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INTRODUCTION 

Exercise is widely used in clinical medicine for such diverse purposes as 
objective quantification of functional capacity, detection and prognostic 
evaluation of coronary artery disease, and determining the integrity of 
physiological systems necessary for control of the circulation (1 ). The 
adaptation to dynamic exercise (i.e., exercise training), leads to increased 
endurance and aerobic power. "Mr. Marathoner" Clarence De Mar, ran the Boston 
marathon 34 times up to the age of 66 (winning 7); at autopsy in 1955 he was 
reported to have unusually large coronary arteries (2). Thus, the myth developed 
that runners were immune from coronary artery disease (3). 

Physical inactivity as a risk factor for CAD. 
There is an extensive literature regarding the benefits and risks of 

exercise. The American Heart Association (4) and the International Society and 
Federation of Cardiology (5) recognize that a sedentary lifestyle is an 
independent risk factor for coronary disease. This protocol explores in detail 
the role of occupational and recreational exercise on morbidity and . mortality 
from coronary heart disease. I will summarize the large number of studies on 
healthy individuals, i.e., primary prevention. I will then discuss secondary 
prevention, for patients who already have had some manifestation of coronary 
artery disease. I will consider a pathophysiological framework for the 
mechanisms of the beneficial effects of exercise training. I will conclude with 
economic considerations. 

PRIMARY PREVENTION 
The evidence that physical activity could protect against heart disease 

originated In the 1950's when Morris et al published the London transportation 
studies. Sedentary bus drivers had almost twice the incidence of CAD as 
compared to conductors who regularly walked up and down the stairs of double
decker busses (6,7). Additionally, overall death rates, including sudden death, 
were twice as high in the drivers as compared to the conductors. Virtually 
every subsequent study comparing sedentary to active populations has 
confirmed this protective benefit of regular occupational exercise (8) 
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Farmers in North Dakota (9), U.S. postal employees (1 0), American 
railroad workers (11) and participants of the Health Insurance Plan of New York 
(12) offered further support to the hypothesis that exercise protects against 
coronary disease. However confounding factors such as obesity, hypertension 
and hyperlipidemia made it difficult to clearly demonstrate an independent 
effect of exercise. 

Later investigators controlled more carefully for other cardiovascular 
risk factors. Cassel et al examined residents of Evans county in rural Georgia, 
and showed that a sedentary occupation was an independent risk factor for CAD 
(13). Brunner et al took advantage of the relatively homogeneous lifestyle of 
the Kibbutzim of Israel to minimize variability in diet, race, and socioeconomic 
status. In this population, the sedentary residents demonstrated two to four 
times the incidence of CAD as their active counterparts over a 15 year period 
(14). Paffenbarger et al (15, 16) showed that San Francisco Longshoremen who 
performed heavy physical labor, requiring bursts of energy had a lower coronary 
death rate over 16 years of follow-up compared to more sedentary workers. 

Mechanization and automation have reduced the energy expenditure of 
many jobs, and more recent studies have focused on the effects .of recreational ·. 
exercise 
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In the Multiple Risk Factor Intervention Trial (MRFIT), moderate leisure
time physical activity was associated with a 37% reduction in fatal cardiac 
events and sudden deaths, and a 30o/o reduction in total deaths as compared to 
lower activity (17). Both men (17-22) and women (19,20) appear to benefit 
from regular vigorous activity and/or fitness with a reduction · in both 
cardiovascular and all cause mortality. 

Selection bias may have contributed to the apparent protective advantage 
of exercise or fitness in many of these studies of leisure time activity -- that 
is that naturally fit persons are more likely to exercise or participate in sports 
than individuals predisposed to coronary artery disease. This question was 
addressed in a comprehensive investigation of 16,936 Harvard alumni aged 35-
72 comparing past and present habitual energy expenditure and the risk of 
myocardial infarction and death (23). 
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Paffenbarger et al (23) Relative risk (RR) of first coronary disease attack for harvard alumni by 
physical activity index during and after college. 

Total and cardiovascular mortality were reduced by regular recreational 
exercise, irrespective of the level of athleticism or sports participation during 
college. More recent follow up studies of these subjects suggests that a 
significant reduction in cardiovascular mortality can be achieved even if 
regular exercise is not begun until late in life (> age 60} (24}. 

Exercise and Fitness 
Regular exercise is closely associated with increased physical fitness as 

reflected by objective measures such as peak workrate on a treadmill or 
bicycle ergometer (25,26}. Identical twin studies have suggested that about 
40% of fitness measures are genetically determined (27}. The strength of the 
relationship between fitness and cardiovascular disease has generally proven 
similar to that between physical activity or exercise practices and mortality 
(20,26,28,29}. Wilhelmsen showed that among 793 healthy Swedes, those with 
a lower work capacity are more likely to suffer from a myocardial infarction or 
die suddenly (28}. In The Lipid Research Clinics Mortality study, 4,276 men 
were followed for an average of 8.5 years after a baseline exam which included 
a treadmill test (29}. Based on heart rate during stage 2 of the treadmill test 
and peak exercise capacity, the subjects were divided into quartiles with 
respect to fitness. They found that the lower quartiles were associated with 
greater incidence of cardiovascular death. Furthermore, better treadmill· . 
performance was directly related to the amount of regular exercise. 
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Ekelund (29) Left: % of healthy men reporting regular physical activity, according to stage 2 
exrecise heart rate. Decile 1 represents the lowest heart rate, and decile 10 the highest. Right: 
Cummulative rate of death from cardiovascular disease in healthy men, according to quartiles of stage 
2 exercise heart rate. 

Blair et al (20) examined physical fitness (maximal treadmill 
performance) and risk for all cause and cause specific mortality in 10,224 men 
and 3,120 women. Cardiovascular and all cause mortality declined across 
higher quintiles of physical fitness in both men and women. These trends 
remained significant even after adjusting for age, smoking, cholesterol, blood 
pressure and glucose levels, family history of CAD, and follow-up interval 
(mean 8 years). 

For both men and women, most of the survival advantage associated with 
physical fitness can be seen at relatively low levels of exercise capacity (20). 
Blair et al have shown that a maximal treadmill workrate equivalent to 
approximately 10 METS in men and 9 METS in women conferred virtually all the 
exercise related protection against cardiovascular disease. These studies 
suggest that a relatively modest amount of physical activity confers a 
meaningful reduction in death rates from coronary artery disease. 

Thus regular physical exercise is associated with a greater degree of 
fitness and a reduced incidence of CAD in healthy people (31 ). There are 
several mechanisms for this protection including independent effects 
discussed below (see Possible Mechanisms), or by a reduction of .other known 
risk factors . Exercise may improve the lipid profile, lower blood pressure, and 
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decrease the incidence of adult onset diabetes mellitus. Persons who are more 
active also quit smoking with a greater frequency (32). 

Effect of exercise on plasma lipids 
High levels of HDL cholesterol have also been associated with a reduced 

incidence of CAD (33), and exercise is associated with higher plasma HDL 
concentrations (34,35). HDL is particularly affected in persons who exercise 
regularly for periods of several years (36), primarily by an increase in the half 
life of specific subtractions of HDL, most likely HDL2 (37). 

In a series of important studies, Wood and colleagues have demonstrated 
that exercise is as effective as weight loss in terms of improving the lipid 
profile (38). Moreover, when exercise and diet are combined, the beneficial 
effects may be synergistic (39). 

0 
~ a: 
.5 
CD 
Cl 
c 
tU .s::. 
0 

.Q 
Cii a: 
.5 

CD 
Cl c 
tU .s::. 
0 

0.1 Men 

0 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

0.02 
Men 

0 

-0.02 

-0.04 

-0.06 

- 0.08 

-0.10 

-0.12 

-0.14 

LDL:HDL Cholesterol 

Women 

0 Control 

E::1 Diet only 

~ Diet plus 
exercise 

Apolipoprotein B:A-1 

Women 

Changes in lipoprotein and Apolipoprotein Ratios in the 
Study Groups after One Year. 

For the comparison with the control group, the asterisk denotes 
P<O.OS, and the dagger P<0.01. The double dagger denotes 
P<0.001 for the comparison with the control group and P<0.05 

for the comparison with the diet-only group. 

Men 

Triglyceride LDL Cholesterol HDL Cholesterol 
~ r-------~.-------,---------, 

CD 
Cl 

15 

10 

fij 5 
.s::. 
U Ot-...._.~:r'"07..-+~'""""....-
"E 
~ -5 
Q) 

Cl. -10 

Q) 
Cl 
c: 
<tl .s::. 
(.) 

