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Questionnaires (750 respondents, 44.4% response rate)
examined the long-term health value of endurance exercise
training in older age-classed competitors ('Masters
Athletes', 551 men and 199 women) over a 7-year period
(1985-1992). The majority had initially completed maxi-
mal exercise tests. The weekly time devoted to training,
competition and exercise-related travel was 10 to 30 h, and
the annual expenditure on clothing, equipment and
entrance fees was typically in the range Canadian
$500-1500. Despite their age (mean(s.d.) 58(10), current
range 40-81 years), only 1.4% reported sustaining a
non-fatal heart attack and 0.6% had required bypass
surgery over the 7-year interval. The majority (90%) were
very interested in good health; 76% considered themselves
as less vulnerable to viral illnesses than their peers, and
68% regarded their quality of life as much better than that
of their sedentary friends. The majority of former smokers
had stopped smoking before they began training, but 37%
indicated that exercise had helped them in smoking
withdrawal. In keeping with their health-conscious
attitude, 59% had regular medical check-ups, and 86%
obeyed legislation requiring use of a seat-belt when
driving. In contrast with manyolder people, 88% slept
well or very well. Slightly over half of the sample (57%)
had sustained some injury which had limited their
training for one or more weeks over the 7-year study.
Although participation in Masters competition appears to
carry considerable health benefits, gains may in part
reflect an overall healthy lifestyle.
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It is widely supposed that regular physical activity
confers substantial health dividends on the middle-
aged adult. Support for this view has been derived
from both meta-analyses1 2 and from several large
individual prospective surveys3-6. Subjects have
been classified initially, on the basis of a physical
activity questionnaire3-5. or a treadmill tolerance
time6, and subsequent questioning has evaluated
cardiac morbidity or mortality patterns. Such studies
have demonstrated that the more active members of

the population have a substantial reduction in the
incidence of cardiac problems, of certain cancers, and
of maturity-onset diabetes mellitus, with an imputed
increase of lifespan for the more active members of
the sample. However, the type and intensity of
activity needed to realize such benefits has been less
clearly defined. Morris et al.4 suggested that English
civil servants needed a minimum leisure energy
expenditure of 31.4 kJ (7.5 kcal) per minute in order to
gain improved health. Paffenbarger et al.5 also noted
an optimization of benefit at a weekly energy
expenditure of 8.4MJ (2000 kcal); although they
spoke of gains from activities such as climbing 50
stairs per day and walking a few city blocks, the
8.4MJ total would imply five 1-h sessions per week at
a gross energy expenditure of about 33.5kJmin-1
(8 kcal min'). Finally, Blair et al.6 noted in their
prospective studies of all-cause mortality that the
greatest aerobic fitness-related benefit was seen at the
lower end of the population distribution curve, in
comparing those subjects who initially had a peak
aerobic effort of seven rather than six times their
resting metabolism.
There are substantial difficulties in making more

than a general interpretation of these findings. Even
when much time is given to both the design and the
administration of physical activity questionnaires, the
individual responses have only a limited reliability
and validity7. Likewise, an individual's aerobic
power is strongly influenced not only by habitual
physical activity, but also by constitutional factors8.
Further, the statistical power of community surveys
is limited, particularly in North America, because
only a small proportion of most samples shows even
a moderate level of physical activity7 9.
The specific health advantages that could be

derived from participation in various types of
competitive sport relative to everyday activities such
as walking and stair climbing remains unclear. Some
of the calculations of Paffenbargerl' seem to suggest
that for a given reported total leisure energy
expenditure, vigorous sport confers somewhat grea-
ter health benefits than other forms of physical
activity. In his most recent report, Morris4 also found
much greater cardiac benefits from vigorous sport (an
energy expenditure of more than 31.4 kJ min',
7.5 kcal min-') than from more moderate activities. In
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contrast, Wannamethee and Shaper1 found that
vigorous physical activity was less beneficial than
more moderate pursuits. One immediate problem is
the heterogeneous nature of 'sport'. Masters athletes
are one group of middle-aged and older subjects who
practice substantial and well-documented types and
amounts of physical activity. We thus thought it
worthwhile to conduct a 7-year prospective study on
a sample of Masters competitors. The respondents
(551 men and 199 women) were divided into
endurance competitors and those engaged in activi-
ties with a strong social connotation. A detailed
analysis of both morbidity and health behaviour was
undertaken on these specific subgroups.

