CHAPTER VI
EXERCISE

Professor TD Noakes, Dr EV Lambert
INTRODUCTION

There is a growing realization that regular participation in physical activity may be one of most cost-
effective interventions for the prevention of certain chronic disease and should therefore be more
widely promoted in all communities in all countries.

Exercise and the prevention of coronary heart disease

Five researchers have contributed significantly to our understanding of the relationship between
physical activity level and coronary heart disease. Jeremy Morris, Ralph Paffenbarger, David
Siscovick, Ken Cooper and Steven Blair and their colleagues concluded separately that people who
actively exercise are less likely to suffer from heart attacks.

Morris’s studies

Probably the first important study suggesting that physical inactivity may be an important risk factor
for coronary artery disease was reported in 1953 by Prof. Jeremy Morris and his associates at the
London School of Tropical Medicine.! They found that conductors on the London Transport System
had a 30% lower incidence of heart disease than did the sedentary bus drivers. A similarly
favourable result was found for postmen when compared to less active postal clerks, who
performed sedentary work.

Critical analysis revealed that physical inactivity was not the only difference between the groups.
The bus drivers were more overweight, had higher blood pressures, had higher blood cholesterol
levels, and smoked more than the conductors. These differences were already present before the
groups were employed, suggesting that persons likely to develop heart disease chose sedentary
occupations, while healthy persons chose active occupations.?3
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In essence, these studies showed that there are important physical and psychological factors that
determine what occupations people will choose, and the extent to which they will be physically
active either at work or in their leisure time. Some of these physical and psychological variables
then influence the risk that those persons will suffer heart attacks, independent of whether or not
they exercise.

In an attempt to exclude the possibility that persons likely to be at increased risk of heart attack
might choose sedentary occupations, Morris’s group next studied 16 882 British civil servants, all
of whom were involved in sedentary occupations and who were quite similar in respect of their
coronary risk factors. This group was then subdivided on the basis of whether or not they
performed vigorous exercise in their leisure time. Vigorous exercise was classified as swimming,
tennis, hill-climbing, running or jogging, mountain walking or fast cycling, but these authors did not
quantify how often or for how long it was necessary to be vigorously active.

In 1873, this group published their first findings: the heart attack rate in the vigorously active group
was one-third of that in the less active group.* A subsequent study® showed that vigorous exercise
in leisure time even offered a measure of protection for smokers and those with high blood pressure
but, for obvious reasons, those sub-groups had a higher heart attack rate than did non-smoking,
vigorously active civil servants whose blood pressures were normal.

More recently, Morris’s group® reported that after 13 years of study, the heart attack rate in the
vigorously active civil servants was less than one-half that of their inactive colleagues. Furthermore,
a degree of protection was even present for fat civil servants of small stature who smoked, or who
had high blood pressure, diabetes or even chest pain. Whereas the heart attack rate in the active
groups stayed the same between the ages of 40 to 60 years, the rate in the inactive group more
than doubled during those years.

Morris and colleagues® have concluded that "vigorous exercise is a natural defence of the body with
a protective effect on the ageing heart against ischaemia and its consequences".

In their most recent publication,” Morris and his colleagues have addressed the question of how
much exercise one should undertake, and of what type, to gain protection from heart disease. They
found that the risk of both fatal and non-fatal heart attacks was least in civil servants who exercise
vigorously at least twice a week. Non-vigorous activities, including walking, provided no beneficial
effect even in those who walked up to 7 hours a week. Vigorous activities included participation
in sports and games like running and jogging, cycling, rugby, squash, badminton, tennis, football,
boxing, swimming, hockey and rowing; and in recreational activities like aerobics, calisthenics, hill-
climbing and gardening (digging, tree-felling). Non-vigorous activities included golf, dancing and
table-tennis.

Paffenbarger’s studies

The next outstanding studies'in this field are those of Prof. Ralph Paffenbarger and his colleagues.®'*
A lay review of Prof. Paffenbarger’s work can be found in James Fixx’'s second Book of Running.'®

In the early 1950s, Paffenbarger chose to study two populations: people who were vigorously
active in their occupations (the San Francisco Longshoremen Study)®®'? or in their leisure time (the
Harvard Graduate Study).'*™

The reasons for studying these groups were the following. First, excellent medical date have been
collected years earlier on both groups. It was possible for Paffenbarger to begin a study on subjects
whose medical histories were known for up to 40 years previously. He was therefore able to start
a project covering the life span of his experimental subjects, but which would be completed in his
own lifetime. In the Harvard Graduate Study, for example, Paffenbarger was able to study subjects
who had initially enrolled at Harvard as early as 1916.
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Second, at least in the case of the San Francisco Longshoremen, there was no initial self-selection
of the nature of work undertaken on the basis of whether they preferred manual or sedentary work,
as all Longshoremen had to perform hard manual labour at work for a minimum initial 5-year period.
In fact, most Longshoremen continued in heavy work for much longer - an average of 13 years.'?
Itis fair to conclude that because they could not choose initially whether or not they were physically
active at work, all must have had similar attitudes to exercise. Hence the reason why some
subsequently changed to sedentary work was not because they were initially too weak or too ill, or

unwilling to do manual labour.

