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Principles of exercise prescription for patients 
with coronary artery disease 

Neil L. Coplan, M.D., Gilbert W. Gleim, Ph.D., and James A. Nicholas, M.D. 
New York, N.Y. 

Exercise prescription for patients with coronary 
artery disease should be designed so that exercise is 
both safe and effective. Exercise, like medication, 
must be tailored to the individual’s needs. Sound 
exercise prescription requires that the entire patient 
be considered, including attitude and motivation 
(Fig. 1). Pathology outside the cardiovascular sys- 
tem may affect the cardiovascular response to exer- 
cise. For example, anemia alters the oxygen-carrying 
capacity of the blood and thereby may change the 
cardiac output needed to attain a given oxygen 
consumption.l Abnormalities of the musculoskeletal 
system-such as leg weakness from trauma-are 
frequently overlooked, but may also significantly 
affect the cardiovascular response to exercise. 

The most commonly used tool for developing an 
exercise prescription is the treadmill exercise test. 
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This test affords an opportunity to observe the 
physiologic effects of exercise in a controlled, moni- 
tored situation. The information obtained includes 
heart rate and blood pressure changes during exer- 
tion, the workload at which angina or ischemic 
changes on the ECG occur, the presence of exercise- 
induced arrhythmia, and the patient’s functional 
capacity (i.e., the duration and intensity of exercise 
before having to stop). These data are used for 
diagnosis of cardiovascular disease and development 
of the exercise prescription. 

However, information from the treadmill test 
alone is frequently not sufficient for determining a 
complete exercise prescription. There are two basic 
steps involved in formulating an exercise prescrip- 
tion: (1) determination of optimal exercise intensity 
and (2) adaptation of the recommendation to 
include other forms of exercise. The latter requires 
consideration of the cardiovascular response during 
different types of exertion. For example, arm exer- 
cise results in different hemodynamics and oxygen 
consumption than exercise with a large component 
of leg work.2-4 Static exercise is associated with an 
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Fig, 1. Factors contributing to exercise performance. 
(Reproduced with permission from Gleim C, Coplan NL, 
Nicholas J: Bull NY Acad Sci 62:211, 1986.) 

increase in mean blood pressure, while dynamic 
exercise usually results in a significant increase in 
heart rate and oxygen consumption with little eleva- 
tion of mean blood pressure. The physiologic princi- 
ples underlying determination of optimal exercise 
intensity and generalization of the exercise prescrip- 
tion are discussed below. 

Determination of optimal exercise intensity. The 
guidelines for determination of optimal exercise 
intensity from the treadmill test depend upon the 
population that is being tested. Patients with coro- 
nary artery disease can be divided into two broad 
groups, those with manifestations of ischemia (i.e., 
angina, ECG changes, etc.) during exertion and 
those without these findings. The optimal treadmill 
exercise intensity in the former group is a level 
below that at which evidence of ischemia occurs. 
Determination of the optimal treadmill exercise 
intensity in the latter group is much more difficult. 
Methods used include the recommendation that 
exercise should be done at an intensity that results 
in a certain percentage of maximal heart rate (i.e., 
target heart rate of 70% to 85 % maximal heart rate) 
or in a target heart rate corresponding to a certain 
percentage of maximal oxygen consumption.5 

Our bias is that the exercise prescription should 
be based on variables that reflect metabolic changes 
occurring during exertion. The lactate threshold- 
the term used to denote the work intensity at which 
plasma lactate begins to rise during incremental 
exercise-serves as a useful guideline.6 Plasma cate- 
cholamines and renin begin to rise after incremental 
exercise surpasses the lactate threshold.7-g This pres- 

sor hormone response may have deleterious conse- 
quences for patients with coronary artery disease, 
hypertension, or arrhythmias. Indirect evidence sug- 
gests that exercise above the lactate threshold 
increases exertion-related mortality. A recent review 
of 15 cases of sudden death during cardiac rehabili- 
tation showed that nine of the patients were exercis- 
ing in excess of 85% of maximum heart rate,lO and 
thus were likely to have been at an exercise intensity 
in excess of the lactate threshold. 

The degree of work associated with the lactate 
threshold is influenced by many factors, including 
the presence of heart disease, peripheral vascular 
disease, and the individual’s “fitness.“6, l1 The lac- 
tate threshold does not occur at the same percentage 
of maximal heart rate in all patients, nor can it be 
related to the same percentage of maximal oxygen 
uptake. Consequently, it is difficult to do more than 
grossly approximate the value by use of a standard 
percentage of maximal heart rate or maximal oxygen 
uptake. Accurate determination of the lactate 
threshold requires additional information. 