"E 
Q) 

~ 
Q) 

-15 

-30 

~ 

15 

10 

5 

-5 

Cl. -10 

-15 

Women 

Triglyceride LDL Cholesterol HDL Cholesterol 

-20 '-----------'--------""'------------J 

DControl ~Diet only ~ Diet plus exercise 

Percent Changes in Plasma Triglyceride and lipopro· 
tein Cholesterol Concentrations in the Siudy Groups after One 

Year. 
The mean change for a group is expressed as a percentage of the 
base-line level for that group. · . - - . 

Wood et al (39) 



7 

Woods et al divided 264 moderately obese men and women into three 
experimental groups: 1) control, 2) hypocaloric National Cholesterol Education 
Program (NCEP) diet, and 3) hypocaloric NCEP diet with exercise. Although the 
diet only subjects consumed fewer calories, they did not lose as much total 
body weight or fat weight as the exercisers. The latter also had a better final 
abdomen to hip circumference ratio, reflecting preferential fat loss around the 
abdomen. Most importantly, exercise had a favorable effect on the LDL:HDL 
Cholesterol and Apolipoprotein B:A-1 ratios in both men and women. Both 
ratios have been associated with the development of atherosclerosis (40). 
Because a low fat diet may reduce the HDL cholesterol (41), exercise may be 
particularly useful in patients who maintain such a diet. Exercise also lowers 
triglycerides (34,39). This effect occurs even with a single bout of exercise, 
but appears to be cumulative resulting in a permanent decrease in serum 
triglycerides (42). 

The effect of exercise on blood pressure control 
The effect of exercise on blood pressure control has been somewhat 

controversial. Blumenthal et al recently showed no specific blood pressure 
reducing effect of exercise for patients with mild hypertension (43). This was 
a well designed, large, and randomized trial including non-obese men and 
women off medications. The study was complicated by the fact that both the 
exercise and control groups experienced an unexplained significant decrease in 
blood pressure. However, the subjects with the greatest improvement in 
aerobic power tended to have the greatest reduction in blood pressure, 
suggesting that a more rigorous exercise program might result in a more 
significant reduction in blood pressure. 

Other investigations have consistently shown a clear association between 
exercise and blood pressure reduction (44-46). However none of these other 
studies measured changes in aerobic power or evaluated other possible 
contributing factors including salt intake, weight, and gender. Still, the data do 
suggest that regular aerobic exercise contributes to a reduction in blood 
pressure in mildly hypertensive persons, possibly mediated through changes in 
skeletal muscle conductance and peripheral resistance (47). Finally, Blair et al 
showed that among 4,820 normotensive men and women, the subsequent 
development of hypertension during the next 1-12 years was linked to a lower 
fitness level (48): 
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The syndrome of abdominal obesity, glucose intolerance, 
hypertriglyceridemia, low HDL, and hypertension is associated with a high 
incidence of CAD (49). Exercise may improve all components of this high risk 
syndrome. Specifically, exercise results in a lower insulin secretion with 
improved receptor sensitivity (50). Physical activity can help · to produce 
weight loss, including a reduction of other markers for coronary disease such 
as abdominal obesity. Also, persons who exercise regularly are less likely to 
develop non-insulin-dependent diabetes mellitus (51). 

Risks of Exercise 
Although exercise confers substantial benefits over time, it is not 

without risk. The hemodynamic and neuroendocrine responses to an acute bout 
of exercise raises myocardial oxygen requirements and alter the functional 
milieu of the myocardium which may increase the risk of arrhythmias and 
sudden cardiac death (52). Fortunately, the exercise-related risks for 
ostensibly healthy individuals are very small (53). For joggers in the state of 
Rhode Island, Thompson has estimated the risk to be one death per 7,620 
joggers/year (54). This risk of dying while jogging is nearly six times higher 
for normally sedentary individuals who may jog occasionally, compared to 
regular exercisers. If the relative risk of dying during exercise is compared to 
the long-term health benefits of exercise, the balance of effects still favors 
regular exercise with a relative risk of dying that is less than one-half that of 
sedentary individuals (55). 

SECONDARY PREVENTION (Cardiac Rehabilitation) 
Once an individual has suffered the consequences of coronary artery 

disease, attention turns from disease prevention, to maximizing functional 
capacity, minimizing morbidity and limiting the progression of disease. 
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Cardiac rehabilitation may be broadly defined as the process by which 
patients with heart disease are managed comprehensively to maximize physical 
and psychological functional capacity. It usually follows a period of acute 
cardiovascular illness. It is most effective when delivered as a multifactorial 
approach which includes education, risk factor modification and exercise 
training (56-60). There are four phases of cardiac rehabilitation: 

Phase 
I 
II 

Ill 

IV 

Type of program 
In Patient 
Outpatient immediately 
after hospitalization. 

Late recovery period 

Maintenance 

Duration 
Days 
2-12 weeks 

6 months beyond 
Phase II 

Indefinite 

In contrast to the extensive data from apparently healthy persons, 
studies of the effect of cardiac rehabilitation on mortality following a 
myocardial infarction have rarely been of sufficient size to document a 
prolongation of life from exercise conditioning or rehabilitation services. 
These were reviewed in Dr. Jere Mitchell's March 11, 1982 Medical Grand 
rounds . One important study from Finland did demonstrate a significant 
reduction in sudden death that was apparent within the first six months of the 
program (61 ). 
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The distinguishing feature of this study is that the patients were 
enrolled very early after their myocardial infarction, within two weeks of 
hospital discharge. This early benefit suggests an effect of exercise training 
on altering the propensity for ventricular arrhythmias, possibly through 
alterations in autonomic tone. This will be discussed further below. 

When the experience of major post-infarction trials are combined in a 
meta-analysis, the evidence suggests that cardiac rehabilitation reduces the 
incidence of sudden death significantly by approximately 25% (62,63), a 
magnitude equivalent to the beneficial effect of beta blockade. 
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Oldridge(62) Pooled odds ratios and 95% confidence intervals for all-cause death, cardiovascular 
mortality, and nonfatal myocardial infarction. 

No difference has been identified however for the incidence of recurrent 
myocardial infarction, providing further suggestive evidence that an anti
arrhythmic effect of exercise training may be more important than changes in 
vascular biology or thrombotic potential. 

Although the effect of exercise training on mortality for patients 
following a myocardial infarction may still be somewhat debated, exercise 
conditioning clearly improves the functional capacity of cardiac patients 
resulting in an increased maximal oxygen uptake and an increased ischemic 
threshold (64). 
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The reduction in resting and exercise heart rate and blood pressure 
reduces myocardial work during submaximal exercise and allows patients to 
perform activities of daily living as well as more vigorous activities with 
fewer symptoms. The mechanism for the improvement in cardiovascular 
performance at least initially, is likely due to increases in peripheral skeletal 
muscle oxygen uptake and utilization (65). However when training is prolonged 
and intense, even patients with cardiac disease can show improvements in 
myocardial contractile function (66). 

The goals of Phase I Cardiac Rehabilitation are: 

1 To prevent bed rest deconditioning 

2 To facilitate rapid recovery of functional capacity 

3 To shorten duration of CCU care and to enable early hospital discharge 
safely in appropriate patients 

4 To minimize disability associated with an acute cardiac event and 
encourage rapid return to work 

5 To improve communication between health care providers and patients, 
and thus smooth the transition into Phase II Cardiac Rehabilitation and 
outpatient care. 

In contrast to the effect of training, prolonged bed rest and inactivity 
result in a marked reduction in maximal aerobic power (67). Plasma volume 
decreases and orthostatic intolerance may ensue after even brief periods of bed 
rest (68). This development of "bed rest deconditioning" may cause substantial 
morbidity in the acute period after a myocardial infarction by increasing heart 
rate during submaximal exercise and occasionally resulting in hypotension and 
reduced coronary perfusion. Its prevention is one of the primary goals of the 
first phase of cardiac rehabilitation (phase 1), which begins as soon as a 
patient is stable in the hospital after an acute cardiac event. The focus of this 
early, in hospital rehabilitation is assumption of the upright posture and an 
individualized increase in exercise activity which together will rapidly reverse 
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the plasma volume shifts that occur with bed rest (69). We have broken Phase I 
rehabilitation into three stages at Parkland (Appendix) 

Phase II of cardiac rehabilitation is the short term, initial outpatient 
phase of rehabilitation. 

