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1. Introduction 
 
It is well known that regular exercise is essential for the optimal function of the human body 
(Åstrand, 1992), and numerous studies have presented positive relationships between physical 
activity, physical fitness and cardiovascular health (Haskell et al, 1992). Contemporary studies 
now suggest that multifactorial risk factor modification ( e.g. interventions involving exercise 
and diet) may slow, halt or even reverse the progression of atherosclerotic coronary heart 
disease (CHD) (Franklin et al, 1996). The dose-response issue of exercise is quite complex and 
needs to be considered in the light of the diversity of fitness components and health 
objectives. It is important to understand the interaction between the intensity, frequency and 
duration of physical activity in determining the response (Bouchard et al, 1994). Knowledge 
of the optimal or minimal dose of exercise which may induce positive effects on CHD in a 
given individual is valuable for an optimal rehabilitative process. The aim of this literature 
review was to explore the relationship between the dose of daily physical activity and CHD. 
 
A literature review was performed using Medline and Cats (from 1985 to 1997) with the 
following keywords:  Atherosclerosis, Coronary Disease, Energy Metabolism, Exercise, 
Exertion, Leisure Activities, Rehabilitation, and Physiotherapy. 
 
 
 
2. Definitions of physical activity and fitness 
 
A basic model to specify the relationships between physical activity, health-related fitness, and 
health was described at a Consensus Symposium (Bouchard et al, 1994). The model (Figure 1) 
specified that habitual physical activity can influence fitness, which in turn may modify the 
level of habitual physical activity. For instance, with increasing fitness people tend to become 
more active while the fittest individuals tend to be the most active. The model also specifies 
that fitness is related to health in a reciprocal manner. That is, fitness not only influences 
health, but health status also influences both the habitual physical activity level and fitness 
level. Other factors are associated with individual differences in health status. Likewise, the 
level of fitness is not determined entirely by an individual’s level of habitual physical activity. 
Other lifestyle behaviours, physical and social environmental conditions, personal attributes, 
and genetic characteristics also influence the major components of the basic model and 
determine their interrelationships. 
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Figure 1. A model describing the relationships between habitual physical activity, health 
related fitness, and health status (Bouchard et al, 1994). 
 
Physical activity  
Physical activity has been defined as any body movements produced by the skeletal 
muscles that result in a  substantial increase over the resting energy expenditure. The term 
physical activity comprises active physical leisure, exercise, sport, occupational work and 
chores, which modify the total daily energy expenditure together with other factors. 
Energy expenditure is influenced by the intensity, frequency and duration of the physical 
activity. The intensity can be expressed in either absolute or relative terms. Absolute 
intensity can be stated in kJ/min or kcal/min or as a multiple of the individual’s basal 
metabolic rate (METs). Relative intensity can be stated as a percentage of the individual’s 
maximal heart rate or maximal aerobic power output. If estimations are made for the 
influence of age on maximal aerobic power, the absolute and relative approaches can be 
reconciled (Bouchard et al, 1994) 
 
Health-related fitness 
Fitness implies that the individual has attained characteristics that permit a good 
performance of a given physical task in a specified physical, social and psychological 
environment. Currently, fitness mainly focuses on two goals: performance and health. 
Performance-related fitness refers to those components of fitness that are necessary for 
optimal work or sports performance. Health-related fitness refers to those components of 
fitness that are affected by habitual physical activity and relate to health status. Health-
related fitness has been defined as a state characterised by an ability to perform daily 
activities with vigour, and a demonstration of behaviours and capacities that are associated 
with a low risk of premature development of “sedentary life” diseases and conditions. 
Important factors include body composition, bone density, heart and lung function, 
blood pressure, maximal aerobic power and capacity, glucose and insulin metabolism, and 
the blood lipid and lipoprotein profile (Bouchard et al, 1994). 
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3. Dose-response of physical activity 
 
The guidelines for exercise training initially developed by the American College of Sports 
Medicine (ACSM) (1990) were based on findings relating the dose of endurance or aerobic 
exercise to aerobic capacity and body composition. The recommended dose was 20-60 min 
of continuous aerobic activity, 3-5 times/week, with an intensity of 60-90% of the 
maximum heart rate. It has been pointed out that the quantity and quality of exercise needed 
to obtain health-related benefits may differ from what is recommended for fitness benefits. It 
is now apparent that lower levels of physical activity than those  recommended by the ACSM 
statement may reduce the risk for some chronic degenerative diseases, and yet may not be of 
sufficient intensity to improve maximal oxygen uptake. To address these issues, a paradigm 
shift from “exercise training to promote physical fitness” to “physical activity to promote physical health” 
has been introduced (Haskell, 1994). In 1995, new guidelines were presented by the ACSM 
(Pate et al, 1995). 
 