Subjects and methods
The volunteers were initially recruited at the Toronto
Masters Games, in August of 1985. Details of their
health, sociodemographic and physiological char-
acteristics have been discussed previously12' 13 In the
summer of 1992, a further questionnaire was circu-
lated and replies were received from 750 of the 1689
subjects (a response rate of 44.4%). The 750
respondents in the present study were all initially in
good clinical health, although a substantial propor-
tion had an exercise stress electrocardiogram (ECG)
suggestive of silent myocardial ischaemia (for 16.2%
of the men and 20.2% of the women the ECG showed
an ST segmental depression of 2mm or more during
all-out exercise).
The current age range (1992) was from 40 to 81

years (mean(s.d.) 58(10) years). The age distribution
at entry (1985) is shown in Table 1.

Subjects were arbitrarily divided into endurance
competitors (participants in endurance running,
orienteering, swimming, rowing and cycling, 61.2%
of the men and 65.4% of the women) and participants
in social, recreational sports such as the racquet
sports (38.8% of the men and 34.6% of the women).
The training plans initially adopted by the endurance
competitors have been described previously12' 13
Although far removed from the very heavy endur-
ance training programmes followed by some young
athletes, nevertheless, the most common weekly time
devoted to training, competition and related travel,
as reported at the 7-year follow-up, was 6-10h. In
terms of the criteria of Blair et al.6, the initial fitness
level decreased from 14 metabolic equivalents (METS)
in the men and 12.5 METS in the women of our
youngest age group to 8.7 METS (men) and 7.7 METS
(women) in the oldest age category.

Physiological data
Details of the test methods and the findings of the
initial laboratory evaluation have already been
published'2 13. In brief, peak aerobic power was
determined directly by having subjects carry to
exhaustion a progressive cycle ergometer test with
continuous measurement of oxygen consumption.
The electrocardiogram (ECG) was monitored
throughout, using the CM5 lead configuration, and
the maximum depression of the ST segment was
recorded. Three skinfolds (triceps, subscapular and

Table 1. Age distribution of subjects at beginning of study (1985)

Age (years)

< 40 40-49 50-59 60-69 > 70

M F M F M F M F M F

36 32 209 88 198 57 89 20 22 5

suprailiac) were measured as proposed by the
International Biological Programme . The percen-
tage of body fat was predicted using the correspond-
ing three-fold equations of Durnin and Womersley15
and the density formula of Brozek et al.16.

Questionnaire
Data on lifestyle and subsequent health were
obtained by the mailed questionnaire. Questions
examined health status, injury experience and health
behaviour over the 7-year period from 1985 to 1992.

In terms of health, subjects were asked specifically
to indicate the onset of diabetes, physician-diagnosed
hypertension, a non-fatal 'heart attack' and coronary
by-pass surgery. They were also asked to rate their
incidence of colds, coughs and 'flu' relative to
sedentary subjects of the same age (using a three-
point scale), and (if there was a weekly training
mileage at which they became chronically fatigued
and susceptible to colds and 'flu'), to indicate this
mileage. Finally, subjects were asked to rate their
overall quality of life relative to their nonexercising
peers of similar age on a five-point scale.

In terms of injuries, note was taken of all incidents
causing a cessation of training for 1 week or more
over the 7-year period. The number of incidents
attributable to training and to competition was
examined, and the type of activity causing the injury
was noted. Subjects who developed a 'runner's high'
were also questioned as to whether they thought this
made them take risks with traffic.

In terms of health behaviour, subjects were asked
to rate their interest in good health and the frequency
of medical check-ups, both on three-point scales. The
223 respondents who had stopped smoking were also
asked to indicate whether they had done this before
or after beginning serious training, and to rate the
perceived contribution of exercise to smoking cessa-
tion on a four-point scale. Average hours of sleep
were reported, and the quality of sleep was rated on a
four-point scale. Finally, subjects were asked
whether they 'always' used a seat belt when driving.