The goals of Phase II Cardiac Rehabilitation include: 

1 Supervised exercise training to maximize functional capacity, teach safe 
exercise practices, and identify patients at risk for complications; 

2 Risk factor modification including smoking cessation, stress reduction, 
weight loss, and lowering of cholesterol; 

3 Education about medications, signs and symptoms of heart disease and its 
progression, sexual relations, dietary modifications and activity 
guidelines. 

Phase II rehabilitation involves: 

1. Monitored exercise 
2. Follows a symptom limited exercise test 
3. Training at 75-85% of maximal heart rate 
4. Borg effort scale of 13-14 (scale of 6-20) 
5. Progressive intensity and duration 
6. Usually 12 weeks in duration 

An expeditious and orderly transition between phase I and phase II is 
critical to the success of the rehabilitation process and ensures that patients 
are properly prepared to respond to the education and training programs. During 
the acute phase of hospitalization, patients are just beginning to cope with the 
ramifications of their disease and often have substantial difficulty processing 
new information (70). It is during the first few weeks of their outpatient care 
that they are most open to making significant life style adjustments. This 
time period is also a critical one from a medical perspective. The period of 
greatest risk for sudden death after a myocardial infarction is· the first 3 
months following hospitalization (71 ), and rehabilitation programs that enroll 
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patients early after a myocardial infarction demonstrate a significant 
reduction in the rate of sudden death during this high risk time (61 ). 

Cardiac rehabilitation and successful changes in life-style may be 
achieved by patients regardless of ethnic group or socioeconomic status (72). 
We have shown that both indigent private patients demonstrate excellent 
attendance and compliance in terms of cardiac rehabilitation. Both groups quit 
smoking and continue not to smoke after completing the program. They also 
tend to eat a diet low in fat and saturated fat. Finally they experience and 
improvement in cardiovascular function which they maintain following 
completion of the program. 

In addition to education, a major emphasis in Phase II rehab is on 
exercise conditioning. Heart rate is used as an easily measured estimate of 
relative exercise intensity. However it is important to emphasize that these 
are only guidelines which in some patients, such as those with left ventricular 
dysfunction or who are taking beta blockers or other medications that may 
affect the heart rate response to exercise, may not accurately reflect exercise 
intensity. In such cases, the APE or Rating of Perceived Exertion (Borg scale) 
may be helpful. This measure rates the perceived effort on a scale from 6-20 
(73): 

RPE Intensity 
6 
7 Very, very light 
8 
9 Very light 
10 
11 Fairly light 
12 
13 Somewhat hard 
14 
15 Hard 
16 
17 Very hard 
18 
19 Very, very hard 
20 
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This rating system is remarkably consistent within individuals (74), and 
thus is independent of pharmacologic therapy that may attenuate the normal 
heart rate response to exercise. Once patients are trained in its use, they can 
effectively monitor their own exercise intensity at home without the need for 
sophisticated heart rate monitoring systems. 

The optimal training load is complicated in patients with provocable 
ischemia. Some centers train patients at 75-85% of directly measured maximal 
heart rate despite the presence of ischemia in an attempt to maximize the 
training effect. However a meaningful training effect can clearly be obtained 
using more moderate exercise (60-75% of maximal heart rate) (75). 
Furthermore, recent data in animals suggests that ischemic exercise results in 
profound and prolonged depression of ventricular contractile function that 
persists for hours after an exercise bout (76). Finally, there is little evidence 
that myocardial ischemia produces adaptive benefits at a cellular or molecular 
level that improve the training effect or protect during future episodes of 
ischemia (77), and training above the ischemic threshold increases the risk of 
exercise (78, 79). 

Patients who are at low risk for future events (80) or who have more 
chronic cardiovascular disease and have not recently sustained an acute cardiac 
illness may be considered candidates for unmonitored exercise training at home 
(Phase Ill and Phase IV). It has been clearly demonstrated in carefully 
selected, relatively well educated patients, that home-based exercise training 
and cardiac rehabilitation can be performed safely and with the anticipated 
training effect (81 ). Patients living in rural areas may require a home based 
program. 

Vigorous exercise itself is an important risk factor for sudden death, 
particularly in unfit individuals (54,79,82,83). However this risk is probably 
outweighed by the overall benefits of habitual exercise (55). The risk of 
exercise induced cardiac arrest is also directly related to the intensity of the 
exercise (78). Lower intensity training could theoretically be safer .and equally 
effective as vigorous exercise, particularly in the unsupervised cardiac patient 
(75,84). Recall that even small increases in fitness can result in significant 
decreases in cardiovascular mortality (20). Finally, evidence is accumulating .. 
that even patients with stable chronic heart failure (who do not have exercise
induced arrhythmias or ischemia) may safely participate in a program of 
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unmonitored exercise training and experience substantial benefits (85). 

Current evidence therefore suggests that when selected properly, some 
patients may safely undergo unsupervised exercise training, which may have 
important economic ramifications, particularly in communities with scarce 
resources. However this approach forgoes the education that takes place in a 
supervised setting. 

Theoretical mechanisms for the protective effects of regular 
exercise 

In addition to the effect of exercise on altering known coronary risk 
factors, exercise training may also induce other adaptations that provide 
protection against ischemic heart disease. The mechanisms for this protection 
may include anatomic and/or physiologic changes in the coronary arteries, 
alterations in autonomic tone, and or changes in the coagulation system. 

Vascular Biology 
The effect of exercise training on the coronary vasculature has recently 

been reviewed in detail (86). Exercise training appears to increase coronary 
vascular transport capacity, both by structural and functional adaptations, 
though the results of many studies vary widely depending on the species and 
training techniques employed (86). Early coronary casting studies in rats 
suggested that endurance training increases coronary vascularity (87). These 
observations have been supported by more recent studies in dogs (88,89), and 
possibly even humans (90-92) . Coronary collateral vessels may also increase 
with training, particularly if there is underlying arterial narrowing (93-98). 

Atherosclerosis 
The role of exercise may be particularly important in modifying the 

development of atherosclerosis, as demonstrated in a landmark study by 
Kramsch et al (99) who studied primates consuming an atherogenic diet. 
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Monkeys ate a high fat diet for 2 years during which time they regularly trained 
on a treadmill. Two sedentary groups ate either a control diet or the 
atherogenic diet. Serum cholesterol was raised to over 600 mg/dl in all 
monkeys on the high fat diet with a significant rise in LDL. However the 
exercising monkeys had a higher HDL cholesterol. 

Kramsch (99) Micrographs of sections 
through comparable predetermined 
segments of the left main coronary artery. 
Sedentary monkey (top) and exercise 
conditioned monkey (bottom). 
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The exercising monkeys also had substantially reduced atherosclerosis. Most 
importantly, the exercising monkeys had significantly larger coronary arteries, 
with increased absolute coronary luminal diameter, confirming the 
observations made earlier in dogs by Wyatt and Mitchell (88). In humans, 
Hambrcht et al recently demonstrated that a greater degree of leisure time 
vigorous activity was associated with less progression and a greater degree of 
regression of coronary atherosclerotic lesions (1 00) 
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Hambrecht (1 00) Energy expenditures in 
leisure time physical activity according to 
changes in coronary morphology. The 
highest levels of energy expenditure were 
observed in patients showing regression of 
disease, the lowest levels in patients 
showing progression (p<O.OOS) 

Ehsani et al provided support for the concept of increased myocardial 
blood supply by demonstrating that long term (12 months), intense training can 
reduce ischemic ST segment responses during treadmill exercise in patients 
with coronary artery disease (1 01 ). 

Recently, Haskell et al performed quantitative angiography in a group of 
ultra-marathoners, who compete in races of more than 100 miles (1 02) . They 
found that at rest, the combined cross-sectional area of the right, left main, 
left anterior descending and circumflex coronary arteries, was the same as a 
group of control patients with chest pain but angiographically normal coronary 
arteries. Still, the lower myocardial oxygen demand of the athletes during the 
study may have reduced the coronary diameter (1 03). After infusion of 
nitroglycerin, an endothelial independent coronary vasodilator (1 04), the total 
cross-sectional area of the coronaries of the runners increased by 
approximately twice that of the controls, demonstrating a significantly greater 
vasodilator reserve. 
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Haskell (1 02) Combined cross-sectional 
area (mm3) of the proximal right, left 
anterior descending, and circumflex 
coronary arteries before and after 
nitroglycerine. 

This increased maximal flow to cardiac muscle is similar to the elevated 
maximal conductance of skeletal muscle identified in endurance athletes (1 05). 
Increased conductance in skeletal muscle appears to be associated with a 
number of other adaptations of the endurance athlete, including eccentric 
hypertrophy and control of vascular resistance (1 06); thus, the large 
vasodilator reserve in both cardiac and skeletal muscle may be closely related. 

