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ABSTRACT
THE EFFECTS OF A 9-MONTH EXERCISE PROGRAM
ON CORONARY ARTERY DISEASE PATIENTS
by M. R. Sadri

The purpose of this retrospective study was to determine if nine months of aerobic
exercise performed three days a week for 35 minutes per session, at intensities of 60-85%
of symptom-limited maximum heart rate, could significantly reduce the weight, resting and
submaximum exercise heart rates, resting and submaximum exercise mean blood
pressures, and submaximum exercise rate-pressure product. The subjecis were 1G0 (50
experimentals, 50 controls) adult white males with coronary artery disease (CAD), with
and without hypertension.

Results of {-tests for independent groups revealed that participation of CAD subjects
within a structured exercise training program brought about statistically significant
reductions (improvements) on all the aforementioned dependent variables. The results of
two two-way ANOVA indicated that being hypertensive or not had no influence on the
results obtained. The most noteworthy result was the improvement in the work tolerance

index (reduction of submaximum exercise rate-pressure product).
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Chapter 1

Intr ion

More people in the United States suffer from cardiovascular
diseases than any other chronic ailment (Tortora & Anagnostakos,
1981). Two forms of cardiovascular disease, coronary artery disease
(CAD) and hypertension, are the most significant contributors to human
heart attack (Tortora & Anagnostakos).

During the past 20 years, exercise training programs have been
used in the management and treatment of cardiovascular diseases.
Several studies have demonstrated that properly executed training
programs, used in conjunction with proper medication, improve the
exercise tolerance in the majority of CAD patients, allowing them to do
more physical work with less discomfort and pain, and thus enhancing
their quality of life (Clausen & Trap-Jensen, 1970; Stuart, Sanker &
Lundstorn, 1985; Vanhees, Fagard, & Amery, 1982).

To understand why and how exercise tolerance or work capacity
can be altered in patients with cardiovascular disease, a measure of the
understanding of the nature of the disease is needed. The physiological
components that enable the organism to exercise more, the system of
exercise, and the variables which influence the physiological
components to adjust to the stress of physical work, need to be
understood.

The physiological components that are most clearly involved are

the central circulatory components, mainly the heart, and the



peripheral circulatory components, mainly the skeletal muscle tissue
(Clausen, 1976). It is through the collaboration between these two
separate, but integrated components, that the organs receive and utilize
adequate oxygenated blood to fuel muscular activities for physical
movements of all kinds (Tortora & Anagnostakos, 1981). In fact, the
equation below demonstrates how these two components exert their
influences in the basic fundamental equation of human exercise
physiology (Froelicher, 1983).
Endurance Fitness = heart’s pumping action x

muscle tissue’s ability to

extract oxygen from the

circulating blood

Improvements or changes in exercise capacity are possible by
changes in the heart, the skeletal muscle tissues, or both of these
(Froelicher, 1983). These changes can be effected by a program of
regular exercise.

Any system of exercise has four basic components: intensity,
frequency, duration, and the mode of exercise or activity. By direct
manipulation of one or more of these components a specific training
effect can be achieved (Davis & Convertino, 1975; Fox, et al., 1975;
Pollock, Dimmick, Miller, Kendrick & Linnerud, 1975).

Although athletes may regularly perform exercises of an intensity
and duration requiring near maximum oxygen uptake, the beneficial
effects non-athletes and cardiac patients obtain from physical training
are obtained at a lower circulatory intensity during submaximum

exercise. Hence, all the discussions in this study are based on results
-9.



that have been obtained from CAD subjects during submaximum

exercise performance.

Statement, of the Problem

Exercise is used widely in the rehabilitation of patients with CAD,
and often results in major improvements in work capacity (Clausen,
1976). The purpose of this study was to determine the effects of a 9-month
walk-jog exercise program performed three days a week for 35 minutes
per day on changes in submaximum physical working capacity in adult
male cardiac patients between the ages of 45 and 60 years. The training
program was designed to have an intensity corresponding to 60-75% of
each subject’s symptom-limited maximum heart rate during the first
six weeks, and 85% of their symptom-limited maximum heart rate for

the remainder of the 9-month exercise program.