Results

General health

Remarkably few respondents had developed a
serious illness over the 7 years of observation. Ten
subjects (1.4%) had developed a non-fatal heart
attack (six endurance men, 1.8%, three recreational
men, 1.4% one recreational woman, 1.5%). The
initial profile of this subgroup showed relatively little
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unexpected information; four of the ten had under-
gone detailed physiological evaluation in 1985. Three
of the four had been smokers, and three of the four
had pushed themselves to a rating of perceived
exertion (RPE) of 20 units during testing the average
maximal oxygen intake (3.071min-', 44.1 ml
[kg.min]f) being relatively high for their average age
of 55 years. Two of the four had shown significant ST
depression on exercise electrocardiography (2.5 and
1.5 mm, respectively). A total of ten incidents in 7
years is equivalent to approximately two non-fatal
heart attacks per 1000 subjects per year. To this total
may be added four subjects who received cardiac
by-pass surgery, again a rate of about one per 1000
per year, for a total cardiac morbidity of three per
1000 per year. Unfortunately, the proportion of
nonrespondents is too large to speculate about
deaths, cardiac or noncardiac.
A total of 30 subjects (4%) developed physician-

diagnosed hypertension over the 7 years (17 endur-
ance men, 5.0%; eight recreational men, 3.8%; four
endurance women, 3.0%; one recreational woman,
1.5%); in 19 of the 30, this had been sufficient to
require the prescription of specific hypotensive
medication. The overall incidence of diagnosed
hypertension was thus 5.5 cases per 1000 per year.
The subjects in this category were initially a little
older than the overall sample (men 58.9 years;
women 61.8 years). Predictions of body fat content
must be interpreted cautiously, since the number of
subjects of comparable age used in establishing the
prediction equations was relatively small. However,
it appears that the Masters competitors carried a fair
amount of fat relative to younger endurance athletes
(average 19.6% in men and 27.9% in women, excess
mass relative to actuarial tables, 9.8 kg men, 6.6 kg
women), and their blood pressures at entry were
already borderline (resting, 151/92 mmHg, men;
148/90 mmHg, women; peak exercise 240/94mmHg
men; 217/70 mmHg, women). Four of the men and
one of the women showed exercise-induced ST
depression, the deepest being 2.5 mm. Four men and
one woman were former smokers.

Five cases of maturity-onset diabetes mellitus were
diagnosed over the 7 years, four in male endurance
participants, and one in a female endurance athlete,
for an average incidence of 0.4 cases per 1000 per
year. This subgroup were no fatter than those
developing hypertension (average body fat 18.6% for
men, 26.5% for women).
The majority of subjects (76%) considered

themselves as less vulnerable to colds, coughs and
'flu' than their sedentary colleagues (Table 2). Only

Table 2. Influence of sport upon vulnerability to acute infections,
relative to age matched peers

Type (%) Less More
vulnerable Same vulnerable

M F M F M F

Table 3. Relative quality of life ratings

Type (%) Men Women
2 3 4 5 1 2 3 4 5

Endurance 0.3 3.7 28.6 67.4 1.6 1.6 3.9 20.9 72.0
Recreational - 6.7 30.5 62.8 1.6 1.6 3.2 29.7 73.9

1.5% overall thought themselves to be more vulner-
able than their peers. Nevertheless, the small number
of vulnerable individuals was concentrated among
the endurance participants. Some 16% of the overall
group were conscious of a running or jogging mileage
at which they became chronically fatigued and
developed an enhanced susceptibility to acute infec-
tions (in endurance sports, 16.0% of the men, 14.2%
of the women; in recreational sports 9.4% of the men,
13.8% of the women). The regularly tolerated weekly
distance for vulnerable individuals varied with the
type of training, the mode being 35 miles per week
for jogging, 150 miles per week for cycling and 8.5
miles per week for swimming; problems were

detected at respective modes of 45, 190 and 10 miles
per week.
The Masters athletes generally rated their overall

quality of life as much higher than that of their
sedentary peers (Table 3). Moreover, the proportion
of subjects reporting the highest rating tended to
increase rather than to decrease in those over the age
of 60 years (77.5% of elderly men, 74.6% of elderly
women).

Injuries
Some 56.7% of the sample had incurred at least one
injury interrupting training for more than a week
during the 7-year period; 23.6% of the group had
been injured during training, and 18.8% during
actual competition. There was a similar incidence of
injuries in endurance competitors (60.1% of men,
50.7% of women) and in those engaged in recreational
sports (54.9% of men, 49.2% of women). The type of
pursuit causing injury was identified by 212 indi-
viduals: 37.2% of lesions were associated with
endurance running 19.3% with swimming, 17.0%
with cycling, 16.5% with team sports, 2.3% with
weight-lifting, and 7.7% with other types of activity.
The majority of injuries were located in the lower

limb (34.2%) and knee (22.2%). Other sites included
the upper limb (26.5%), the back (13.8%) and hernias
(3.4%).
Some 41.7% of respondents said they had experi-

enced a 'runner's high'. However, only 11.2% of
these individuals thought that the euphoria was

sufficient to cause them to take risks with traffic.