Still, marathon runners clearly develop and suffer the consequences of 
coronary atherosclerosis (3). The pathophysiology of myocardial infarction and 
acute coronary insufficiency is thought to result from rupture into an 
atherosclerotic plaque and associated intravascular thrombosis (1 07). Whether 
a plaque ruptures or not probably depends more on the composition of the 
plaque than on the volume of plaque or degree of stenosis (1 08). Thus although 
the presence of larger coronary arteries with increased flow reserve might 
delay the onset of angina, particularly during exercise, it would not necessarily 
be expected to prevent myocardial infarction. Recall that cardiac 
rehabilitation following myocardial infarction appears to improve survival 
primarily by reducing the incidence of sudden death rather than by preventing 
myocardial infarction (62). 

Exercise Training and Influences on the autonomic nervous system 
Autonomic tone and the balance between sympathetic and 

parasympathetic efferent neural influences on the heart play an important role 
in the genesis of cardiac arrhythmias (1 09). Heart rate variability, an index of 
cardiac-vagal tone that is relatively easy to obtain is reduced acutely with 
myocardial infarction (11 0); it is an important marker for late mortality after · · 
Ml (111 ). In fact, when employed in a multiple regression model designed to 
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identify arrhythmic events (sustained ventricular tachyarrhythmias or 
arrhythmic death) in survivors of myocardial infarction, depressed heart rate 
variability was the most powerful independent predictor of life-threatening 
arrhythmias; when combined with the presence of late potentials on signal 
averaged ECG and repetitive ventricular ectopic forms on Holter monitoring, a 
sensitive (58°/o sensitivity) and surprisingly accurate (positive predictive 
accuracy 33°/o) predictor of arrhythmic events could be identified (112). These 
indices proved to be superior to combinations which included left ventricular 
ejection fraction, exercise ECG responses, or number of ventricular ectopic 
beats. 

A number of studies have demonstrated increases in heart rate variability 
with exercise training, both in normal athletes (113), and patients with 
hypertension (114) or congestive heart failure (115) . 
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Coats et al (115) Effect of training on nocturnal heart rate variability (left) and heart rate 
variability of 640 consecutive beats (right) in a controlled crossover trial of 8 weeks of exercise 
training in 18 men with severe congestive heart failure. 

Whole-body radiolabeled norepinephrine spillover also falls when 
patients with CHF are trained (115). Animal studies have confirmed that 
exercise induced changes in autonomic control may prevent. ventricular 
fibrillation associated with myocardial ischemia and reduce the risk of sudden 
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death (116). Recently, an awake animal model has confirmed this protective 
effect of increased vagal tone against life threatening ventricular arrhythmias 
(117). These studies support the hypothesis that changes in autonomic tone 
may be an important mechanism for the reduction in sudden death caused by 
cardiac rehabilitation and exercise. 

Effect of exercise on coagulation 
Most instances of myocardial infarction include acute intravascular 

thrombosis (1 06), this has resulted in an interest in the effect of exercise on 
the coagulation system. It was recognized in the 18th century that blood from 
animals that were run to death did not clot (118). However recent data have 
been somewhat contradictory and the end result of exercise appears to depend 
on a fine balance between thrombotic and fibrinolytic promoters and inhibitors 
that may be modified by the intensity and duration of the exercise, and the 
population being studied (119-121 ). 

Acutely, very high intensity exercise (95-1 OOo/o of maximal oxygen uptake ) 
appears to actually increase concentrations of clotting factors, particularly 
Factor VIII (122, 123). This increase, persists for at least one hour. Conversely, 
even more moderate levels of exercise induces a 5-1 0 fold increase in plasma 
fibrinolytic activity which appears directly related to the intensity and 
duration of exercise (119, 124). The mechanism for this change in fibrinolytic 
capacity appears to be related to an increase in endogenous tissue plasminogen 
activator activity mediated by circulating epinephrine (125). 

Vigorous exercise has also been shown to reduce the aggregability of 
platlets (126), though absolute platelet number appears to be increased after 
exercise; this probably results from a combination of hemoconcentration and 
release from spleen, marrow and lungs (119). 

The effect of chronic exercise, or training on the coagulation system is 
less clear. Training appears to cause primarily a reduction in platelet 
aggregation (126), particularly in older patients with cardiovascular disease 
(127, 128), and may also reduce plasma fibrinogen concentration (129). 
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Economics of Cardiac rehabilitation 
The benefit relative to the cost of cardiac rehabilitation has been 

questioned (130-132). Oldrigde and Rogowski found that ward ambulation was 
as effective as use of a specialized exercise center in phase I rehabilitation 
(133). Denis (131) suggests that the cost-benefit relationship of cardiac 
rehabilitation is particularly important since the immediate impact may be 
much less striking than the long term benefits. 

Coors company estimates that for every $1.00 spent on preventative care 
and wellness they save $6.00 (134). Cardiac rehabilitation is mandatory for 
their patients who experience a myocardial infarction. Ades demonstrated 
considerable savings in terms of hospital charges for patients undergoing 
rehabilitation when compared to non-participants and drop outs (135) This 
was a result of both less hospitalizations and lower cost per admission. Still, 
the study did not represent a randomized population, and the cost of 
rehabilitation was not included in the analysis. Picard showed that 
rehabilitation results in higher earned incomes 6 months after rehabilitation 
and again that hospital costs can be reduced (136). Again, the lack of 
randomization affects this finding as much or more than with any intervention 
since completing a cardiac rehabilitation program requires tremendous 
motivation. Randomized trials are difficult to complete because of other 
compelling benefits of this intervention. 

It is assumed that 1.5 million Americans have a myocardial infarction 
each year. Approximately 200,000 undergo coronary artery bypass surgery and 
300,000 undergo percutaneous transluminal coronary angioplasty. Of these 
patients, 100,000 are enrolled in cardiac rehabilitation programs (137). If the 
program costs $1,800, then the annual cost of supervised cardiac rehabilitation 
programs in the United States approaches $200 million (130,138,139). Still, 
this represents only a small percentage of the eligible patients for such a 
program. 

Of course economic evaluation has to encompass both costs and 
consequences (140). Costs entail the direct cost of the intervention borne by 
the patient and provider whereas consequences relate to the effects of the 
intervention. This might include prolongation of life, and improvements in .. 
psychological, emotional or economic function (140). Some of these measure 
can be difficult. The cost is measured in dollars and the consequences in 
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natural units such as life-days or years gained. Recently investigators have 
tried to measure this variable in terms of quality-adjusted life years gained. 
Oldridge randomized post infarction patients with mild to moderate anxiety or 
depression to rehabilitation or standard care {139, 141). At one year, the 
rehabilitated patients had gained 19 quality-adjusted-life days per patient. 

Using previous meta-analysis of cardiac rehabilitation {62,63), the 
authors estimate the cost-effectiveness of cardiac rehabilitation after 
myocardial infarction to be $21 ,800 per life year gained, $6,800 per quality
adjusted life-year gained. The authors conclude that this intervention is more 
cost effective than most treatments for coronary artery disease for which cost
utility estimates exist. 

An office visit where smoking cessation is discussed {142), a daily 
aspirin {143) , and B-blocker therapy for a 55 year old man status post 
myocardial infarction {144) are much more cost effective than rehabilitation 
{130). Rehabilitation has a cost effectiveness similar to that of propranolol for 
a blood pressure >94 mm Hg (145) and lovastatin (40 mg/day) for a cholesterol 
>272 mg/dl {146) and more cost effective than captopril for a diastolic blood 
pressure >94 mm Hg {145) or lovastatin {80 mg./day) for a cholesterol >272 
mg/dl {146). The cost effectiveness is similar to that of coronary artery 
bypass surgery for left main coronary artery disease (130,147). 

Of course these estimates for cardiac rehabilitation rely on meta
analysis for the life prolonging component, and many of the measures are 
inexact. Still, these data suggest that cardiac rehabilitation can be justified 
on an economic basis looking even at hard end points. 