Research Hypothesis

A walk-jog exercise program performed three days a week for
nine months with progressive increases in intensity (60-75% to 85% of
symptom-limited maximum heart rate) and duration of 35 minutes will
produce significant physiological improvements in the following
indices:

1. Resting heart rate

2. Resting blood pressure

3. Submaximum heart rate

4. Submaximum blood pressure

5

. Submaximum rate-pressure product



6. Body weight

A second research hypothesis is that there will be no differences
between hypertensives and non-hypertensives when pre-test and post-
test scores are compared on all six dependent variables.

Limitati
The factors in this study which could not be controlled included:
1. The lack of strict adherence to the prescribed training
intensities.
2. The pharmaceutical drugs taken by the patients on a daily
basis.
3. Patient diet.
4. The retrospectiveness of the study — all tests were performed by

other people and were beyond the control of this author.

Delimitations

This study was limited to 100 adult white male CAD patients, half
of whom were also hypertensives, between the ages of 45 and 60 years.
All subjects were three to six months post-MI. Fifty of these subjects
belonged to the experimental group (25 hypertensives and 25
normotensives) and 50 belonged to the control group (25 hypertensives
and 25 normotensives). The experimental subgroups included only
members of the San Jose Central YMCA Cardiac Therapy
Rehabilitation Program between the years 1978 and 1985. The control
subgroups were patients in a private medical firm in San Jose. Their

medical files pertaining to pre-test and post-test data and diagnosis of



their diseases (CAD and hypertension) came from the years between

1978 and 1985.

Definition of Terms

For this study, the following terms are defined.

Arterigsclerosis is a group of diseases characterized by thickening
and loss of elasticity of artery walls. This may be due to an accumulation
of fibrous tissue, fatty substances, and/or minerals (Wittie, 1980).

Angina Pectoris is chest pain caused by the ischemia of the
myocardium (Tortora & Anagnostakos, 1981).

Arterio-venous oxygen difference is the difference between the
oxygen content of arterial and mixed venous blood. It represents the
amount of oxygen that is extracted or consumed by the tissues from each
milliliter of blood perfused (Froelicher, 1983).

Coronary Artery Disease (CAD) is a disease of the blood vessels
feeding the heart muscle. It is synonymous with the terms coronary
heart disease and ischemic heart disease (Froelicher, 1983).

Endothelial (endothelium) is the thin layer of cells lining the
heart, the blood vessels, lymph vessels, and forms the walls of
microscopic blood vessels called the capillaries (Tortora &
Anagnostakos, 1981).

Hypertension is a persistent elevation of blood pressure above the
normal range (Tortora & Anagnostakos, 1981). Diastolic pressures of
greater than 90 mmHg, and systolic pressures greater than 160 mmHg
constitute a hypertensive state (report of the Third Joint National
Committee, 1984).



Ischemia (Ischemic) is a local, usually temporary, deficiency of
oxygen in some part of the body, often caused by a constriction in the
blood vessels supplying that part (Wittie, 1980).

Myocardium is the muscular wall of the heart. The thickest of the
three layers of the heart wall, it lies between the inner layer
(endocardium) and the outer layer (epicardium) of cells (Wittie, 1980).

Myocardial Infarction is the death of an area of heart muscle
tissue because of an interrupted blood supply (Tortora & Anagnostakos,
1981).

Rate-Pressure Product is systolic blood pressure reading times
heart rate reading (Tortora & Anagnostakos, 1981).

Stroke Volume is the amount of blood pumped by the left ventricle
per contraction or beat (McArdale, 1986).

Submaximum Exercise is an exercise that can be performed in an
aerobic steady state, where physiological functions such as oxygen
consumption or heart rate remain at constant values (Fox & Mathews,

1981).



Chapter 11
Review of Literature

This chapter contains reviews of four separate but interrelated
topics:

1. The nature and relationship between coronary artery disease
and hypertension.

2. The physiological parameters responsible for adaptive
changes.

3. The exercise systems needed to develop changes.

4. Review of literature pertaining to training programs similar to

that used in this study.

re of Coronary Ar Di nd H.

Coronary artery disease involves degenerative changes in the
intima (inner lining) of the larger arteries that supply the heart muscle
(McArdale, 1986). These vessels become congested with either lipid-filled
plaques or fibrous scar tissue or both. This change progressively reduces
the capacity for blood flow and causes the myocardium to become
ischemic. The progressive occlusion of an artery with a buildup of
calcified fatty substances is the process of atherosclerosis. Different
categories of atherosclerosis are determined by the number of the
occlusions (e.g., one, two, or three vessel blockage), and the site of its
manifestation within. the coronary network feeding the heart muscle

(e.g., transmural, subendocardial) (McArdale, 1986).