The article of Haskell (1994) provides some issues about the characteristics of daily physical 
activity or exercise training that is likely to improve the health status of sedentary individuals. 
A relationship appears to exist between the dose of physical activity (mode, frequency, 
intensity and duration) and the biological response in terms of an improvement of health 
and fitness. The dose-response relationship is characterised by a threshold below which little 
or no adaptation occurs, a zone of increasing effect, and a ceiling beyond which no further 
improvement is observed or signs of over-dose may develop. As with increased age, the 
margin between an effective and excessive quantity of exercise narrows, with a corresponding 
requirement for a more sensitive prescription of physical activity (Buochard et  a l ,  1994). 
An interpretation of the 1990 ACSM exercise guidelines is that it lowers the values for 
intensity, frequency, and duration, representing a lower threshold below which activity does 
not provide any benefit. However, Haskell (1994) points out that an increase in aerobic or 
endurance capacity may occur at these lower intensities, frequencies and durations of activity in 
previously sedentary individuals. The idea that more gain is obtained when the least active 
persons take up exercise than when moderately active persons increase their activity by a 
similar amount is shown in figure 2.  For any given increase in the amount of activity, the 
magnitude of benefit is inversely associated with the baseline activity level. As a result, it 
makes sense to promote activities that can easily be performed by the least active individuals, 
as they are at the greatest risk and appear to gain the most benefit (Haskell, 1994). 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 2. The theoretical dose-response curve showing the magnitude of the benefit for any 
given increase in activity is greater for less active persons (Haskell, 1994). 
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Exercise may exert its prevention of CHD or a  decrease o f  the clinical manifestations of 
CHD through several different biological effects, for example changes in variables such as 
lipoproteins, insulin cardiac work rate, and blood and coronary artery status, each perhaps 
with a different dose-response profile. If this is the case, then the health benefit may occur 
only if the characteristics of the exercise program meet the required dose for each of the 
biological effects. The Consensus notes that very little is still known about the optimal or 
minimal dose of exercise to induce such effects in a given individual (Bouchard et al, 1994).  
 
According to the Consensus (Bouchard et al, 1994), it is generally believed that exercise must 
produce a “training response” to be of beneficial value to health. Training response is defined as 
a progressive change in function or structure that results from performing repeated bouts of 
exercise which last longer than hours and days, and which are usually considered to be 
independent of a single bout of exercise. However, there is increasing evidence that some of 
the health-related biological changes produced by exercise may be due to more to acute 
biological responses during and for some time following each bout o f  activity, rather than to a 
training-induced adaptation. Examples of the acute response include a decrease in the insulin 
response to a glucose challenge and an increase in lipoprotein lipase activity. Data indicate that 
HDL cholesterol levels increase significantly more after a period of 3 bouts of exercise (10 min) 
per day compared with a period of one bout of exercise (30 min) per day, even though the 
effect on fitness is the same (Haskell, 1994). Endurance training that generates a large energy 
expenditure, i.e. prolonged bouts of exercise for more than one hour, at a moderate-
intensity (<50% V02max), can reduce adipose tissue fat mass (Bouchard et al, 1994).  
 
Haskell (1994) commented on a potentially important issue concerning the intensity of 
exercise and the specificity of the response: If the response is dependent upon a substantial 
increase in the sympathetic nervous system drive, then the exercise probably needs to be at, 
or above, the anaerobic threshold. On the other hand, if the response does not require the 
substantial activation of the sympathetic system, then a lower intensity exercise may be an 
adequate stimulus. Also, there is increasing evidence that for health benefits, such as a 
reduction in blood pressure, reduced platelet aggregation and enhanced immune function, any 
activity performed below this sympathetic threshold may be more beneficial that any 
activity above it. It could be that the sustained stimulation of the sympathetic nervous 
system during higher intensity activity may negate some of the beneficial effects produced at 
lower intensities. 
 