In this study, Paffenbarger and his colleagues found that those Longshoremen who performed heavy
manual fabour had a far lower risk of fatal heart attack than did less active Longshoremen. As in
the studies of Morris and his colleagues, the risk was reduced even in Longshoremen who had other
coronary risk factors. Protection increased with increasing level of workday energy expenditure (Fig.
1), so that the risk of fatal heart attack was reduced by 50% for a weekly energy expenditure of 39

900 kJ (9500 kcal).
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Figure 1. The risk of fatél heart attack falls with increasing energy expenditure at work.

In the Harvard Graduate Study, Paffenbarger, et a/.'° graded leisure-time activity according to the
following classification: ten stairs climbed every working day each week = 118 kJ.week'; one city
block walked every working day each week = 235 kJ.week™'; participation in light sports = 21

kd.min', and participation in vigorous exercise = 42 kJ.min".

Using this classification, they found that men who reported climbing 50 or more steps each working
day had a 20% lower risk of first heart attack than men who climbed less; those who walked five
or more blocks daily were at 21% lower risk than those who walked less; and those who reported
vigorous sporting activity in leisure time had a 27% lower risk than those who did not exercise
vigorously.'? Interestingly, participation in light sporting activity did not influence cardiac risk.

When total leisure-time physical activity was calculated, it was found that risk of first heart attack
fell with increasing leisure-time physical activity and was 39% lower in those expending more than

8400 kJ of energy in leisure-time exercise each week (Fig. 2).

There were 7 other important findings in this study. First, a leisure-time energy expenditure of less
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than 8400 kJ per week was as strong a risk factor for first heart attack as were the three
established coronary risk factors - smoking, hypertension and hypercholesterolaemia. Thus, these
data found that physical inactivity was as important a risk factor for coronary heart disease as the
three established major risk factors. This view is now widely accepted.'®!”
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Figure 2. The risk of first heart attack falls with increasing levels of leisure-time physical activity.

Second, only Harvard graduates who remained active after graduation were protected from heart
attack. The genetic athletes who won fame and glory on the Harvard sports fields in their college
days had a reduced heart attack rate only if they continued to exercise vigorously in the years
following their graduation. This suggests strongly that it is continued exercise for life, not genetic
ability, that is associated with a subsequent reduction in heart attack risk. In the words of
Paffenbarger and his colleagues, "... if it is postulated that Varsity sports participation reflects at
least in part, a selective attribute of personal health (cardiovascular fitness), the present findings
show that such a selection alone is insufficient to explain lower heart attack risk in later adult life."'°
More recent findings suggest that, if anything, the health of the former university athletes tend to
deteriorate rather more rapidly with age than does that of those who were not athletic at university.
This is possibly because the body type of the university athlete proficient in sports like football and
baseball is more likely to be mesomorphic (muscular). Possibly mesomorphy is not associated with

longevity or good health in later life.'®

Third, as other studies show, exercise offered protection even in the face of other coronary risk
factors. Thus, Harvard graduates who were short in stature, had a parental history of heart attack
or hypertension, who smoked, were overweight, had high blood pressure and a history of diabetes
or stroke, were still at a 50% lower risk of heart attack if they expended more than 8400 kJ energy
week' in leisure-time activities, than were alumni with the same risk factors who did not exercise.

Fourth, alumni who reported vigorous leisure-time exercise had a lower risk of fatal heart attack at
all levels of total weekly energy expenditure (Fig. 2). Thus, additional benefit seemed to be gained

by including vigorous exercise in the exercise sessions.

Fifth, those graduates who had suffered a heart attack but who reported 8400 or more kJ.week’
of leisure-time energy expenditure had a 29% lower heart attack fatality rate than did those
graduates who had also suffered heart attacks but who did not exercise as vigorously.
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Sixth, vigorously active graduates had a 27 % lower risk of high blood pressure than did less active
alumni.'' The heavier the graduate, the greater was the degree to which exercise reduced the risk
of developing hypertension.