In this degenerative process, the roughened, hardened lining of
the coronary artery causes the slowly flowing blood to clot. This blood clqt
(thrombus) may plug one of the smaller coronary vessels. In such cases,
a portion of the heart muscle dies and the person is said to have suffered
a heart attack or myocardial infarction (MI). If the blockage is not too
severe, but blood flow is reduced below the heart's requirement, the
person may experience temporary chest pains termed angina pectoris.
These pains are felt usually during exertion, since this causes the
greatest demand for myocardial blood flow. Such anginal attacks
provide painful evidence of the importance of adequate oxygen supply to
this vital organ (McArdale, 1986).

Almost all people show evidence of CAD, and it may be severe in
seemingly healthy young adults. Actually', the disease probably starts
early in life, since fatty streaks are common in the coronary artery of
children by the age of five (McArdale, 1986). There seems to be little
harm however, unless a marked narrowing of the arteries is present
(McArdale). .

The mechanism by which fatty-type deposits or plaques develop is
not entirely clear (McArdale, 1986). One thing is clearly demonstrated
in epidemiological studies; environmental factors such as diet, cigarette
smoking, and hypertension are significant contributors to the

development of CAD (Froelicher, 1983).



Hypertension

Hypertension is the medical term for blood pressure chronically
elevated above normal healthy values. The 1984 report of the Third Joint
National Committee on The Detection, Evaluation, and Treatment of
Hypertension (Report of the Third Joint National Committee, 1984)
provides the following definitions for diastolic and systolic blood
pressures (DBP and SBP, respectively):

DBP:

less than 85 mmHg = normal

85-89 mmHg = high normal

90-104 mmHg = mild hypertension

105-114 mmHg= moderate hypertension

115 mmHg or greater = severe hypertension
SBP:

less than 140 mmHg = normal

140-159 mmHg = borderline hypertension

160 mmHg or greater = severe hypertension

It is uncommon for the diastolic pressure to be elevated as an
isolated abnormality unaccompanied by systolic hypertension. Isolated
systolic hypertension, however, may occur with normal diastolic blood
pressure (report of the Third Joint National Committee, 1984).

There are two kinds of hypertension. Primary, or essential,
hypertension is a persistent elevated blood pressure that can not be
attributed to any particular organic cause (Kannel, 1990).
Approximately 85% of all hypertension cases fit this definition. The

-9-



other 15% of cases are secondary hypertension which are caused by
medical problems such as arteriosclerosis, kidney abnormalities, and

hormonal disturbances (Kannel, 1990).

lationshi n CAD i

There is ample evidence that hypertension accelerates the
development of atherosclerosis (Kannel, 1990). Atherosclerotic
cardiovascular consequences including stroke, coronary artery disease,
and peripheral arterial disease; all occur with a two to three fold
increased frequency in hypertensives as compared to normotensives of
the same age (Kannel). There is evidence that blood pressure is critical
to the atherosclerotic process, because lesions seldom occur in low-
pressure parts of the circulation such as the pulmonary arteries or
veins, despite their exposure to atherogenic blood lipids (Kannel).
Animal studies demonstrate that lipid-induced atherogenesis can be
accelerated or retarded by manipulating the blood pressure (Kannel).

Although hypertension may accelerate the development of
atherosclerosis, it is not expected to be a strong initiating factor. Both
epidemiological (Jablon, 1966) and experimental studies (Pick, Johnson,
& Glick, 1974) suggest that hypertension accelerates atherogenesis only
if hyperlipidemia is present. Hypertension promotes the process by
means of increased endothelial permeability and accelerated low density
lipoprotein (C-LDL) entry into the artery wall, both by chronic and
repeated stretch (tension) on the artery wall (Kannel).