Health behaviour
The majority of the athletes indicated that they were

interested in good health, the respective ratings
being: very much (90.9%); somewhat (8.1%); and
very little (1.0%). In the men, a lack of interest in
good health was concentrated among the recreational
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athletes, but the women showed little differentiation
by type of sport (Table 4). Women had somewhat
greater physician contact then the men, but the
proportion of subjects making regular contact was
similar for endurance and recreational sports.
Only 2.9% of subjects were still smoking, but a

further 32.8% of the Masters competitors were
former smokers. The proportion of continuing
smokers was quite low, but tended to be greater
among those involved in social, recreational sports
(Table 6). The majority of athletes (191 of 223 (85.7%))
had stopped smoking before they began serious
training. However, a number of participants in both
endurance and recreational sports suggested that
their involvement in Masters competition had helped
the process of smoking withdrawal (Table 7).
The great majority of the subjects (86%) indicated

that they 'always' used a seat belt when driving as is

Table 4. Health behaviour ratings

Type (%) Level of interest in health
Very much Somewhat Very little

M F M F M F

Endurance 91.1 90.7 7.4 6.2 1.5 3.1
Recreational 85.3 93.8 11.4 6.2 3.3 0.0

Table 5. Degree of contact with physician

Type (%)
None Some Regular

M F M F M F

Endurance 11.4 6.0 33.7 27.1 54.9 66.9
Recreational 7.2 4.7 38.7 31.2 54.1 64.1

legally required in Ontario; nonusers tended to be
more frequent among social (15.7%) than among
endurance (9.5%) competitors.

In contrast with the problems of sleeping reported
by many sedentary older people, most of the Masters
athletes (88%) indicated that they slept well or very
well (Table 8).

Financial investment in participation
Many of the subjects were investing substantial
amounts not only of their time, but also of their
disposable income in Masters competition each year
(Table 9). The average reported sums, measured in
actual expenditures of 1991 Canadian dollars, were
for the endurance participants $1380 (men) and $1472
(women), and for the recreational participants $1778
(men) and $1466 (women).

Discussion
General health
The majority of the Masters athletes were undertak-
ing substantially more physical activity then the
general populations studied and discussed by epide-
miologists. They also appeared to enjoy a substantial
advantage of health relative to the general popula-
tion, although there remains some potential for
reporting bias, since conclusions are inevitably based
upon the 44.5% of subjects who returned question-
naires.

In terms of the general quality of living, the 67% of
endurance competitors who rated their status as
much better than that of their peers may be compared
with the Canada Health Promotion Survey (1988)17,
where only 55% of respondents aged 45-64 years
rated their health as either excellent or very good.
The incidence of cardiovascular disease may be

compared with the recent figures of the Heart and
Stroke Foundation of Canada18 - for the age decade

Table 6. The influence of endurance and recreational sport upon cigarette smoking and smoking withdrawal

Type of sport (%) Smoking pattern

Never Stopped before Stopped after Still Smoke
M F M F M F M F

Endurance 60.6 70.5 30.0 24.8 7.3 4.7 2.2 0.0
Recreational 66.8 67.2 25.5 20.3 2.9 0.5 4.8 7.8

Table 7. Perceived contribution of sport participation to process of smoking withdrawal

Type of sport (%) Help in smoking cessation

None Some Yes Very much
M F M F M F M F

Endurance 44.4 63.9 11.9 0.0 30.2 22.2 13.5 13.9
Recreational 61.0 60.0 9.1 10.0 20.8 30.0 9.1 0.0
All 53.4 9.2 26.6 11.1
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Table 8. Influence of gender and type of sport upon sleep patterns

Type of sport (%) Sleep quality

Very Sleeping
soundly well Poor

M F M F M F

Endurance 25.7 37.6 62.7 50.4 11.6 12.1
Recreational 22.4 17.2 62.6 70.3 15.0 12.5
All 25.5 62.5 12.0

Table 9. Financial investment of Masters athletes in clothing,
equipment, fees and travel for competition

Type of sport Annual investment (Canadian $ per year)
0-99 100-299 300-499 500-999 B 1000