In 1993, the ACSM published a position stand o f  "physical activity, physical fitness and 
hypertension”, stating that exercise training at lower intensities (40-70% V02max) appears to 
lower blood pressure as much as, or more than, exercise at higher intensities. Most studies 
have found that blood pressure was reduced early (3 weeks to 3 months) after the initiation 
of exercise training and that up to 9 months of additional training failed to elicit a further 
reduction in blood pressure. Studies have also demonstrated that individuals with essential 
hypertension can exhibit 10-20mmHg reductions in systolic blood pressure for 1-3 hours 
following 30-45 min of moderate intensity exercise. There is also some indication that this 
response may persist for up to 9 hours. 
 
Haskell (1994) presents data consistent with the idea that changes in some health-related 
variables may be more related to the volume or amount of activity than to its intensity. An 
expert panel of the Centres for Disease Control and Prevention and the American College 
of Sports Medicine formulated the following recommendation in 1995: Every US adult 
should accumulate 30 minutes or more of moderate-intensity physical activity, i.e. enough to 
expend approximately 200 calories per day, preferably on all days of the week. One way to 
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meet this standard is to walk 2 miles (3.2km) briskly. The  recommended 30 minutes can be 
accumulated in short bouts (8-10 min) of activity, including walking up stairs, gardening, 
housework, a n d  dancing, if performed at an intensity corresponding to brisk walking. 
Those who perform lower-intensity activities should do them more often and/or for 
longer periods of time. People who prefer more formal exercise may choose to participate 
in more vigorous activities for 30 minutes daily. Intensity levels for healthy adults are defined 
as: Light: <3 METs or <4 kcal-min = walking slowly (1-2 mph) o r  cycling (<50 watt); 
Moderate: 3-6 METs o r  4-7 kcal-min = brisk walking (3-4 mph), or mowing the lawn; 
Hard/Vigorous: >6 METs or >7 kcal-min = walking briskly uphill, or playing tennis (Pate 
et al, 1995). 
 
 
4. Primary prevention of coronary heart disease 
 
Physical activity as an independent predictor of CHD risk  
Evidence for an independent role of increased physical activity in the primary prevention of 
CHD has grown. Berlin et al (1990) applied the techniques of meta-analysis to data extracted 
from published studies (27 cohorts) in order to make formal quantitative statements and to 
explore features of study design that influenced the relationship between physical activity, 
including occupational activity, and CHD risk. They found a relative risk of death from 
CHD of 1.9 for sedentary compared with active occupations. The authors also found that 
methodologically stronger studies tended to show a larger benefit of physical activity than 
less well-designed studies. The results of this meta-analysis are consistent with an association 
between a lack of physical activity and an increased risk of CHD. This association was 
generally stronger when the "high activity” group was compared to a "sedentary'' group 
rather than to a "moderate activity" group. The authors reported that they presented 
convincing evidence that physical activity has a protective effect against CHD, a l though they 
did not demonstrate that the benefits of physical activity were independent of levels of other 
risk factors for CHD. A lack of physical activity is, therefore, a potentially modifiable risk 
factor for CHD that should receive greater emphasis in the current efforts to reduce the 
impact of disease on society. 
 
Throughout life people may change their level of physical activity for a number of different 
reasons. In the Copenhagen male study, Hein et al (1994) prospectively analysed the impact 
of changes in physical activity level on the risk of CHD. A cohort of 5249 men aged 40-59 
years reported their level of physical activity during leisure time. Their physical activities were 
reported again at a 15 year follow-up, when their cardiovascular risk factors were also 
registered. Over the next following 6 years CHD events were recorded. This study gave 
three major findings: 1) Changes in the level of physical activity showed an age-dependent 
influence on the risk of CHD. Men aged 40 to 49 years who changed from sedentary 
(physically active for less than 4 h per week) to active lifestyles, had a decreased risk of CHD 
compared to those who remained sedentary (RR=0.60); 2) Older men aged 50 to 59 years, 
who changed from sedentary to active lifestyles had an increased risk of CHD compared with 
those who remained sedentary (RR=1.9), and those who had a CHD event differed from 
all others with respect to several risk factors, as they had a higher BMI, a higher blood 
pressure and were of low social class; and  3) The lowest risk was found in men who were 
physically active when reaching mid-life and continued to be active. The physical activity 
reported in mid-life, when the cohort had a mean age of 48 years, was far more predictive of 
CHD than the physical activity level reported immediately before the period of follow-up, 
when the men had reached a mean age of 63 years.  
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Physical activity, physical fitness and coronary risk factors 
 In the Copenhagen male study (Hein et al, 1992), the joint effect of fitness and leisure time 
activity was analysed. A cohort of 4999 men aged 40-59 years were classified according to 
their level of physical fitness, which was indirectly measured b y  maximal oxygen uptake, and 
their level of physical activity. Their mortality was recorded over the following 17 years. In 
sedentary men, fitness was no predictor of the future risk of CHD. In medium or highly 
active men, however, fitness was a strong predictor. The least fit physically active men had a 
lower CHD mortality rate than the least fit sedentary men. The two major findings of this 
study were that (1) being very fit provides no protection against CHD in sedentary men, and 
(2) unfit and  sedentary men have a higher risk of CHD than unfit but active men, i.e. those 
performing light physical activity for at least 4 hours per week. Of particular note is that light 
physical activity for 4 h per week was associated with the same risk reduction as more 
vigorous activity. 
 