The primary cause of symptoms and pathophysiological changes
in CAD is relatied to the impaired coronary circulation (Sonnenblick,
Ross, & Braunwald, 1968). Therefore, the main focus of this section will
be on factors and parameters that determine the myocardial oxygen
consumption. Research has shown that heart rate, intra-myocardial
tension (i.e., cardiac wall tension), and the contractile state of the heart
are major factors determining myocardial oxygen consumption
(Sonnenblick, et al.). In healthy hearts, oxygen supply, as determined by
the amount and distribution of coronary blood flow and by the arterial-
venous oxygen difference across the coronary bed, is greater than the
oxygen demand of the heart. In ischemic hearts, this relationship is
reversed; for a certain workload, the oxygen supply cannot keep up with
the oxygen demand, and pain (the main factor for the cessation of
exercise performance), electrocardiographic, metabolic abnormalities,
and ventricular dysfunction occur. Remediation is based on restoration
of a favorable balance between myocardial oxygen demand and supply, a
balance that can be achieved by increasing supply or decreasing
demand, or both (Patterson, Shephard, & Cunningham, 1979).

Because of the essentially aerobic metabolism of the myocardium,
changes in myocardial oxygen consumption (MVO2) correlate highly
with work of the heart. Measuring changes in MVO2 allows the study of
various medical, surgical, and physical (rehabilitation training
program) interventions on the ability of the heart to perform work (May

& Naple, 1984). Direct measurement of MVO2 involves invasive

-11-



technique and is not feasible for routine clinical evaluation. Indirect
techniques that are non-invasive have been used as early as 1912 (May &
Naple).

A close correlation between the product of systolic pressure and
heart rate, using isolated cat and rabbit heart muscle, has been
established (May & Naple, 1984). In one study, using healthy human
subjects, Sarnoff (1958) examined the relationship between several
readily measured hemodynamic variables and MV02. He found a
correlation of .88 between heart rate and MV02. A correlation of .90
between the product of heart rate and arterial blood pressure
measurement, or rate-pressure product (RPP), and MV02 was also
established. In another study, aortic blood pressure was found to exert
the dominant influence in myocardial oxygen use, using an isolated,
supported dog-heart preparation (Sarnoff). Many investigators have
studied the correlation of myocardial oxygen consumption with various
cardiac indices in subjects with CAD (Kitamura, Jorgensen, & Gobel,
1972; May & Naple, 1984; Sarnoff, 1958; Sonnenblick et al., 1968). These
cite RPP as having the highest correlation (.90, .92, .96) to myocardial
oxygen consumption (Kitamura, et al., 1972; May & Naple, 1984; Sarnoff,
1958; Sonnenblick, et al., 1968).

Investigators have used RPP and other indices to estimate
changes in myocardial oxygen consumption in physical training of
individuals with CAD (Frick & Katila, 1968; Gobel, 1978; May & Naple,
1984). In a study involving 55 post MI subjects (29 experimental, 26

control), researchers found a significant decrease in RPP at each of

-12-



three submaximum work loads in the experimental group (Debacker,
1974). In a study of 11 subjects with angina, researchers found a
decrease in time-tension index (ejection period) at submaximum work
loads, mainly because of a fall in heart rate (Clausen & Trap-Jensen,
1970). Effort angina pectoris (anginal threshold) was reproducible at
fixed levels of the RPP in this study, elucidating the validity and
reliability of this index in quantitatively determining the extent of
adaptive changes in cardiac exercise physiology. In another study, RPP
was found to significantly decrease in 25 cardiac patients after training
at submaximum levels (Clausen & Trap-Jensen, 1976).

A consistent and significant decrease in RPP after training at
submaximum work loads constitutes the physiological basis for the
symptomatic improvement seen in cardiovascular diseased patients at
daily-living activity levels (Froelicher, 1984). The imbalance between
oxygen demand and blood supply to the heart is lessened by lowering the
demand of the same absolute work load after training compared with
before training (Froelicher). Physical training can alter the
cardiovascular response to exercise so that a decrease in heart rate and
pressure load is imposed on the myocardium when performing the
same work load as before training. The physiological mechanism that
causes the training bradycardia and decreased blood pressure has been
associated with a general reduction in sympathetic drive at a given
submaximum work load because of increased oxygen (02) extraction
capacity in the trained skeletal muscle (Clausen & Trap-Jensen, 1970).