Summary 
Exercise plays a critical role in both the primary and secondary 

prevention of ischemic heart disease. Epidemiologic investigations show 
approximately half the incidence of CAD in active compared to sedentary 
persons. A sedentary lifestyle thus is now considered by national and 
international organizations to be one of the most important modifiable risk 
factors for cardiovascular morbidity and mortality. Fortunately, a moderate 
level of occupational or recreational activity appears to confer a significant .. 
protective effect. Well designed clinical investigations demonstrate that this 
effect is not related to a nonspecific selection bias in favor of already 
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vigorous individuals, but rather a direct protective mechanism of exercise. 
Regular dynamic exercise can improve other known risk factors for CAD 
including plasma lipids, glucose intolerance, abdominal obesity, and perhaps 
hypertension. However even when these other risk factors are taken into 
account, exercise appears to exert an independent protective effect. Once 
coronary artery disease has been manifest, exercise training can clearly 
improve patient's functional capacity and reduce overall mortality by 
decreasing the risk of sudden death. These benefits may occur either through 
direct effects on the coronary .arteries, modifications of autonomic control of 
the circulation or changes in the blood coagulation system. 

Acknowledgements 
I am most grateful to Dr. Ben Levine for his input. I am also grateful 

to Drs. Jere Mitchell and Gunnar Blomqvist for there comments. 



25 

References 

1 ). Fletcher GF, VF Froelicher, LH Hartley, WL Haskell, ML Pollock. Exercise 
standards: a statement for health professionals from the American Heart 
Association. Circulation 82:2286-2322, 1990 

2). Currens JH, PO White. Half century of running: clincial, physiologic and 
autopsy findings in the case of Clarence De Mar, Mr. Marathoner." N Eng I J 
Med 1961 ;265:988-993 

3). Noakes TO, LH Opie, AG Rose. Marathon running and immunity to 
coronary heart disease: fact versus fiction. Clin Sports Med 1984;3:527-
43 

4). Fletcher GF, SN Blair, J Blumenthal, C Caspersen, B Chaitman, S 
Epstein, H Falls, ES Froelicher, VF Froelicher, IL Pina. Statement on 
exercise. Benefits and reecommendations for physical activity programs 
for all Americans. A statement for health professionals by the committee 
on exercise and cardiac rehabilitation of the Council on Clinical 
Cardiology, American Heart Association. Circulation 1992;86:340-344 

5). Bijnen FC, WL Mosterd. Statement of the International Society and 
Federation of Cardiology, Physical inactivity: a risk factor for coronary 
heart disease. J lnt Soc Fed Card 2:5-6, 1992 

6). Morris JN, MD Crawford. Coronary heart disease and physical activity of 
work: evidence of a national necropsy survey. Brit Med J 11:1485-1496, 
1958 

7). Morris JN, JA Heady, PAB Raffle et al. Coronary heart disease and 
physical activity of work. Lancet 2:1111-1120, 1953 

8). Berlin JA, GA Colditz. A meta-analysis of physical activity . in the 
prevention of coronary heart disease. Am J Epidemiol 132:612-628, 1990 

9). Zukel WJ, RH Lewis, MA Enterline et al. A short term community study 
of the epidemiology of coronary heart disease: a preliminary report on 
North Dakota Study. Am J Public Health 49:1630-1639, 1959 



26 

1 0). Kahn HA. The relationship of reported coronary artery heart disease 
mortality to physical activity of work. Am J Public Health 53:1058, 1963 

11 ). Taylor HL, E Klepethr, A Keys, et al. Death rates among physically 
active and sedentary employees of the railroad industry. Amer J Public 
Health 52:1697-1707, 1962 

12). Shapiro S, E Weinblatt, C Frank, RV Sager. Incidence of coronary 
artery disease in a population insured for medical care (HIP). Am J Public 
Health 59:1-101, 1969 

13). Cassel J, S Heyden, AC Bartel, BH Kaplan, HA Troyler, JC Coroni, CG 
Hanes. Occupation and physical activity and coronary artery disease. Arch 
Intern Med 128:920-928, 1971 

14). Brunner D, G Manelis, B Modan, S Levin. Physical activity at work and 
the incidence of myocardial infarction, angina pectoris and death due to 
ischemic heart disease: an epidemiological study in Israeli collective 
settlements (kibbutzim). J Chron Dis 27:217, 1974 

15). Paffenbarger, RS, ME Laughlin, AS Gima, RA Black. Work activity of 
longshoremen as related to death from coronary heart disease and stroke. 
N Eng I J Med 282:11 09-1114, 1970 

16). Paffenbarger RS, WE Hale. Work activity and coronary heart mortality. 
N Engl J Med 292:545-550, 1975 

17). Leon AS, J Connett, DR Jacobs, R Rauramaa. Leisure-time physical 
activity levels and risk of coronary heart disease and death. The Multiple 
Risk Factor Intervention Trial JAMA 258:2388-2395, 1987 

18). Moris JN, SPW Chave, C Adams et al. Vigorous exercise in leisure
time and the incidence of coronary heart disease. Lancet 1:333-339, 1973 

19). Kannel WB, Sorlie P. Some health benefits of physical activity: The 
Framingham Study. Arch Intern Med 139:657-861, 1979 



27 

20). Blair SN, HW Kohl Ill, RS Paffenbarger, et al. Physical fitness and all
cause mortality: a prospective study of healthy men and women. JAMA 
262:2395-2401 1 1989. 

21 ). Morris JN, DG Clayton, MG Everitt, AM Senimence, EH Burgess. Exercise 
in leisure-time: coronary attack and death rates. Br Heart J 63:325-334, 
1993 

22). Garcia-Palmieri MR, R Costas Jr, M Cruz-Vidal, PD Sorlie, RJ Havlik. 
Increased physical activity: a protective factor against heart attacks in 
Puerto Rico. Am J Cardiol 50:749-755, 1982 

23). Paffenbarger RS, RT Hyde, AL Wing, H Chung-Cheng. Physical activity, 
all-cause mortality and longevity of college alumni. N Engl J Med 314:605, 
1986 

24). Paffenbarger RS Jr. RT Hyde, AL Wing, et al N Engl J Med 328:538-545, 
1993 

25). Astrand PO. Textbook of Work Physiology: Physiological Bases of 
Exercise. 3rd edition, NY, McGraw-Hill, 1986 

26). Sandvik L, J Erikssen, E Thanlow, K Rodahl et al. N Engl J Med 328:533-
537, 1993 

27). Bouchard C, R Lesage, G Lortie. Aerobic performance in brothers, 
dizygotic and monozygotic twins. Med Sci Sports Exercise 18:639-646, 
1986 

28). Wilhelmsen L; J Bjure, B Ekstrom-Jodal, M Aurell, et al. Nine years 
follow-up of maximal exercise test in a random population sample of 
middle aged men. Cardiology 69(Suppl2):1-8, 1981 

29). Ekelund L, WL Haskell, JL Johnson, RS Whaley, MH Criqui, DS Sheps. 
Physical fitness as a predictor of cardiovascular mortality in 
asymptomatic North American men: the Lipid Research Clinic Mortality 
Follow-up Study. N Engl J Med 319:1379-1384, 1988 



28 

30). Haskell WL. Health consequences of physcial activity: understanding 
and challenges regarding dose-response; the JB Wolfe Memorial Lecture. 
Med Sci Sports Exercise 26:000-000 1994 (in press). 

31 ). Powell KE, PD Thompson, CJ Caspersen et al. Physical activity and the 
incidence of coronary heart disease. · Annu Rev Public Health 8:253-287, 
1987 

32). Leon AS. Effects of physical activity and fitness on health. In: 
National Center for Health Statistics. Assessing Physical Fitness and 
Physical Activity in Population-Based Surveys. Hyattsville, MD: US 
Department of Hearth and Human Services, 1989; DHHS pub no. (PHS) 89-
1253. 

33). Castelli WP, JT Doyle, T Gordon, et al. HDL cholesterol and other lipids 
in coronary heart disease. The cooperative lipoprotein phenotyping study. 
Circulation 55:767-772, 1977. 