The best method for determination of the lactate 
threshold is to sequentially sample lactate during 
incremental exercise. Ventilatory measurements 
made during exercise can closely approximate the 
lactate threshold noninvasively.6,‘“s’3 Minute venti- 
lation (V,), oxygen consumption (Vo,), and carbon 
dioxide production (VcoJ all increase linearly dur- 
ing the initial stages of exercise. A nonlinear rise in 
0, and Vco2 that is out-of-proportion to VoZ occurs 
at the work intensity corresponding to lactate 
threshold. This results in an increase in the ventila- 
tory equivalent of oxygen (V,/VoJ and end-tidal O2 
at a point at which the ventilatory equivalent of 
carbon dioxide (VJVcoJ and end-tidal CO, are 
relatively unchanged. 

Ventilatory measurements during exercise can be 
used for deriving an exercise prescription (Fig. 2). 
An exercise intensity below that associated with the 
lactate threshold avoids hormonal and metabolic 
changes that may increase the risk of exercise. An 
additional benefit is the fact that exercise training 
below the lactate threshold is characterized by 
increased endurance capacity.6y l3 Exercise prescrip- 
tion from this method is based on the sum total of 
the many interacting factors that combine to influ- 
ence functional capacity. The recommendation is 
individualized, and serves to minimize the risks and 
maximize the benefits that can be derived from 
exercise. 

Adapting the exercise prescription to other forms of 
exercise. After determination of the optimal exercise 
intensity from the treadmill data, the exercise pre- 
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Fig. 2. Use of ventilatory measurements during exercise 
for determination of target heart rate. The slope of i’, vs 
\jo2 increases and the percentage of oxygen in expired air 
increases at the level of activity associated with the lactate 
threshold. The heart rate at which these ventilatory 
changes occur, 150 bpm in this patient, can be used as the 
target heart rate. 00, = oxygen consumption; ve = minute 
ventilation; FE,,, = fraction of 0, in mixed expired air; 
FE~.~~,, = fraction of CO, in mixed expired air. 

scription should be adapted to include other forms 
of exercise. Treadmill time can be related to other 
activities by use of a common denominator, either 
the oxygen consumption associated with performing 
work or the heart rate associated with performing a 
certain amount of work. Therefore, an exercise 
prescription is usually made in terms of either a 
target oxygen consumption or a target heart rate. 
Each approach has its limitations. 

Exercise prescription based on oxygen consumption. 
Systemic oxygen consumption increases with incre- 
mental exercise until the point of maximal oxygen 
uptake is reached.14 Maximal oxygen uptake is a 
measure of cardiovascular fitness, and is a function 
of maximal cardiac output and peripheral oxygen 
extraction. 

The optimal exercise intensity, derived from 
treadmill testing, may be generalized to other forms 
of exercise by comparing the oxygen consumption 
safely achieved during treadmill exercise with the 
oxygen consumption that is predicted to be required 
for performance of other types of exercise (i.e., 
swimming, tennis, etc.).j This method is based on 
the principle that different types of exercise that 
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Fig. 3. Relationships of external work to oxygen 
consumption and oxygen consumption to rate-pressure 
product. Assumed oxygen consumption, derived from 
regression equations and based on the amount of work 
performed, may overestimate actual oxygen consumption. 
Exercise prescription based on assumed oxygen consump- 
tion (A) will then result in a higher rate-pressure product 
than exercise prescription based on measured oxygen 
consumption (B), and may exceed the threshold for 
myocardial ischemia. Vo2 = oxygen consumption; 
RPP = rate-pressure product (heart rate and systolic 
blood pressure), a correlate of myocardial oxygen con- 
sumption. 

elicit the same oxygen consumption will result in a 
similar cardiovascular response and myocardial oxy- 
gen consumption. This implies that equivalent work 
has an equivalent cardiovascular effect, regardless of 
how it is achieved. However, the relationship of 
myocardial oxygen consumption to systemic oxygen 
consumption (i.e., the efficiency of the circulatory 
response to exerciseX5) is affected by the type of 
exercise performed and by the patient’s physical 
conditioning. Static exercise causes a higher heart 
rate and systolic blood pressure than dynamic exer- 
cise at a given work load.16 Similarly, arm exercise 
results in higher indices of myocardial oxygen con- 
sumption than leg exercise at a similar total body 
oxygen uptake.4 Differences in the degree of static/ 
dynamic exercise and arm/leg work between a recre- 
ational activity and treadmill exercise may result in 
a myocardial oxygen consumption that varies from 
what would be expected based on observations 
during treadmill testing, and thus must be consid- 
ered when formulating an exercise prescription. 