The main reason trained muscles extract more O2 from blood is
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mitochondrial and enzymatic adaptations (Hollowzy, 1976). Additional
factors that may be changed include myoglobin content (Pattengale &
Hollowzy, 1967) and the displacement of the oxygen-hemoglobin
dissociation curve to the right (Rassmusen, 1975). The exact mechanism
relating local adaptation in skeletal muscle to the decreased heart rate is
unclear, but the decreased blood pressure that accompanies the
bradycardia points to a muscle afferent feedback hypothesis (Coote &
Hilton, 1971). When muscle contraction occurs, afferent signals are sent
by reflex action from receptors in the exercising muscles to the
sympathetic centers in the brain (Coote & Hilton). Training is believed to
somehow alter the metabolic processes and needs of the exercised
muscle so that the afferent signals from muscles reaching the
sympathetic centers in the brain are similar to resting conditions (Coote
& Hilton). In a study of enzymatic physiology in man, endurance
training caused a marked augmentation in the number and size of
muscle cell mitochondria with a concomitant increase in the
concentration and the activity of the enzymes involved in aerobic
metabolism (Hollowzy, 1975). It follows that, after training, because of
the increased capacity for oxidative phosphorylation, adenosine tri-
phosphate and creatine phosphate in exercising muscles stabilize at a
higher steady state level. At the same time glycolysis occurs at a slower
rate, blood acidity is relatively decreased, and the concentration of
multiple intermediate metabolic products may be lower (Holiowzy, 1971).

In other words, the metabolic state of the exercising muscle, when
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compared with the conditions at rest, is less disturbed in the trained
exercising muscle than in the untrained exercising muscle.

Thus, a decrease in RPP at a given submaximum work load after
training suggests that the imbalance between oxygen demand and
oxygen supply in ischemic hearts is lessened by decreasing the
myocardial oxygen demand of a given work load (Gobel, 1978). An
increase in maximal RPP, however, suggests that not only does training
diminish the imbalance between oxygen demand and supply of the heart
by decreasing demand but also it has a direct effect on the myocardium
and increases oxygen supply to the heart (Gobel). If maximum heart
rate and blood pressure are increased, the heart is capable of developing
a greater intraventricular pressure and performing at a greater rate;
both these factors determine MVOZ2. The increase in oxygen supply to
the myocardium after training could be due to either an increase in
blood supply through collaterals or to an increased myocardial
enzymatic capacity so that oxygen uptake is greater, or both (Lassen &
Larsen, 1970). One study has shown that blood flow is redistributed
within the myocardium after training so that the ischemic tissue
receives a greater supply of blood (Lassen & Larsen). The healthy tissue
requires less perfusion because of its increased ability to extract oxygen
from blood. In an animal study using rats, the heart hypertrophied after
training (Lassen & Larsen). Muscle tissue and total enzymatic activity
also increased (Lassen & Larsen). In a study of young athletes, the above
findings were supported (Ehsani, 1978). Using echocardiographic

estimates of left ventricular indices, Ehsani found increased left
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ventricular end-diastolic dimensions, and increased left ventricular
posterior wall thickness after training. These findings suggest an
increase in total myocardial enzymatic activity (Ehsani).

In light of the above discussions, conclusions can be made that,
after training, the imbalance between oxygen demand and oxygen
supply in the ischemic hearts is lessened by both a decrease in oxygen
demand, suggested by the decrease in submaximum RPP, and an

increase in oxygen supply, suggested by the increase in maximal RPP.

xerci m Develop A i han

For adaptive changes to occur within the physiological system of
individuals going through an exercise training program, the various
components of exercise need to be facilitating. Research has shown that
the intensity of exercise needs to be of sufficient magnitude to adequately
overload the circulatory system (Froelicher, 1983). Intensities requiring
anywhere from 60 to 80 percent of the maximum heart rate (MHR) are
needed to elicit training responses in both healthy and cardiac patients
(Patterson, et al., 1979; Stuart, et al., 1985; Vanhees, et al., 1982).
Frequency and duration of the exercise program are crucial to the
development of any adaptive changes. A frequency of three to five days
per week, along with a duration of at least three months, are needed to
produce adaptive changes in all population of exercisers (Fox, et al.,
1975). The mode, or type, of exercise is also critical (Pollock, et al., 1975)
especially to CAD and CAD-hypertensive subjects (Froelicher). Dynamic