Folsom et al (1985) examined leisure time physical activity and its relationship to coronary 
risk factors in a population-based study (the Minnesota Heart Survey). Energy expenditure in 
leisure time physical activity was measured using the Minnesota Leisure Time Physical Activity 
Questionnaire. Coronary risk factor profiles were obtained in a sample of 25 to 74 year old 
residents (n=3448). Intensity levels were defined as light = 2-4kcal/ min, moderate = 4.5-
5.5kcal/min, and heavy = >6kcal/min. For men, light activities declined slightly through 
middle-age but rose in the oldest age group, while moderate activities showed little variation 
with age, and heavy activities declined markedly with age. Similar patterns were seen in 
women, except that little increase in light activities was observed in the older age groups. 
The decrease in heavy activities was more pronounced in women than in men. The leisure 
time physical activities that contributed the most to energy expenditure for all ages in this 
population were walking, cycling, light conditioning exercises, home repair and the care of 
the lawn and garden. Older persons devoted a greater portion of their energy expenditure 
to light and moderate conditioning activities than younger individuals. Younger persons 
exerted more calories than older persons in sports, especially in heavy intensity sports. The 
geometric mean number of minutes per day in leisure time physical activity ranged from a 
high of 45 minutes per day for 25 to 34 year old men, to a low of 17 minutes per day for 65 
to 74 year old women. Geometric mean estimates of leisure time physical energy expenditure 
were 193kcal per day for men and 111kcal per day for women. Only 34% of men and 17% 
of women expended 2000kcal or more per week in leisure time physical activity.  
 
The authors (Folsom et al, 1985) also observed significant associations between leisure-time 
physical activity, particularly heavy intensity activity, and other CHD risk factors. A  greater 
a m o u n t  o f  heavy intensity activity was associated with higher education, greater type A 
behaviour, higher serum HDL cholesterol levels, lower body mass index (BMI), lower heart 
rate, and lower systolic blood pressure. These findings imply that individuals who are more 
physically active have lower levels of most other coronary risk factors. It is also noteworthy 
that heavy kcal/day was more strongly related to physiological risk factors than total 
kcal/day. This supports the hypothesis that fitness-type exercises are most beneficial because 
they either directly or indirectly reduce other risk factors (Folsom et al, 1985). 
 
Bovens et al (1993) evaluated the association of physical activity and cardiovascular fitness 
with risk factors in middle-aged (over 40 yr. of age) men (n=2009) and women (n=898) 
who were active in sports. Risk factors such as blood pressure, body composition, and 
smoking habits were evaluated. Physical activity was recorded as sport activity (number and 
type of sport, frequency and duration), occupational activity, and the use of a bicycle for 
transport. Cardiovascular fitness was expressed as the maximal power output achieved 
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during a progressive maximal cycle ergometer test. Men reported more sporting activities in 
hours/week than women, but the frequency and number of sporting activities did not 
differ between genders. There were significantly lower levels of risk factors among more fit 
individuals. The relationship between physical activity and risk factors was less powerful than 
the association between fitness and risk factors for both genders. The association between 
physical activity in leisure time and cardiovascular fitness was moderately strong in men and 
women, whereas no significant association between occupational activity and cardiovascular 
fitness was found for either gender. The results indicated that even in a fit and active 
population, subjects who are physically fit and physically more active have better 
cardiovascular risk profiles based on body fat, blood pressure, and smoking habits than 
subjects who are less active but fit. 
 