34). Leon AS, WL Haskell. the influence of exercise on the concentrations 
of triglyceride and cholesterol in human plasma. Exerc. Sport Sci Rev. 
12:205-244, 1984 

35). Wood PO, WL Haskell, H Klein, et al. The distribution of plasma 
lipoproteins in middle aged runners. Metabolism 25; 1249-1257, 1976 

36). Rogers MA, C Yamamoto, JM Hagberg. et al. The effects of 7 years of 
intense exercise training on patients with coronary artery disease. J Am 
Coli Cardiel 10:321-326, 1987 

37). Herbert PN, ON Bernier, EM Cullinane, et al. High-density lipoprotein 
metabolism in runners and sedentary men. JAMA 252: 1034-37, 1984 

38). Wood PO, ML Stefanick, DM Dreon, et al. Changes in plasma lipids and 
lipoproteins in overweight men during weight loss through dieting as 
compared with exercise. N Engl J Med: 325:461-466, 1988 



29 

39). Wood PD, ML Stefanick, PT Williams, WL Haskell. The effects on 
plasma lipoproteins of a prudent weight-reducing diet, with or without 
exercise, in overweight men and women. N Engl J Med 325:461-466, 1991 

40). Naito HK The association of serum lipids, lipoproteins, and coronary 
heart disease assessed by coronary arteriography, Ann N Y Acad Sci 454: 
230-238, 1985 

41 ). Kraus RM Regulation of high density lipoprotein levels. Med Clin North 
Am 66: 403-430, 1982 

42). Gyntelber F, R Brennan, JO Holloszy et al. Plasma triglyceride 
lowering by exercise despite increase in food intake in patients with type 
IV hyperlipoproteinemia. Am J Clin Nutr 30: 716-720,1977 

43). Blumenthal JA, WC Siegal, M Appelbaum, et al. Failure of exercise to 
reduce blood pressure in patients with mild hypertension. Results of a 
randomized controlled trial. JAMA 266(15):2098-21 04, 1991 

44). Martin JE, PM Dubbert, WC Cushman, et al. Controlled trial of aerobic 
exercise in hypertension. Circulation 81: 1560-1567, 1990 

45). Urata H, Y Tanabe, A Kiyonaga et al. Antihypertensive and volume
depleting effects of mild exercise on essential hypertension. 
Hypertension, 9 245-252, 1987 

46). Duncan JJ, JE Farr, SJ Upton, et al. The effects of aerobic exercise on 
plasma catecholamines and blood pressure in patients with mild essential 
hypertension. JAMA 254: 2609-2613, 1985 

47). Martin WH, J Montgomery, PG Snell, JR Corbett, JJ Sokolov, JC Buckey, 
DA Maloney, CG Blomqvist. Cardiovascular adaptations to intense swim 
training i sedentary middle-aged men and women. Circulation 1987;75:323-
330 

48). Blair SN, NN Goodyear, LW Gibbons, KH Cooper. Physical fitness and 
incidence of hypertension in healthy normotensive men and women~ JAMA 
252:487-490, 1984 



30 

49). Defronzo RA, E Ferrannini. Insulin resistance. A multifactorial 
syndrome responsible for NIDDM, obesity, hypertension, dyslipidemia, and 
atherosclerotic cardiovascular disease. Diabetes Care 14: 173-194, 1991 

50). King DS, MA Staten, WM Kohrt, et al. Insulin secretory capacity in 
endurance trained and untrained young men. Am J Physiol. 259: E155-81, 
1990) 

51). Helmrich SP, DR Rag lend, RW Leung, RS Paffenbarger Jr. Physical 
activity and reduced occurrence on non-insulin dependent diabetes 
mellitus. N Engl J Med 325:147-152, 1991 

52). Myerburg RJ, KM Kessler, AL Bassett, et al. A bilogical approach to 
sudden cardiac death: structure, function and cause. Am J Cardiel 63:1512-
1516, 1989 

52). HW Kohl, KE Powell, NF Gordon, SN Blair, RS Paffenbarger Jr. Physical 
activity, physcial fitness, and sudden cardiac death. Epidemiological Rev 
14:37-58, 1992 

54). Thompson PD, EJ Funk, RA Carleton, WQ Sturner. Incidence of death 
during jogging in Rhode Island from 1975 through 1980. JAMA 247:2535-
2538, 1982 

55). Siscovick DS, NS Weiss, RH Fletcher, T Lasky. The incidence of 
primary cardiac arrest during vigorous exercise. N Engl J Med 311 :874-
877, 1984 

56). Squires RW, GT Gau, TD Miller, TG Allison, CJ Lavie. Cardiovascular 
rehabilitation: status, 1990. Mayo Clin Proc 65:731-755, 1990 

57). Foster C. Exercise training following cardiovascular surgery. Exerc 
Sports Sci Rev 14:303-323, 1986 

58). Leon AS, C Certo, P Comoss, et al. Scientific evidence of the value of 
cardiac rehabilitation services with emphasis on patients following 
myocardial infarction - Section 1: Exercise conditioning compon.ent. J 
Cardiopulm Rehab 1 0:79-87, 1990 



31 

59). Levine, BD, DB Friedman, AN Williams. Starting a cardiac 
rehabilitation program: theory and practice. Cardia 9:26-37, 1992 

60) . Hellerstein HK, AB Ford. Rehabilitation of the cardiac patient. J Am 
Med Assoc 164:225-231, 1957 

61). Kallio V, H Hamalainen, J Hakkila et al. Reduction in sudden deaths by 
a multifactorial intervention programme after acute myocardial 
infarction . Lancet 2:1081 -1094, 1979 

62). Oldridge NB, GH Guyatt, ME Fischer, AA Rimm. Cardiac rehabilitation 
after myocardial infarction, combined experience of randomized clinical 
trials. JAMA 260:945-950, 1988 

63). O'Connor GT, JE Suring, S Yusuf, et al. An overview of randomized 
trials of rehabilitation with exercise after myocardial infarction. 
Circulation 80:234-244, 1989 

64). Mitchell JH. Exercise training in the treatment of coronary heart 
disease. Adv Intern Med 20:249-272, 1975 

65). Detry J-MR, M Rousseay, G Vandenbroucke, et al. Increased 
arteriovenous oxygen difference after physical training in coronary heart 
disease. Circulation 44:109-118, 1971 

66). Ehsani AA, DR Biello, J Schultz, BE Sobel, JO Holloszy. Improvement of 
left ventricular contractile function by exercise training in patients with 
coronary artery disease. Circulation 74:350-358, 1986 

67). Saltin B, CG Blomqvist, JH Mitchell, et al. Response to exercise after 
bedrest and after training. Circulation 38:1-78, 1968 

68) . Gaffney FA, JV Nixon, ES Karlsson, CG Blomqvist et al. Cardiovascular 
deconditioning produced by 20 hours of bedrest with head-down tilt (-So) 
in middle aged healthy men. Am J Cardiel 56:634-638, 1985 



32 

69). Blomqvist CG, HL Stone. Cardiovascular adjustments to gravitational 
stress, in Handbook of Physiology, J.T. Shepherd and F.M. Abboud ed, 
Section 2, The Cardiovascular System, 111(2) :1025-1063, 1983 

70). Graham LE. Patients' perceptions in the CCU. Am J Nursing 69:1921-
1922, 1969 

71 ). Myerburg RJ, KM Kessler, A Castellanos. Sudden cardiac death. 
Structure, function and time-dependence of risk. Circulation 85(Suppl 
1):12-10, 1992 

72). Friedman DB, CW Yancy Jr, AN Williams, BD Levine. Cardiac 
rehabilitation in the medically indigent: successful compliance, training, 
and life-style adjustment. Med Sci Sports Med 24:S2, 1992 

73). Borg G. Perceived exertion as an indicator of somatic stress. Scand J 
Rehabil Med 2:92-98, 1970. 

74). Chow RJ, JH Wilmore. The regulation of exercise intensity by ratings 
of perceived exertion. J Cardiac Rehab 4:382-387, 1984 

75). Gossard D, WL Haskell, RF DeBusk, et al. Effects of low- and high
intensity home-based exercise training on functional capacity in healthy 
middle-aged men. Am J Cardiel 57:446-449, 1986 

76). Homans DC, DD Laxson, E Sublett, P Lindstrom, RJ Bache. Cumulative 
deterioration of myocardial function after repeated episodes of exercise
induced ischemia. Am J Physiol H1462-H1471, 1989 

77). Donnely T J, RE Sievers, FLJ Vissern, WJ Welch, CL Wolfe. Heat shock 
protein induction in rat hearts: a role for improved myocardial salvage 
after ischemia and reperfusion? Circulation 85:769-778, 1992 

78). Hossack KF, R Hartwig. Cardiac arrest associated with supervised 
cardiac rehabilitation. J Cardiac Rehab 2:402-408, 1982 

79). Cobb LA, D Weaver. Exercise: a risk for sudden death in patien·ts with 
coronary heart disease. JACC 7:215-219, 1986 



33 

80). DeBusk RF, CG Blomqvist, NT Kouchoukos, et al. Identification and 
treatment of low-risk patients after acute myocardial infarction and 
coronary-artery bypass graft surgery. N Engl J Med 314:161-166, 1986 

81 ). Miller NH, WL Haskell, K Berra, RF DeBusk. Home versus group exercise 
training for increasing functional capacity after myocardial infarction. 
Circulation 70:645-649, 1984 