work, like bicycling, running, and jogging, requires the movement of
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large muscle masses and requires a high blood flow and increased
cardiac output. Since this movement is rhythmic there is little
resistance to flow and, in fact, there is the "milking" action by the lower-
extremity muscles that returns blood to the heart. Dynamic work
resulting in limb movement can be accurately calibrated and the
physiological response easily measured. Therefore, it is preferred for
clinical training and testing. Using progressive work loads of dynamic
exercise, patients with CAD and/or hypertension can be protected from
rapidly increasing myocardial oxygen demand (Froelicher, 1983).
Another type of muscular movement is static (isometric)
muscular work. Isometric exercise, defined as constant muscular
contraction without movement (i.e., hand grip, or pushing against an
immovable object), imposes a disproportionate pressure load on the left
ventricle relative to the body's ability to supply oxygen (Froelicher, 1983).
In isometric exercise, the sudden and disproportionate increase in blood
pressure imposes a great demand on heart's muscle tissues for oxygen.
In ischemic hearts, where oxygen supply is of paramount importance,
this extra load is not needed. Unlike dynamic work, isometric work can
not be calibrated. Although this kind of exercise is good for peripheral
muscle tone and function, resulting in strength, it does not result in the
beneficial cardiac and hemodynamic effects of dynamic exercise

training (Froelicher).



view of Literature Pertainin MI Trainin i

Vanhees and colleagues (1982) compared two groups of post-MI
patients who exercised at an intensity that was between 60% and 80% of
their maximum capacity. The program required both groups to jog three
days a week and for a total of three months. One group (15 subjects)
received constant beta-blocking medication, and the other (15 subjects)
did not. Both groups showed lower heart rates, systolic blood pressure,
and rate pressure product, both at rest and at submaximum exercise
testing (Vanhees, et al.).

May and Nagel (1984) showed in a study of 121 CAD subjects that
after 10 to 12 months of aerobic exercise training, significant reductions
occurred in resting and in submaximum exercise heart rates, mean
blood pressure, and RPP. The intensity and frequency of the program
was similar to that used in the Vanhees, et al. study (1982).

In a study of 10 men, aged 44 to 62 years, an aerobic exercise
program of jogging performed three days a week for a total of 12 weeks
produced increases in exercise duration time and estimated maximum
oxygen consumption, and decreases in RPP at a given absolute
submaximum work load. Since subjects were under beta-blockage
medicine therapy, the researchers cpncluded that such medicines do not
prevent the normal physiological adaptation to exercise (McGhee,
Siconolfi, & Bouchard, 1984). The intensity of this program required
heart rates of 65 to 80 percent of each individual's maximum exercise
heart rates, as determined during pre-training graded exercise stress

tests.
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Stuart and Associates (1985) studied CAD patients who went
through a bicycle-exercise training program of 12 to 16 weeks. Training
sessions lasted 30-40 minutes, three times a week, with training heart
rates of 75 to 85 percent of pre-training peak heart rates. The mean
values for maximum oxygen consumption and total exercise time
increased significantly after the training program. Researchers
reported that the increase in maximum oxygen consumption was due to
increases in stroke volume and peripheral oxygen extraction.

Froelicher (1984) reported beneficial hemodynamic responses to a
running exercise training program lasting one year. The exercise
sessions lasted forty-five minutes and were performed three times a
week. The initial training intensity was set at a minimum of 60 percent
of the estimated maximum oxygen uptake determined with an initial
treadmill test. The intensity was increased to 85 percent by the eighth
month of training. The 72 middle-aged male CAD patients showed
significant differences in hemodynamic measurements when compared
to the 74 male counterparts forming the non-exercising control group.
Parameters under investigation were aerobic capacity, left ventricular

function, and thallium-ischemic scores.

mmar

Dynamic exercise training programs utilizing large muscle
groups as in running and bicycling have been shown to benefit CAD and
hypertensive subjects by increasing their physical working capacity

(May & Nagle, 1984). Programs lasting for three months or more, at
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intensities between 60 to 85% of maximum heart rates, performed three
days or more per week, have been utilized by researchers (McGhee,
Siconolfi, & Bouchard, 1984).

Peripheral adaptive responses bringing about physiological and
hemodynamic changes have been elucidated. Decreases in resting and
submaximum exercise heart rate and blood pressure have been shown
to result from participation in training programs (Debacker, 1974).
These changes bring about a state of efficiency within the cardiovascular
system by which myocardial oxygen consumption is reduced and thus
reduces the demand on the heart muscle during work. This reduction in
demand is especially appreciated within the CAD population whose
ischemic condition has reduced the heart's ability for doing work. The
reduced myocardial oxygen consumption .secondary to reduced demand
on the heart's muscle tissues delays the onset of angina pains and
allows subjects to exercise for longer periods of time (May & Nagle,
1984).