Seventh, Paffenbarger, et a/.'? calculated that if five risk factors for heart attack (physical inactivity,
cigarette smoking, obesity, high blood pressure and a family history of heart attack) were removed
from all Longshoremen and Harvard alumni, the risk of heart attack would be reduced by 88% and
67 % in each group respectively.

More recently, Paffenbarger and his colleagues'® have shown that the longevity of alumni who
exercised vigorously for life is increased. Thus, graduates who continue to expend more than 84
000 kJ per week in leisure-time physical activity from the age of 35 years onwards, enjoyed a 2 %-
year gain in life expectancy. Those who began vigourous exercise only after 50 years had a 1-2-
year extension in longevity.

A number of other studies support this conclusion that physical activity probably increases longevity
by 1-2 years.'®%°

Paffenbarger’s study group has now lived sufficiently long for the effect of recent changes in
physical activity patterns to be evaluated. Indeed, this information provides one of the strongest
tests of the general hypothesis that physical activity reduces the risk of heart disease. For if recent
changes in physical activity do not produce changes in line with the findings described above, then
there might be a serious flaw in these findings.

Fortunately, Paffenbarger’s most recent study'* has shown that Harvard alumni who had increased
their levels of habitual physical exercise to more than 8400 kJ (2000 kcal) per week some time
between 1977 and 1985, reduced their heart attack risk by 26%, identical to the reduction enjoyed
by those who had always exercised at that level and increased their longevity by up to 1 year.
These effects were equivalent to those achieved by stopping smoking. In contrast, the heart attack
risk of alumni who stopped regular vigorous exercise increased by 20%. This detrimental effect
was greater than the effect of taking up smoking!

An important conclusion from this most recent study is that it is never too late to start exercising
and never a good time to stop.

Siscovick’s studies

Siscovick and his colleagues®'?* have collected detailed information on all persons dying suddenly
during a 1-year period in Seattle, Washington. They then excluded from their analysis all those
persons who were ill, who had been off work or who had experienced any symptoms before their
sudden deaths. They were left with a total of 145 sudden deaths in a group of persons who were,
to all intents and purposes, absolutely healthy right up to the moment that they suddenly died.

Analysis of these data showed that those persons who exercised vigorously on a regular basis had
an overall risk of sudden death approximately two-thirds lower than that of the non-exercisers (Fig.
3). Interestingly, the risk that the smaller number of sudden deaths in the exercising group would
occur while these persons were exercising was increased acutely (vertical line in Fig. 3), for the
duration of the exercise bout, above the overall risk of the non-exercisers. Thus, although the total
group of exercisers had a reduced risk of sudden death, that subset of exercisers with advanced
heart disease who would ultimately die suddenly, were more likely to die while they were exercising
than when they were at rest.

This finding explains why the sudden death of athletes usually occurs during exercise and why such

events must not be construed to indicate that exercise is dangerous and should therefore be
avoided. In fact, if the exercisers were to stop exercising, their risk of sudden death would increase
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threefold as shown in Fig. 3.
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Figure 3. Habitual exercise reduces the overall risk of primary cardiac arrest. Note that the risk of cardiac
arrest is steeply elevated during exercise in those regular exercisers who are at risk of sudden death.

The studies of Siscovick and his colleagues therefore confirm the finding that the risk of sudden
death is reduced in persons who exercise regularly and suggest that this is almost certainly not due
to the presence of confounding variables. However, they also show that there is an increased
likelihood that those persons who have heart diseases despite their regular exercise, will die during
their short period of exercise. Were such persons to avoid all exercise, however, their overall risk
of sudden death would be increased, not decreased. Interestingly, the degree of benefit is actually
greater, the higher the level of coronary risk; persons who are at low risk of dying suddenly from
coronary heart disease benefit less from vigorous physical exercise than do those who are at high
risk either because of a family history of heart disease, or because they are smokers or have other

risk factors already described.

As Siscovick, et a/.?? have stated: "Efforts to discourage clinically healthy persons at risk of primary
cardiac arrest from continuing to engage in vigorous exercise may be inappropriate.”

Blair and Cooper’s studies

Many consider that one of the greatest influences on the physical fitness boom that began in the
1970s was the publication in 1968 of Dr Ken Cooper’s classic book, Aerobics.*

Cooper’s next significant contribution was to establish the Cooper Clinic in Dallas, Texas. Initially
the principal function of the clinic was to perform screening medical evaluations of those wishing
to improve their health, and to prescribe exercise training programmes and provide a facility, with
expert supervision, for those who wished to increase their physical activity.