Men (%)
Endurance 2.9 13.8 10.9 20.6 51.8
Recreational 0.5 9.0 6.9 23.8 59.8
Women (%)
Endurance 1.9 17.5 12.6 20.4 47.6
Recreational 4.3 8.7 6.5 19.6 60.9

55-64 years, the mortality alone from ischaemic heart
disease was 4.0 per 1000 per year in men and 1.1 per
1000 per year in women. Accepting the data at their
face value, it would thus seem that there may be
additional advantages in terms of both the quality of
life and cardiac health when exercise is pursued
beyond the minimum level currently recommended
by epidemiologists.
A number of recent studies has focused upon the

disadvantages of prolonged endurance exercise,
particularly a potential suppression of immune
function, with a resulting increase in the risk of acute
infections19'20. A substantial proportion of the pre-
sent sample of Masters competitors seemed aware of
this phenomenon, but the great majority were
currently achieving benefits to life quality and
cardiovascular health at a somewhat lower and
well-tolerated level of conditioning, where there was
no evidence of an increased susceptibility to infec-
tion.

Injuries
Physical injuries were plainly a potential disadvan-
tage of the vigorous training regimen for many of the
group, although our definition of injury was a
conservative one (interruption of training for 1 week).
We did not solicit further details of severity in the
present survey, but our earlier experience2 suggests
that about a third of those who were injured (that is,
about 19% of all subjects) would need to cease
training for a month or more. Given the substantial
gains in other areas of health, most competitors
would probably agree that such a risk was acceptable.
A recent article pointed to a possible link between

the 'runner's high' and the involvement of joggers in
traffic accidents . It is thus interesting that 11.3% of
those exercising to the intensity of a 'high' admitted

Health and Masters competition: R. J. Shephard et al.

that they did develop feelings of 'invincibility'23, and
were inclined to take risks with traffic in consequ-
ence.

Lifestyle
Part of the favourable health experience of the
exerciser could reflect not a direct effect of physical
activity, but rather an indirect impact of physical
activity upon overall lifestyle, or even a common
association between the practice of regular exercise
and other positive health habits24.

This possibility has been discussed most frequently
in the context of smoking withdrawal. Morgan et al.25
noted that an unusually high proportion of Masters
competitors had been successful in smoking with-
drawal, and the authors of the report attributed this
favourable outcome to involvement in Masters
competition. In a more recent survey of this same
population12' 13, subject responses suggested that the
majority of those who had been successful in
smoking withdrawal had actually stopped smoking
before they began serious training. The present
findings support the latter view. Nevertheless, they
also show that in a minority of former smokers,
involvement in sport (particularly endurance com-
petition) made a major contribution to the with-
drawal process.
The distinction between endurance and social,

recreational sport seems important from the view-
point of health behaviour. The present findings
support earlier association26, which suggested that
despite a lack of communality between overall sports
participation and other positive health behaviours, an
association became apparent when participation in
endurance sport was distinguished from the more
social forms of physical activity. Specifically, in the
present sample, more recreational than endurance
athletes were still smoking. Moreover, more of the
endurance than of the recreational athletes had
stopped smoking after they became involved in
sF-'rt, and almost three times as many of the
enat rance competitors found sport was helpful in
smoking withdrawal. Such findings need verification
on a larger sample, but they certainly support
suggestions that those who are interested in promo-
tion of a healthy overall lifestyle should commend
endurance rather than social types of sport.

In conclusion, Masters athletes are inevitably a
self-selected group, and in the present instance
comparisons with the health experience of the
general population are further constrained by the
45% response rate. Nevertheless, preparation for and
participation in Masters competition was apparently
associated with favourable prospects in terms of
quality of life and the incidence of new cases of
ischaemic heart disease, hypertension and diabetes,
at least in our respondents. The activity levels
adopted by competitors are substantially higher than
in some recent public health recommendations , and
the question thus arises how far the favourable health
experience is attributable to the high levels of
physical conditioning. It would appear that older
subjects can sustain such levels of activity without a
negative influence upon their resistence to infectious
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disease. There is some threat of physical injury with
intensive endurance training, but a 50% likelihood of
stopping training for 1 week in 7 years seems an
acceptable risk from an active lifestyle. Smoking
cessation seems to be somewhat more frequently
associated with endurance than with social, recrea-
tional types of sport, and at least a minority of
endurance competitors perceive that involvement in
competition was helpful to the withdrawal process.
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