Caspersen et al (1991) studied physical activity patterns and their relationship with CHD risk 
factors in a cohort (n=863) of elderly men, age 65-84 years old. Physical activity was 
assessed using a questionnaire and risk factors were documented. Cross-sectional results 
revealed a median of totally reported physical activities of about 1 hour and 20 minutes per 
day. Only 5.8% reported no physical activity. The percentage of participation and total 
weekly time spent in physical activity decreased as age increased. The decrease was less 
pronounced for walking, cycling, gardening, and doing odd jobs, than for sports, hobbies and 
work. For the men in the study the intensity of most physical activity was moderate (45.2% 
of total activity) or heavy (46.6%). Only 8.2% was spent in light intensity physical activity. 
Intensity levels were defined as: light (<2kcal/kg x h), moderate (>2kcal/kg x h) and heavy 
(>4kcal/kg x h). In conclusion, the authors reported that the  total weekly physical activity 
and specific activities, such as gardening and walking, demonstrated generally favourable 
associations with the coronary heart disease risk factors of cholesterol and systolic blood 
pressure. 
 
Young et al (1993) performed a cross-sectional study and examined the relationships between 
physical fitness, physical activity and risk factors for CHD in a cohort (n=412) of male law 
enforcement officers, with an average age of 35.9 years. The risk factors for CHD were assessed 
through health screenings, physical fitness by maximal treadmill exercise testing, and overall 
physical activity level for the previous year by self-reported recall. Physical fitness, but not 
physical activity, was related to several single CHD risk factors. The percent of body fat, 
smoking habits, and type A behaviour scores were negatively related to physical fitness 
levels, and HDL cholesterol was positively related to the physical fitness level. Both physical 
fitness and physical activity were significantly related to a composite CHD risk score. These 
data suggest that physical activity must be sufficient to influence physical fitness before 
statistically significant risk-reducing benefits for single CHD risk factors are obtained. 
However, a minimal engagement in weekly vigorous activity may have a positive effect on 
the composite CHD risk score. 
 
 
5. Secondary prevention of coronary heart disease 
 
In a review article by Franklin et al (1996), contemporary studies were found to suggest 
that a multifactorial risk factor modification, with the emphasis on the control of 
hyperlipidaemia with diet, drugs and exercise, may slow, halt, or even reverse the progression 
of atherosclerotic CHD. Added benefits include a reduction in angina symptoms, decreases in 
exercise-induced myocardial ischaemia, fewer recurrent cardiac events, and a diminished need 
for coronary revascularisation procedures. Several mechanisms may contribute to these 
improved clinical outcomes, including the partial anatomic regression of coronary artery 
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stenosis, a reduced incidence of plaque rupture, and improved coronary artery vasomotor 
function (Franklin et al, 1996). These findings have the following practical implications for the 
treatment of patients with CHD: Optimal secondary prevention programs for patients with 
CHD should include effective steps to modify major risk factors, such as elevated cholesterol, 
cigarette smoking, hypertension and sedentary lifestyle. The institution of a low-fat low-
cholesterol diet, regular aerobic exercise, lipid/lipoprotein-altering drugs, smoking cessation 
programs, anti-hypertensive agents and psychosocial stress reduction management are 
recommended. 
 
Schuler et al (1992) examined the effects of exercise training and a low-fat diet without 
concomitant lipid-lowering agents in male patients with stable symptoms and coronary artery 
stenosis documented by angiography. Patients were randomised to an intervention group 
(n=56) and a control group (n=57). Both groups received identical instructions about the 
necessity of regular physical exercise and how to lower fat consumption in their regular diet. 
The treatment group was asked to exercise daily at home on a cycle ergometer for 30 or 
more minutes at approximately 75% of their peak heart rate. In addition, they were expected 
to participate in group training sessions for a minimum of 2 hours per week, and follow a 
low-fat low-cholesterol diet. After 12 months of participation, the BMI, total cholesterol, 
LDL cholesterol, and triglycerides decreased significantly in the intervention group. These 
variables were essentially unchanged in the control group. The intervention group also 
demonstrated a significant increase in physical work capacity. A reduction of stress-induced 
myocardial ischaemia and changes in coronary morphology also favoured patients in the 
intervention group. 
 