82). Haskell WL. Cardiovascular complications during exercise training of 
cardiac patients. Circulation 57:920-924, 1978 

83). Van Camp SP, RA Peterson. Cardiovascular complications of 
outpatient cardiac rehabilitation programs. JAMA 256:1160-1163, 1986 

84). Juneau M, R Rogers, RF DeBusk, et al. Effectiveness of self-monitored, 
home-based, moderate-intensity exercise training in middle aged men and 
women. Am J Cardiel 60:66-70, 1987 

85). Coats AJS, S Adamopoulos, TE Meyer, J Conway, P Sleight. Effects of 
physcial training in chronic heart failure . Lancet 335:63-66, 1990 

86). Laughlin MH, RM McAllister. Exercise training induced coronary 
vascular adaptation. J Appl Physiol 73:2209-2225, 1992 

87). Tepperman J. D Pearlman. Effects of exercise and anemia on coronary 
arteries in small animals as revealed by the corrosion-cast technique. 
Circ Res 9:576-584, 1961 

88). Wyatt HL and J H Mitchell. Influences of physical conditioning and 
deconditioning on coronary vasculature of dogs. J Appl Physiol 45:619-
625, 1978 

89). Bove AA and JD Dewey. Proximal coronary vasomotor reactivity after 
exercise training in dogs. Circulation 71 :620-625, 1985 

90). Rose G RJ Prineas, JRA Mitchell. Myocardial infarction and the 
intrinsic calibre of coronary arteries. Brit Heart J 28:548-552, 1967 



34 

91 ). Mann GV, A Spoerry, M Gran D Jarashow. Atherosclerosis in the Masai. 
Am J Epid 96:26-57, 1971 

92). Pellicia A, A Spartaro, M Granata, A Biffi, G Caselli, A Alabiso . 
Coronary arteries · in physiological hypertrophy: echocardiographic 
evidence of increased proximal size in elite athletes. lnt J ?Sports Med 
11 :120-126, 1990 

93). Eckstein RW. Effect of exercise and coronary artery narrowing on 
coronary collateral circulation Circ Res 5:230-235, 1957 

94). Cohen MV., T Yipintsoi, J Scheuer. Coronary collateral stimulation by 
exercise in dogs with stenotic conronary arteries. J Appl Physiol 52:664-
671, 1982 

95). Heaton WH, KC Marr, N Capurro, RE Goldstein, SE Epstein. Beneficial 
effect of physical training on blood flow to myocardium perfused by 
chronic co !laterals in the exercising dog. Circulation 57:575-581, 1978 

96). Scheel KW, LA Ingram, JL Wilson. Effects of exercise on the coronary 
and collateral vasculature of beagles with and without coronary occlusion. 
Circ Res 48:523-530, 1981 

97). Roth DM, FC White, ML Nichols, SL Dobbs, JC Longhurst, CM Bloor. 
Effect of long-term exercise on regional myocardial function and coronary 
collateral development after gradual coronary artery occlusion in pigs. 
Circulation 82:1778-1789, 1990 

98). Kavanaugh T. Does exercise imporve coronary collateralization ? A 
new look at an old belief. Physician Sportsmed 17:96-114, 1989 

99). Kramsch DM, AJ Aspoen, BM Abramowitz. Reduction of coronary 
atherosclerosis by moderate conditioning exercise in monkeys on an 
atherogenic diet. N Engl J Med 305:1483-1489, 1981 



35 

1 00). Hambrecht R, J Niebauer, C Marburger, et al. Various intensities of 
Leisure time physical activity in patients with coronary artery disease: 
Effects on cardiorespiratory fitness and progression of coronary 
athersclerotic lesions. J Am Coli Cardiol: 468-477, 1993 

101 ). Ehsani AA, GW Heath, JM Hagberg, et al. Effects of 12 months of 
intense exercise training on ischemic ST segment depression in patients 
with coronary artery disease. Circulation 64:1116-24, 1981 

1 02). Haskell WL, CS Sims, J Myll, WM Bortz, FG St. Goar, EL Alderman. 
Coronary artery size and dilating capacity in ultra-distance runners. 
Circulation 87:1076-1081, 1993 

1 03). Levine BD, JH Mitchell. "Ultra" coronary arteries: bigger and better? 
Circulation 87:1402-1404, 1993 

1 04). Vanhoutte PM, H Shimokawa. Endothelium-derived relaxing factor 
and coronary vasospasm. Circulation: 80:1-9, 1989 

1 05). Snell PG, WH Martin, JC Buckey, CG Blomqvist. Maximal vascular leg 
conductance in trained and untrained men. J Appl Physiol 62:606-610, 
1987 

106). Levine BD, JC Buckey, JM Fritsch, CW Vance, DE Watenpaugh, DL 
Eckberg, CG Blomqvist. Physical fitness and cardiovascular regulation: 
mechanisms of orthostatic intolerance. J Appl Physiol 70:112-122, 1991 

1 07). Davies MJ, AC Thomas: Plaque fissuring: The cause of acute 
myocardial infarction, sudden ischaemic death, and crescendo angina. Br 
Heart J 53:363-373, 1985 

1 08). Falk E. Why do plaques rupture? Circulation 86[suppl 111]:11130-42, 
1992 

1 09). Pod rid PJ, T Fuchs, R Cardinas. Role of the sympathetic nervous 
system in the genesis of ventricular arrythmias. Circulation 82(Suppl 
2):1103-13, 1990 



36 

11 0). Casolo CG, P Stroder, C Signorinin et al. Heart rate variability during 
the acute phase of myocardial infarction. Circulation 85:2073-2079, 1992 

111 ). Kleiger RE, JP Miller, JT Bigger Jr. et al. Decreased heart rate 
variability and its association with increased mortality after acute 
myocardial infarction. Am J Cardiel 59:256-262, 1987 

112). Farrell TG, Y Bashir, R Cripps, M Malik, J Poloniecki, ED Bennett, DE 
Ward, AJ Camm. Risk stratification for arrhythmic events in 
postinfarction patients based on heart rate variability, ambulatory 
electrocardiographic variables and the signal-averaged electrocardiogram. 
JACC 18:687-697, 1991 

113). Seals DR, PB Chase. Influence of physical training on heart rate 
variability and baroreflex circulatory control J Appl Physiol 66:1886-95, 
1989 

114). Pagain M, V Somers, R Furlan et al. Changes in autonomic regulation 
induced by physical training in mild hypertension. Hypertension: 12:600-
610, 1988 

115). Coats AJ, S Adamopoulos, A Radelli, et al. Controlled trial of 
physical training in chronic heart failure. Exercise performance, 
hemodynamics, ventilation and autonomic function. Circulation 85:2119-
2131, 1992 

116). Billman GE, PJ Schwartz, HL Stone. The effects of daily exercise on 
susceptibility to sudden cardiac death. Circulation 69:1182-1189, 1984 

117). Vanoli E, GM DeFerrari, M Str4amba-Badiale, SS Hull Jr, RD Foreman, 
PJ Schwartz. Vagal stimulation and prevention of sudden death in 
conscious dogs with a healed myocardial infarction. Circ Res 
1991;68:1471-1481 

118). J Hunter A Treatise on Blood, Inflammation, and Gunshot Wounds. 
London, 1794, p.88 



37 

119). Bourey RE, SA and Santoro. Interactions of exercise, coagulation, 
platelets, and fibrinolysis - a brief review. Review, Med Sci Sports 
Exercise 20:439-446, 1988 

120). Dufaux B, U Order, H Liesen. Effect of a short maximal physical 
exercise on coagulation, fibrinolysis, and complement system. lnt J Sports 
Med 12(Suppl 1 ):S38-42, 1991 

121 ). Bartsch P, A Haeberli, PW Straub. Blood coagulation after long 
distance running: antithrombin Ill prevents fibrin formation. Thromb and 
Haemostasis 63:430-434, 1990 

122). Kopitsky RG, MP Switzer, RS Williams et al. The basis for the 
increase in factor VIII procoagulant activity during exercise. Thromb 
Haemost 49:53-57, 1983 

123). Davis GL, CF Abildgaard, EM Bernauer, et al. Fibrinolytic and 
hemostatic changes during and after maximal exercise in males. J Appl 
Physiol 40:287-292, 1976 

124). Ferguson EW, CF Barr, LL Bernier. Fibrinogenolysis and fibrinolysis 
with strenuous exercise. J Appl Physiol 47:1157-1161, 1979 

125). Chandler WL, RC Veith, GW Fellingham et al. Fibrinolytic response 
during exercise and epinephrine infusion in the same subjects. JACC 
19:1412-1420, 1992 