Realising that the information gleaned through these screenings would be of great value if the health
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of the participants were to be followed into later life, Cooper initiated the Institute for Aerobics
Research, housed on the grounds of the Cooper Clinic. He hired epidemiologist Dr Steven Blair to
begin the mammoth project of following up the future health of the Cooper Clinic patients, in much
the same way that Morris and Paffenbarger had followed up their respective study populations.

In 1989 Blair and his team*® reported their first important findings. Participants who were judged
to be physically fit on the basis of their treadmill running performance at the initial screening test
had lower mortality from all causes of death, from heart disease and from cancer at combined sites,
than did those who were judged unfit on their initial assessment. As in the studies of Morris and
Paffenbarger, risk reduction occurred even in the presence of risk factors, so that those at high risk
benefitted the most from increased levels of physical fitness. Furthermore, sporting activity at high
school or college was not associated with any alteration in risk.?®

In summary there is now convincing evidence that those who exercise sufficiently vigorously
probably do have a reduced heart attack risk. The evidence is sufficiently strong that "the relative
risk of inactivity appears to be similar in magnitude to that of hypertension, hypercholesterolaemia,
and smoking.""” Furthermore, lack of physical activity may, with smoking, be the most important
contributor to heart disease in our populations.?® Hence the medical profession should expend the
same effort promoting physical activity as it currently does to ensure the removal of the three other
major coronary risk factors.

Exercise and the prevention of other chronic diseases

Besides coronary heart disease, there are a number of chronic diseases, the prevalence of which
are decreased in persons who are physically active. Included among these diseases are
hypertension,'"?” non-insulin dependent diabetes mellitus (NIDDM)?*'so that exercise may play a
greater role in the prevention than the treatment of NIDDM,(32) cerebrovascular stroke,**
obesity,*® cancer especially of the colon®® and perhaps of the breast in women.*

Additional benefits of exercise include the ability to improve psycho-social health by reducing state
and trait anxiety®’ and depression® and by improving mood, self esteem and other indices of
psychological well-being.*® In addition the reduction in muscle power and strength that occur with
age are due more to reduced levels of physical activity than to the ageing process per se*® and, even
in the elderly, can be reversed by a vigorous strength training programme*' as occurs also in the
young.

South African studies of exercise and the prevention of chronic diseases

There are no systematic South African studies of the role of physical activity in the prevention of
the chronic diseases listed above. But limited data are available on physical activity patterns and
risk factors and disease prevalence in defined South African populations.

One of the more novel studies of the link between physical activity and risk for chronic diseases of
lifestyle was that of Walker, et al/.*? In that study, the blood lipid profiles of black African
schoolchildren who lived "far” from school (walking on average, 10 km/day) were compared to
those living near to the school (<22.4 km). Serum HDL cholesterol concentrations were
significantly higher in school boys who lived far from school compared to those who lived near
(1.71 £ 0.25 mmol/l vs. 1.83 + 0.26 mmol/l, respectively). This despite the finding that the mean
serum HDL cholesterol concentrations were higher in black schoolchildren than in white
schoolchildren.

In a more recent study of the urban black African population in the greater Cape Town area, Levitt,
et al.*® related various lifestyle and demographic factors to diabetes prevalence. In this study,
occupational and leisure-time physical activity were quantified using an ordinal scale of 3 levels
(none, minimal-to-moderate, and vigorous). In a sample of 1 000 black African men and women,
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the prevalence of non-insulin-dependent diabetes mellitus (NIDDM) was 8.0%. Age, obesity,
upper-segment fat distribution and the number of years spent in an urban area were significant and
independent risk factors for NIDDM. Conversely, gender) family history, alcohol intake and reported
physical activity were not associated with diabetes prevalence. In this population, 21% of the men
(n=214) and only 1% (n=503) of the women sampled (total n=717) reported vigorous levels of
occupational and leisure-time activity. However, 54% of the women and 40% of the men sampled
reported minimal-to-moderate levels of physical activity.

In 1994, Sparling, et al.** published the results of reported occupational and leisure-time activity in
a sub-sample of 200 black African men living in the Cape Town area who formed part of the BRISK
study.*® In this cross-sectional analysis, occupational physical activity was classified using an
ordinal scale of 3 categories comprised ‘primarily sitting, standing’, ‘a lot of walking’, or ‘hard
physical work’. Respondents were also asked to categorize non-work, or leisure-time activity as
‘no exercise’, ‘light activity’, or ‘strenuous activity more than twice per week’.

Approximately 25% of the subjects reported that their jobs involved ‘a ot of walking’, while 18%
reported that their jobs involved hard physical work, and 57% reported that they had mainly
sedentary occupations. Furthermore, 71% of the sample grew up in a rural environment, and only
17% had access to their own automobile or had an automobile within the family.