Hambrecht et al (1993) studied a subset of the above-referenced patients, in order to define 
the effect of different levels of leisure time physical activity on cardiorespiratory fitness and 
the  progression of coronary atherosclerotic lesions. The exercise-diet intervention group 
(n=29) was compared with the control group receiving standard care (n=33). Energy 
expenditure in leisure time physical activity was estimated from standardised questionnaires 
and from participation in group exercise sessions. Coronary angiography was performed after 
12 months. The mean weekly energy expenditure in leisure time physical activity was 
1876kcal (range 466-3536) in the intervention group, and 1187kcal (range 0-2250) in the 
control group. To achieve significant improvement in cardiorespiratory fitness, 
1400kcal/week had to be expended in the form of leisure time physical activity, which 
amounts to 3-4 h/week in endurance training. A minimum of 1600kcal/week is necessary 
to stop the progression of coronary atherosclerotic lesions. Furthermore, the regression of 
coronary lesions is observed only in patients expending an average of 2200kcal/week in 
leisure time physical activity, amounting to 5-6 h/week of physical exercise training. 
Changes in metabolic variables, such as body weight, total cholesterol, HDL cholesterol and 
triglycerides, were not significantly correlated with the degree of physical activity. Therefore, 
dietary changes in energy and fat consumption seem to contribute more to the reduction in 
body weight and serum cholesterol than intensive physical exercise. The authors found three 
aspects of note in this study: 1) leisure time physical activity represented an independent 
predictor of coronary morphology, 2) the progression of coronary heart disease was 
negatively-correlated with the amount of physical activity, and 3) regression occurred only in 
motivated patients with high energy expenditure in leisure time physical activity. 
Nevertheless, the progression of coronary artery disease was observed in some patients despite 
high activity levels and excellent compliance (Hambrecht et al, 1993).  
 
An economic evaluation based on a 5-year follow-up study comparing a comprehensive 
cardiac rehabilitation program with standard care after myocardial infarction (MI) was 
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presented by Levin et al (1991). The intervention group consisted of 147 non-selected MI 
men and women aged <65 years, who were participating in a rehabilitation program 
consisting of follow-up at a post-MI clinic, health-education, and supervised physical training 
in out-patient groups. The control group consisted of a non-selected MI population aged 
<65 years (n=158), who were receiving standard care. The physical training consisted of 45 
min high-intensity training sessions twice a week over a 3-month period. After that, the 
hospital-based sessions were phased out over a 2-year period and the patients were 
encouraged to continue with individual home training. Of the 147 patients, only 82 
participated in the first 3-months of training due to a certain degree of fear among the local 
population regarding physical strain after MI. 78 patients completed the first year, while 72 
patients continued until the end of the second year post-MI. All of the patients in the 
intervention group had regular contact with the rehabilitation team during the 2-year 
period. The rehabilitation program did not increase the healthcare costs of post-MI care, as 
the increased cost due to participation in the program was balanced by a decrease in 
readmissions for CHD. On average, the rehabilitated patients returned to work more 
frequently, which saved costs for The Swedish National Health Insurance System. The 
authors concluded that the comprehensive cardiac rehabilitation program was a major 
strategy that led to both lowered costs and positive health effects. 
 
 
6. Limitations 
 
Berlin et al (1990) found that methodologically-stronger studies tend to show a larger benefit 
of physical activity than less well-designed studies. The measurement of physical activity can 
be more difficult than the measurement of fitness and the statistical associations are more 
powerful when concerning fitness than physical activity in many studies. Physical activity, 
nevertheless, is an important determinant of physical fitness, so fitness is an objective marker 
for habitual physical activity to some extent. In a l l  o f  the studies, different definitions of 
physical activity were used. Some studies involved activity levels at work, while others focused 
on leisure activity levels or other forms of activity, and may, therefore, have been measuring 
quite different levels of energy expenditure over varying periods of time. Another problem is 
the coding of physical activities by type and intensity. While there are similarities across the 
coding systems used in studies, there are also differences that limit the comparability of results 
across studies. The intensity is sometimes expressed in absolute terms and sometimes in 
relative terms, and it is not always obvious if an allowance has been made for the influence of 
age on maximal aerobic power. As the Consensus (Bouchard et al, 1994) points out, what is 
moderate for a middle-aged person in absolute terms (METs), is going to be maximal for an 
elderly person. Criticism can also be raised against the fact that the patient population 
consisted only of males in many of the studies. Also, the individuals who reported no 
physical activity may have avoided it because they were already experiencing subtle symptoms 
of an undiagnosed illness, or the individuals who reported a lot of time in physical activity 
may have adopted other kinds of health-promoting behaviour (e.g. a cholesterol-lowering 
diet), which may have contributed to the reduced risk of CHD. This is in accordance with 
the model presented by Bouchard et al (1994) (Figure 1), which specifies the complex 
relationships between physical activity, fitness and health. 
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7. Discussion 
 