126). Rauramaa AJ, JT Salonen, K Seppanen, et al. Inhibition of platelet 
aggregability by moderate-intensity physical exercise: a randomized 
clinical trial in overweight men. Circulation 74: 939-944, 1986 

127). Williams RS, S Eden, J Andersen. Reduced epinephrine-induced 
platelet aggregation following cardiac rehabilitation. J Clin Res 1:127-
134, 1981 

128). Lehmann M, K Hasler, E Bengdalt et al. Physical activity and coronary 
heart disease: sympathetic drive and adrenaline-induced platelet 
aggregation. lnt J Sports Med 7(Suppl) :34-37, 1986 



38 

129). Stratton JR, WL Chandler, RS Schwartz et al. Effects of physical 
conditioning of fibrinolytic variables and fibrinogen in young and old 
healthy adults. Circulation 83: 1692-1697, 1991 

130). Pashkow FJ. Issues in comtemporary cardiac rehabilitation: a 
historical perspective. JACC 21 :822-834, 1993 

131 ). Dennis C. Cost-effectiveness in cardiac rehabilitation. J 
Cardiopulm Rehabil 11 :128-131, 1991 

132). Luginbuhl W, Forsyth B, Hirsch G, Goodman M. Prevention and 
rehabilitation as a means of cost containment: the example of myocardial 
infarction. J Public Health Policy 2:103-115, 1981 

133). Oldridge NB, Rogowski BL. Self-efficacy and in-patient cardiac 
rehabilitation. Am J Cardiel 66:362-365, 1990 

134). Cordtz D. For our own good. Financial World 160:50, 1991 

135). Ades PA, Huang D, Weaver SO. Cardiac rehabilitation participation 
predicts lower rehospitalization costs. Am Heart J 123:916-921, 1992. · 

136). Picard MH, Dennis C, Schwartz RG, et al. Cost-benefit analysis of 
early return to work after uncomplicated acute myocardial infarction. Am 
J Cardiel 63:1308-1314, 1989. 

137). Wittels EH, Hay JW, Gotto AJ. Medical costs of coronary artery 
disease in the United States. Am J Cardiel 65:432-440, 1990. 

138). Weinstein MC, Stason WB. Foundations of cost-effectiveness 
analysis for health and medical practices. N Engl J Med 296:716-721, 
1977. 

139). Oldridge N, Furlong W, Feeny D, et al. Economic evaluation of 
cardiac rehabilitation soon after acute myocardial infarction. Am J 
Cardiel (in press). 



39 

140). Drummond MF, Stoddart GL, Torrance GW. Methods for the economic 
evaluation of health care programmes. Oxford: Oxford University Press:5-
17, 1987. 

141 ). Old ridge N, Guyatt G, Jones N, et al. Effects on quality of life with 
comprehensive rehabilitation after acute myocardial infarction. Am J 
Cardiel 67:1084-1089, 1991. 

142). Cummings SA, Rubin SM, Oster G. The cost-effectiveness of 
counseling smokers to quit. JAMA 261:75-79, 1989. 

143). Hugenholtz PG. On jumbo and junk trials: a fumbled affair, a jungle, 
or the ultimate solution? Am J Cardiel 67:763-764, 1991. 

144). Goldman L, Sia ST, Cook EF, Rutherford JD, Weinstein MC. Costs and 
effectiveness of routine therapy with long-term beta-adrenergic 
antagonists after acute myocardial infarction. N Eng I J Med 319:152-157, 
1988. 

145). Edelson JT, Weinstein MC, Tosteson AN, Williams L, Lee TH, Goldman 
L. Long-term cost-effectiveness of various initial monotherapies for mild 
to moderate hypertension. JAMA 263:407-413, 1990. 

146). Goldman L, Weinstein MC, Goldman PA, Williams LW. Cost
effectiveness of HMG-CoA reductase inhibition for primary and secondary 
prevention of heart disease. JAMA 265:1145-1151 , 1991 . 

147). Goel V, Deber RB, Detsky AS. Nonionic contrast media: economic 
analysis and health policy development. Can Med Assoc J 140:389-395, 
1989. 



UALLAS COUNTY HOSPITAL DISTRICT 
Dallas, Texas 

APPENDIX 

CARDIAC REHABILITATION SERVICES 
PHASE I PATIENT PROGRESS REPORT 

PATIENT NAME: UNIT: DATE: 

PROTOCOL: STANDARD MODIFIED (Please Check One) 

NOTE: 1. Patient enrollment in Stage I requires Physician Order. 
2. Progression to subsequent Stages depends on careful assessment of individual patient tolerance. 

CRITERIA: 1. No angina at current activity level 
2. Absence of excessive dyspnea or fatigue 
3. Absence of dizziness or orthostatic BP decline exceeding 20/mmHg 
4. Maintenance of systolic BP > 90 mmHg 
5. Increase in HR > 25 BPM during exercise 
6. Absence of a new 53 or rales (M.D. Assessment) 
7. Progession on modified protocol by M.D. order 

ANY ABNORMAL RESPONSE TO ACTIVITY SHOULD BE REPORTED TO THE RESPONSIBLE PHYSICIAN 
FOR REASSESSMENT OF THE EXERCISE PRESCRIPTION. 

ACTIVITY CODE 
STAGE 1: STAGE II: 

A. Active ROM q4h E. Wash face, hands, G. Up in chair: I. Sitting Self-care 
B. Bedside commode Brush teeth 15 min q4H J. Active ROM: Standing 
C. Deep Breathing q2h F. Dangle legs: H. Active ROM: 
D. Self feeding 15 min. q4h sitting 

STAGE 

I DATE 

PRE: TIME 
HR/BP/RR 

220 220 
200 200 
180 180 

POST: 
160 160 HR/BP/RR 
150 150 

140 140 

130 130 

120 120 

110 110 

100 100 

90 90 

80 80 

70 70 

60 60 

50 50 
n I I 0 

RR / // / // / // L ~L Z/ / 
ACTIVITY CODE 

R.N. INITIAL 

R.N. SIGNATURE 

Comments: 

1271 



UALLA::i t;UUNTY HOSPITAL DISTRICT 
· Dallas, Texas 

CARDIAC REHABILITATION SERVICES 

PHASE I PATIENT PROGRESS REPORT 

APPENDIX 

PATIENT NAME: UNIT: DATE:-------

PROTOCOL: STANDARD MODIFIED (Please Check One) 
NOTE: PROGRESSION TO AND THROUGH STAGE Ill OF THE CARDIAC REHABILITATION PROGRAM IS DEPENDENT UPON CAREFUL 
ASSESSMENT OF THE RESPONSE TO PRECEEDING ACTIVITIES. ANY ABNORMAL RESPONSE SHOULD BE REPORTED TO THE 
RESPONSIBLE PHYSICIAN FOR REASSESSMENT OF THE EXERCISE PRESCRIPTION. 

K. Up in room ad lib, BR privileges 
L. Walk 100ft., interrupted 
M. Attend Cardiac Rehab Classes 

PRE: 
HR/BP/RR 

180 
POST: 

160 
HR/BP/RR 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

ACTIVITY CODE 

STAGE Ill : 

N. Tour Rehab Center 
0. Walk 100ft. 
P. Walk 200 ft. 

0. Walk 300 ft. 
R. Walk 5 min. 
S. Walk 1 0 min. q6h while awake 

220 
200 
180 

160 

150 

140 

130 

120 

110 

100 

90 

eo 
70 

60 

50 

0 

Comments: ________________________________________________________________________ _ 

IF POSSIBLE. EXERCISE SESSIONS SHOULD OCCUR TID. WALKING SESSIONS SHOULD BE PRECEEDED BY 5 MINUTES OF STANDING/ 
STRETCHING. WHEN ABLE TO WALK 100FT., PATIENT SHOULD BE ALLOWED TO SHOWER. IF APPROPRIATE. 

Physician Checklist: 

1. Completion of Phase 1: ----=-:-----7---:;-:-=---- ---------------------R:..!.:.!..:.:..N. 
Date Time 

2. Submaximal Exercise Tolerance Test Scheduled for:---------------------------------------

3. Referral for Phase II Cardiac Rehabilition: -----------------------------------------

4 . Cardiology Clinic Appointment: ---------------------------------

M.D. 

L-_P_h~ys_i_ci_a_n_'s __ S~ig~n_a_tu_r_e _________ P_r_in_t_P_h_y_s_ic_ia_n_'_s_N_a_m_e ________ B_e_e_p_e_r_N_u_m_b_e_r_~271 