In the CORIS survey of risk factors and lifestyle in a rural, white, Afrikaner community of South
Africa, only 1% of men reported vigorous or hard physical activity for their occupations, and 54%

indicated that their jobs involved ‘a lot of walking’.*®

In that study, there was a decrease in vigorous occupational activity in older age groups. However,
there was no apparent dose-response relationship between levels of physical activity and health
benefits (blood pressure, blood lipid profiles or body mass index). Those men reporting jobs which
involved a ‘lot of walking’ had the most favourable coronary risk profile, in a sub-sample of men
with a low overall risk for coronary heart disease.

These data suggest that the tools for assessing physical activity in black South African men and
women are not culturally-specific, and also lack sensitivity to detect a dose-response relationship
between the morbidity of chronic diseases of lifestyle and physical activity. Alternatively, these
data may suggest that conventional associations between physical activity and risk factors for
chronic disease may not be as straightforward in populations who have only been exposed to an
urban environment later in adult life, who may have had an irregular or limited food supply during
some phase of development, or whose overall risk profile is regarded as ‘cardio-protective’, or
low-risk.

Future directions and research priorities in studies of exercise and health in South Africa

1. Identify the habitual physical activity patterns in the different South African communities.
One of the great paradoxes in modern South Africa is that although the nation is considered to be
‘sports mad’, levels of habitual physical activity certainly in urbanised South Africans are no better
than in similarly urbanised populations in other countries.

In truth, we are a nation of spectators. Furthermore formal sports participation in the previously
disadvantaged communities is hampered by a lack of facilities and of a culture of physical education
in schools.

Thus a first priority would be to establish the habitual physical activity patterns of the different

South African communities. The complexity of this research has already been identified in previous
South African research in this area.***®
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2. Determine the factors that influence physical activity patterns in different communities.

It is certain that the first section of this research programme will confirm that levels of physical
activity are generally low, certainly in most urbanised South African populations. This will invite
the more important research question, which is to establish why levels of physical activity are low
in this nation as they are in most Western nations. The impact of urbanisation on physical activity
patterns in those communities undergoing rapid urbanisation, needs also to be addressed.

An obvious difference between the different South African communities is the extent to which
physical education is taught in the schools and the opportunity that the youth in those communities
have to participate in organised and recreational physical activity.

3. Determine the beneficial effects of exercise in populations other than middle-aged, urbanised
upwardly mobile, affluent, white males.

Although there would seem to be little relevance in studying the value of exercise in the prevention
or treatment of those conditions for which the scientific studies completed in Europe and North
America already shows clear benefit, South African researchers could make a unique contribution
by studying these effects in groups other than middie-aged, predominantly affluent upwardly-mobile,
white males, the population studied in the majority of the reported studies in this field. South Africa
does offer the unique opportunity to study the benefits of exercise in a wide range of different
communities of different ethnic origin, of different levels of affluence and with different degrees of
urbanisation. Collaboration with researchers in the Northern Hemisphere who do not enjoy access
to such populations, should be actively nurtured as a matter of priority by the bodies that administer
South African research.

4. Co-ordination of efforts to promote physical activity in the different communities.

The return of South Africa to international sport has inspired efforts to promote sport and to identify
and develop the talent of athletes in the formerly disadvantaged communities. This effort has come
largely from those sports with the necessary financial backing.

There is a need for these efforts to be co-ordinated more effectively and the health-promoting
function of sport, as opposed to its capacity to inspire national unity through the development of
national sporting heroes. There is an opportunity to co-ordinate the development of these two
crucial national effects of exercise.

5. Cost-effectiveness of physical activity.

Increasing concern about the rising costs of medicine has focused attention on the cost benefits of
different management options for specific diseases. Indeed a South African article in the late '70s
suggested that physical training after heart attack might be more cost-effective than coronary artery
bypass surgery,*” a view which is slowly gathering credence.

With the growing evidence that exercise acts against a wide range of different conditions, there is
an urgent need to quantify the cost savings that could be achieved by increasing habitual levels of
physical activity, (i) in the entire population and (i} in populations with different specific diseases.

As the costs of different interventions currently used in the management of, among others, coronary
heart disease and hypertension are now known, and the degree of benefit that physical activity can
offer in these conditions, it should be possible to calculate the cost-effectiveness of physical activity
in these conditions with a high degree of accuracy.

Such calculations would add credence to the author’s belief that the promotion of physical activity
is the single most cost-effective intervention that any nation can undertake to promote the nation’s
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health and to reduce the medical costs associated with the management of certain specific chronic

diseases.
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