Physical training improves circulatory efficiency, 
mainly by enhancing peripheral oxygen extrac- 
tion.17.19 This training effect is specific for the 
trained muscle group. 20,21 For example, the heart 
rate is lower at any given work level for arm work 
when the arm is trained; much less, if any, effect is 
evident for leg work when the arm is trained. 
Exercise prescription based on a trained muscle 
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group may result in unexpectedly high heart rates if 
the activity level is generalized to untrained activity. 
A person in a rehabilitation program involving 
treadmill exercise may increase his treadmill exer- 
cise time substantially, yet continue to have angina 
when performing activities involving nontrained 
muscle groups. 

Oxygen uptake during treadmill work is either 
measured directly or is approximated by use of 
regression equations (assumed oxygen consump- 
tion).22 Exercise prescription based on an assumed 
oxygen consumption lacks precision. Assumed oxy- 
gen consumption may vary significantly from the 
actual measured oxygen consumption, and usually 
overestimates the real oxygen consumption.23-Z5 Fig. 
3 shows the effect this can have on exercise prescrip- 
tion. A recommendation of activity level based on a 
falsely elevated assumed oxygen consumption may 
result in a mycardial oxygen consumption that 
exceeds the threshold for ischemia. Measurement of 
ventilatory gases during the treadmill test elimi- 
nates this source of error. 

Exercise prescription based on target heart rate. 
Many of the problems noted above can be avoided if 
generalization of the exercise prescription is made in 
terms of a target rate. This is based on the concept 
that exercise can be safely performed as long as the 
exercise heart rate does not exceed that which has 
been demonstrated to be safe during treadmill exer- 
cise. Activity level is guided by the heart rate 
response to whatever kind of exercise the patient 
wants to perform. 

A generalized exercise prescription based on tar- 
get heart rate is limited by the fact it only reflects 
the relationship between heart rate and myocardial 
oxygen consumption during ong type of exercise. 
Other forms of exercise may vary in the way the 
factors that contribute to myocardial oxygen con- 
sumption (i.e., heart rate, systolic blood pressure, 
left ventricular volume, and contractility) respond 
to exercise. Exercise that evokes similar heart rates 
but different systolic blood pressures will result in 
different myocardial demand. Thus, a patient may 
exceed the threshold for ischemia if the target heart 
rate determined from the treadmill is reached dur- 
ing arm exercise. It may be necessary to modify the 
target heart rate based on the hemodynamic 
response associated with the type of exercise the 
patient wants to do. 

The target heart rate derived from ventilatory 
measurements also must be modified according to 
exercise type. The lactate threshold may vary signif- 
icantly for different exercise modalities.26 The result 
is that a target heart rate below lactate threshold on 
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the treadmill may be above lactate threshold for 
another form of exercise. Once again, modification 
of the target heart rate is needed to achieve the most 
effective and practical exercise prescription. 

Regardless of how the recommendation is formu- 
lated, it must be individualized to the patient’s 
condition and needs. This may require determina- 
tion of optimal exercise intensity based on a test 
that reflects the activity the patient wants to per- 
form, rather than generalizing the recommendation 
from one standard test. Further alterations may be 
needed as a function of changes in the patient’s 
underlying disease, medication, or training effect. 

SUMMARY 

Exercise performance is determined by the inter- 
action of many systems. Cardiac disease, non- 
cardiovascular pathology, physical training, and the 
hemodynamic response to the type of exercise the 
patient wants to perform should all be considered 
when developing an exercise prescription. There are 
two stages for deriving a complete exercise prescrip- 
tion, determination of optimal exercise intensity 
from an exercise test and adaption of the recommen- 
dation to include other forms of exercise. The 
recommendation is usually based on a target oxygen 
consumption or a target heart rate derived from a 
treadmill test, but both of these methods may be of 
limited effectiveness. Ventilatory measurements 
during exercise, which reflect metabolic changes, are 
a useful adjunct. The exercise prescription must be 
individualized to the patient’s needs, and may have 
to be modified so that exercise intensity remains 
within acceptable limits. 
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