heart
disease very frequent sporting exercise (> 12)
was associated with a non-significant increase in
risk of heart attack.

RISK OF HEART ATTACK AFTER EXCLUSION OF
SPORTING ACTIVITY
Morris and his colleagues have indicated that it
is only regular sporting exercise that is
associated with reduced rates of heart attack,'
whereas others have shown that frequent light
or moderate activity is sufficient to produce a
beneficial effect.'7 We therefore examined the
relation between the physical activity index and
risk of ischaemic heart disease after excluding
all men who reported doing sporting (vigorous)
exercise at least once a month. The inverse
relation was still seen in men without ischaemic
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heart disease and was as strong as that seen
when sporting activity was included (table 6).
Among men with ischaemic heart disease those
who were inactive had slightly higher rates than
all other men.

Discussion
It is widely accepted that physical activity is
associated with a beneficial effect on ischaemic
heart disease, with most studies showing an
increased risk in sedentary subjects compared
with "active" subjects." '7 Regular physical
activity improves physical fitness, and several
researchers have suggested that the effect of
physical activity on ischaemic heart disease is
determined by its influence on physical fitness.
Several recent American studies using objec-
tive measures of physical fitness have shown a
strong inverse association with the risk of
coronary heart disease."'22 Some studies have
found that the relation between physical
activity patterns and risk of coronary disease
diminishes after adjustment for measures of
physical fitness.20'2 The type and level of
physical activity in subjects classified as
"active" vary considerably in the different
studies and there is still debate as to what type,
duration, and intensity of physical activity are
required to achieve levels of fitness likely to
produce a beneficial effect. Studies in British
male civil servants suggest that it has to be
regular, aerobic, and vigorous exercise to
achieve a beneficial effect.2' In theUnited States
Paffenbarger and colleagues suggested that
frequent lighter activities are sufficient to
produce a beneficial effect.5

BRITISH REGIONAL HEART STUDY
In the present study physical activity showed a
strong inverse association with risk of heart
attack. Physical activity was strongly associated
with smoking, social class, obesity, and
prevalence of pre-existing ischaemic heart
disease. Men who were inactive were more
likely to be smokers, to be manual workers, and
to be obese and had a higher prevalence of pre-
existing ischaemic heart disease than men who
were more active. The inverse association
between smoking and physical activity seen in
this study is consistent with several other
studies. Because the development of ischaemic
heart disease is likely to result in changes to the
pattern of physical activity, the relation was
examined separately in men with and without
evidence of ischaemic heart disease. In men
with no ischaemic heart disease the risk ofheart
attack decreased to levels of moderately
vigorous activity. Men who carried out
moderate or moderately vigorous activity
experienced a 50% reduction in risk compared
with inactive men even after adjustment for
age, social class, smoking, and body mass
index. These are men who tend to be engaged
in regular sport at least once a week or who
engaged in lighter physical activities regularly
throughout the week-for example, walking
and weekend activities. Moderate to
moderately vigorous levels of activity were not
only associated with the reduction of heart

attacks but these men were also more likely to
survive a heart attack than less active men.
However, in men who undertook vigorous
levels of activity, the risk of heart attacks
increased. These men tend to be engaged in
vigorous sport at least three times a week.
Though the number of men in this group was
small, there is a suggestion that the extremes of
vigorous exercise may have adverse effects on
the heart, particularly in younger middle-aged
men (see addendum).

RISKS OF VIGOROUS EXERCISE
The findings of an increased risk in very
vigorous subjects has been reported in several
other studies.41722 Paffenbarger et al observed
an increase in mortality in the top level of
energy expenditure-that is, over 3500 kcal/
week.5 The Puerto Rican Heart Study found an
increased risk in the most active group.'7 In a
study of apparently healthy, middle aged men,
Erikssen found an increased risk in the most fit
men.23 In the Multiple Risk Factor Inter-
vention Trial study, although their highest
activity category was very broad, they indicated
that more vigorous activity did not confer any
further protection than did moderately intense
activities.7 Siscovick et al found that the risk of
primary cardiac arrest is transiently increased
during vigorous exercise-that is, risk during
exercise among men at the highest level of
habitual activity.24 There is also growing
evidence that strenuous exercise may
precipitate sudden death in middle aged men.25
The increased risk seen in our study was only
evident in the younger men and may reflect the
type of sport undertaken (see addendum).

RISK FACTORS AND PHYSICAL ACTIVITY
Physical activity has been shown to be
associated with a favourable influence on risk
factors including the reduction of blood pres-
sure and obesity and an increase in high density
lipoprotein cholesterol.26 In the present study
physical activity was associated with a small
increase in high density lipoprotein cholesterol
that was apparent only at the highest levels of
activity. This is consistent with several studies
that indicate that only strenuous and aerobic
exercise increases high density lipoprotein
cholesterol.26 There was a small reduction in
blood pressure with increasing physical
activity, which was stronger for diastolic than
for systolic and largely attributable to the
reduction in heart rate associated with physical
activity. No association was seen between
physical activity and serum total cholesterol.
The effects of physical activity on these risk
factors are small and are unlikely to explain the
relation seen. Physical activity was strongly
associated with FEV1, which has been shown to
be a strong predictor of ischaemic heart
disease.'5 However, even after adjusting
in addition for high density lipoprotein choles-
terol, systolic blood pressure, total cholesterol,
and FEV1 the inverse relation persisted. This is
consistent with most other studies showing that
the risk of ischaemic heart disease associated
with inactivity is attenuated but does not
disappear after adjusting for coronary risk fac-
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tors.7 17 Men who were vigorously active had
the most favourable risk factors but their risk
was similar to inactive men after adjustment.