The findings in the present review are consistent with the suggestion that risk-reducing 
benefits are gained by physical activity at any age. In a Swedish population study, LIV-90 
(Engström et al, 1993) low baseline activity and fitness levels were found in every other 
middle-aged individual. Hein et al (1994) detected that the physical activity reported in mid-
life was a predictor of CHD events many years later, and referred to the fact that there 
might be a long term effect of physical activity (training-response). Many studies show that the 
acute biological response during and for some time following each single bout of physical activity 
is important in the primary prevention of CHD, probably by modifying risk factors. Data 
presented in this review gives an indication of what is the required dose of exercise needed to 
modify the CHD risk factors. It is important to note that there is a large variation in response 
to the same dose of physical activity among individuals. In addition, according to the 
Consensus, risk-reducing benefits may occur only if the exercise meets the required dose for 
each of the biological effects. This reveals the complexity of this topic. 
 
The Consensus also notes that very little is still known regarding the optimal or minimal dose 
of exercise required to induce health-related physical or biological changes in a given 
individual. It is therefore important to promote further research addressing this issue, 
especially in relation to other factors, such as age, gender or self-efficacy. Despite the fact 
that the present data is incomplete, we think that the findings exhibited in this review are 
adequate and valuable for the design and implementation of specific exercise prescriptions. To 
estimate the optimal exercise dose for a given individual it must be emphasised that attention 
should be paid to what physical or biological effects are required, based on individual features, 
risk factor profiles, baseline exercise levels, and fitness levels. Accompanied by the "dose-
response relationship" presented by Haskell (1994), this may explain why low or moderate 
intensity activities are appropriate for some individuals, while higher intensity levels and 
physical fitness are appropriate for other individuals to achieve benefits. The joint 
requirement is, however, that the activity has to be performed on a regular basis.  The least 
active individuals (e.g. sedentary, elderly or disabled) are those at the greatest risk, and also 
appear to have the most benefits of physical activity. It is therefore most valuable to 
motivate and initiate activities that can be easily performed by these individuals, such as 
walking, cycling, home repair, and the care of the lawn and garden. 
 
Studies suggest that the optimal treatment of patients with CHD is a multifactorial risk factor 
modification process, with the emphasis on the control of hyperlipidaemia with diet, drugs 
and exercise. Hambrecht et al (1993) state that a  h igher  do se  of exercise is required to 
achieve the regression of coronary atherosclerotic lesions, than to halt the progression or to 
improve cardiorespiratory fitness. The findings of Hambrecht et al (1993) and Folsom et al 
(1985) indicate that some patients are willing to spend a lot of time on physical activity i.e. 
high weekly energy expenditure, even though they do not participate in supervised exercise. 
In the study of Levin et al (1991), a proportion of the patients in the intervention group did 
not participate in supervised exercise, but had regular contact with the rehabilitation team. 
These findings imply that, if supported and guided by a rehabilitation team over a period of 
time, some patients may be able to make lifestyle modifications on their own, while other 
patients may need extensive support and supervised exercise in a group. 
 
It is our belief that, to induce positive effects on CHD in a given individual, the approach 
should be to individualise the rehabilitation process, by providing patients with appropriate 
facilities and advice on exercise and other lifestyle modifications. This approach may be 
applied to the total population of patients with CHD, including the elderly and the more 
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disabled who do not fit in with ordinary supervised exercise sessions. Being included in the 
rehabilitative process may maintain the patient’s independence of movement and their 
personal autonomy, and it may reduce readmissions for CHD. This reasoning is in 
accordance with the statement of the WHO and the International Federation of Sports 
Medicine Position (FIMS, 1998) regarding physical activity for public health. 
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