Neurological changes, as evidenced by lower sympathetic nervous
system participation and increased parasympathetic nervous system
involvement, and biochemical adaptations, as evidenced by increased
enzymatic activity within the muscle cells, are cited as the main reason

for cardiovascular training effects (Froelicher, 1983).



CHAPTER III
Methodology

This chapter contains information about the subjects, the YMCA
exercise protocol, measurement of variables, research design, and

statistical procedures.

Subjects

The medical records (pre-test and post-test scores on all six
dependent variables) of a total of 100 male patients between the ages of 45
and 60 years of age were analyzed. A letter of permission to use medical
files was obtained from the Medical Director of YMCA Cardiac Therapy
Program and was filed with San Jose State University’s Institutional
Review Board. A copy has been provided in Appendix A. Fifty were in the
trained (experimental) group and fifty in the control group. The
experimental group included only members of the Central YMCA Cardiac
Therapy Program in San Jose, California, between the years 1978 and 1985.
They were approved for participation into the YMCA program by their
personal physicians and by the physician directing the YMCA program.
The control group consisted of patients in a private medical practice and did
not participate in any structured exercise programs between the years 1978
and 1985. The control group medical files came from between the years 1978
and 1985. The following criteria were used to select subjects for this study:

1. All subjects were adult white males between the ages of 45 and 60.

2. All subjects were diagnosed as CAD patients.
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3. All subjects had experienced heart attacks (MI) and were at least
three month post-MI before their initial stress test.

4. All experimental group subjects entered the YMCA exercise
program within a month of the initial stress test.

5. All subjects had coronary bypass surgery performed on them
within a month from the time of their MIL.

6. To belong to a hypertensive subgroup, patients had to be clearly
labeled as such in their respective files, and have blood pressure recordings
of greater than 160 mmHg and 90 mmHg for systolic and diastolic readings,
respectively.

7. Records contained all information collected for this study.

8. To belong to the experimental group, patients had to have attended

75% or more of the exercise sessions lasting nine months.

The YMCA Exercise Pr 1

The participants reported to the gymnasium of the YMCA three days
a week for a total of 60 minutes per day for nine consecutive months. The
program consisted of three separate but interrelated segments. Warm-ups,
consisting of calisthenics and stretching, comprised the initial ten minutes
of each session. The conditioning phase, consisting of jogging, lasted for 35
minutes. During this phase, individually prescribed intensities were
monitored by each subject, who had been taught to monitor their heart rates
by palpating the carotid artery. This intensity corresponded to 60 to 75
percent of each subject'é symptom-limited maximum heart rate (MHR)
during the first six weeks of the training program and to 85 percent of their
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symptom-limited MHR for the remainder of the nine months. The cool-
down period was the last segment and included stretching routines lasting
15 minutes. A detailed description of the entire YMCA protocol, which is a
standard protocol at all the YMCA Cardiac Rehabilitation Programs, is
available in Gary and Berra (1981). A copy of the YMCA data form is
provided in Appendix B. '

Dependent Variables

Medical files belonging to both experimental (YMCA Cardiac
Therapy Program), and control (private medical practice) groups were
examined in this study. Raw data pertaining to subjects' body weights,
resting and submaximum exercise heart rates, resting and submaximum
exercise mean blood pressure, and submaximum exercise rate pressure
product were extracted from the files. The pre and post-testing
submaximum figures for the above variables were collected at the end of the
third stage of a modified Bruce exercise testing protocol (Bruce, 1971). Both
groups were tested using the same YMCA testing protocol. All subjects

were tested twice, with a nine month separation time between tests.

Research Design
This study was a pre-test, post-test control group design. The 50 CAD

subjects comprising each group were divided equally into two subgroups:
hypertensives and non-hypertensives. The following subgroups were
delineated for study:

EXHT Exercise group with hypertension

EXNT Exercise group who are normotensive



CHT Control group with hypertension
CNT Control group who are normotensive

Each group contained 25 subjects.