PRE-EXISTING ISCHAEMIC HEART DISEASE
Most prospective studies examining the rela-
tion between physical activity and ischaemic
heart disease have excluded men with evidence
of cardiovascular disease. Little therefore is
known about the long term effects of physical
activity in the presence of ischaemic heart
disease. Evidence on the effect ofexercise comes
from clinical trials, which overall have been
inconclusive.27 A recent study on physical
training in 11 patients with chronic heart
failure suggests that exercise training can
increase exercise duration and improve symp-
toms, but such studies provide no information
on ultimate outcome.28 The inverse pattern
clearly seen in men without ischaemic heart
disease was not as apparent in men with
ischaemic heart disease, though inactive men
had the highest risk (fig 5). In men with
symptomatic evidence of ischaemic heart
disease-that is, those who were aware of their
cardiac problem (fig 6)-there was a U-shaped
relation, with risk decreasing to levels of light
and moderate activity and increasing at more
vigorous levels of activity. The implications of
this analysis are that light or moderate physical
activity in men with symptomatic ischaemic
heart disease may be of benefit and that
moderately vigorous or vigorous activity may
be detrimental. In men with asymptomatic
ischaemic heart disease (fig 6) risk tended to
increase with increasing activity though the
fatality rate decreased. The implication is that
although these men achieved increasing
cardiopulmonary fitness from increasing
physical activity, their risk of heart attack was
increased by increasing physical activity.

IS VIGOROUS SPORT ESSENTIAL?
The most popular physical activity was
recreational activity-for example, gardening,
do-it-yourself, and pleasure walking. Twenty
five percent of the men were engaged in regular
(at least once a month) vigorous sporting
activity. Results from other British studies
have suggested that such aerobic exercise is
essential to produce a beneficial effect.4
However, when all men who undertook
vigorous sport were excluded from the analyses,
there was still a strong inverse association, with
risk significantly lowered in those who carried
out frequent physical activities. Our results
accord with those of Paffenbarger et al who
suggested that regular frequent activity is
associated with a reduced rate of heart attack.
Several other American studies have shown
moderate levels of activity to be sufficient to
produce a beneficial effect"' and have shown
that benefit is derived from non-vigorous
leisure activities such as pleasure walking and
gardening. In the British Regional Heart Study
recreational activity showed the most consis-
tent relation, with heart attack rates decreasing
with frequency of these activities and this was
apparent both for men with and without
ischaemic heart disease. Vigorous sport was

beneficial in men without ischaemic heart
disease but there was no dose-response relation
with increasing frequency and the risk in those
engaged in vigorous sport three or more times a
week was similar to those who reported no
vigorous activity.

IMPLICATIONS AND RECOMMENDATIONS
Men free of ischaemic heart disease
In this population of middle-aged men,
moderate or moderately vigorous physical
activity was associated with a significantly
decreased risk of heart attack. Moderate
physical activity involves frequent recreational
activities plus regular walking or vigorous
activity once a week. Moderately vigorous
activity involves frequent recreational
activities, plus cycling or sporting activity at
least once a week. However, even if no regular
sporting activity is carried out, increasing
levels of other forms of physical activity are
strongly associated with decreasing risk of
heart attack. There seems to be an increased
risk of heart attack in younger middle-aged
men (40-49) who carry out frequent sporting
activity-for example, more than three times a
week. While not wishing to sound unduly
cautious in an era of jogging, squash, and
marathon running, it might be reasonable for
men in middle-age considering a programme of
vigorous activity to undergo a review of their
cardiovascular state. In view of the high
prevalence rate of ischaemic heart disease in
middle aged British men29 this is neither
alarmist nor unreasonable (see addendum).

Men with ischaemic heart disease
In men with symptomatic ischaemic heart
disease physical activity at light or moderate
levels is associated with a slightly diminished
risk of heart attack. At higher levels of physical
activity, however, the rate of heart attack
increases and is similar to those seen in inactive
men. The message to such men is that light or
moderate physical activity is likely to be of
benefit. However, undertaking vigorous
activity may produce ill effects and they would
do well to discuss any proposed activity at a
higher level with their physician. In men with
asymptomatic ischaemic heart disease detected
only by routine electrocardiogram-for
example, in health checks, screening pro-
grammes, or insurance examinations, although
the overall rate of heart attack is lower than in
men with symptomatic ischaemic heart disease,
the risk of heart attack appears to increase with
increasing physical activity. The message must
be one of reasonable caution.
Our findings accord with the recent report on

medical aspects of exercise from the Royal
College of Physician of London which
emphasises that "the potential benefits must be
weighed against the possible provocation of
serious cardiac arrhythmias by those who
already have coronary artery disease whether or
not it has been recognised."' Our findings also
suggest that the protective effect is not limited
to those taking vigorous aerobic exercise twice
weekly and we would encourage a more
positive attitude to participation in regular

393



Shaper, Wannamethee

moderate activity in all age groups.

The British Regional Heart Study is a British Heart Foundation
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ofHealth and The Chest, Heart and Stroke Association. We are
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Cardiology, The Royal Infirmary, Glasgow) for the electro-
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Home and Health Department.
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Addendum
Further analyses strongly suggest that the
increased risk of heart attack in men without
ischaemic heart disease involved in vigorous
levels of physical activity may reflect the
presence ofhypertension in addition to the type
and degree of sporting exertion. This pos-
sibility is now being fully examined.
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