Data Analysis

Changes in weight, resting and submaximum heart rates, resting
and submaximum mean blood pressures, and submaximum rate-pressure
product from initial tests to final tests for all subjects were calculated.
Descriptive statistics (mean, standard deviation, and range) for all
variables belonging to each subgroup’s pre-testing and post-testing scores
were determined. Two different approaches to inferential statistics were
utilized. First, t-tests for independent groups were applied to compare the
50 subjects of the experimental group (25 hypertensives and 25 non-
hypertensives) with the 50 subjects of the control group (25 hypertensives
and 25 non-hypertensives) on all six dependent variables. Through this
method, the differences between pre-test means and post-test means were
obtained and then compared. This approach enabled the author to test the
first hypothesis. Second, to account for possible contrast between
hypertensive and non-hypertensive subgroups within each main group, two
2-way ANOVAS were calculated. This approach enabled the author to test
the second hypothesis.

The alpha level for the determination of statistical significance was
set at .05 at the outset. However, to account for the multiple cross-group (-
tests) and cross-subgroup comparisons (two 2-way ANOVAS), a new alpha
level was obtained by dividing .05 by the number 18 (six 2-way AN OVAS for



the experimental group, six 2-way ANOVAS for the control, and six {-tests
for the comparisons between experimental and control groups. Thus .003
became the adjusted new alpha level. The book titled Applied Statistics for
Social Sciences (Glass & Stanley, 1970) was consulted for statistical
purposes pertaining to this study.
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CHAPTER IV

Di ign

Intr ion

The following chapter includes descriptive statistics pertaining to all
four subgroups and t-tests for independent groups pertaining to the
comparison of the experimental and control groups (irrespective of the
hypertensive/non-hypertensive subdivisions). It also contains inferential
statistics utilizing two 2-way ANOVAS to determine if interaction exists
between the main effects of hypertension and exercise within the

experimental and control groups and a discussion of the results.

Descriptive Data
Experimental H nsi EXHT
Age and Weight .

The personal data for EXHT is listed in Table 1. Raw scores, means,
standard deviations, and ranges for age and weight are listed. This
subgroup ranged in age from 45 to 60 years of age, with a mean of 54.6. The
weight had group means of 73 kg. for pre-testing and 71.2 kg. for post-
testing. A change of body weight of -2.5% was calculated.

ting Hea e (RHR
Raw scores and descriptive statistics for RHR are listed in Table 2.
This subgroup had means of 70.4 bpm for pre-testing and 67.2 bpm for post-
testing. A change of -4.8% was calculated.
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TABLE 1

Means, Standard Deviations, and Range
Age an ight for -Testin
Weight (kg.)
ubject Age (years Pre-testing Post-testing

1 60 72 88

2 50 82 80

3 55 65 64

4 59 65 64

5 60 77 72

6 49 69 71
7 53 64 63

8 53 72 76

9 60 70 69
10 53 72 68
11 52 70 70
12 58 60 62
13 60 71 70
14 45 60 60
15 57 74 77
16 51 69 59
17 51 81 84
18 50 79 76
19 60 73 70
20 59 72 70
21 47 75 72
22 49 81 15
23 58 74 70
24 57 79 76
25 60 80 74
Mean 54.6 73.0 71.2
SD 4.8 7.4 7.1
Range 60-45 92-60 88-59
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Subject Pre post pre post pre post pre post pre DOost

62 55 146 136 103 101 114 112 236 212

S

2 66 62 140 132 103 102 108 106 207 192
3 70 72 160 162 101 97 130 114 272 268
4 84 80 180 175 103 101 113 110 324 315
5 84 84 128 132 103 106 122 122 240 240
6 60 65 130 122 107 104 120 117 234 213
7 56 54 150 150 89 88 103 106 195 198
8 62 55 146 136 103 101 126 118 292 242
9 75 72 170 160 109 103 112 106 289 256
10 50 42 110 110 99 99 107 107 165 165
11 &4 80 120 110 115 112 143 140 252 224
12 70 64 130 135 107 120 125 101 252 221
13 54 58 130 110 96 79 133 111 234 170
14 63 60 140 132 97 97 120 114 254 227
15 80 72 170 161 97 93 120 112 272 260
16 72 73 112 104 89 87 106 103 188 176
17 68 70 130 120 87 72 95 93 188 150
18 84 82 180 185 89 87 133 130 360 239
19 80 76 180 178 103 98 133 129 360 334
20 64 58 148 140 109 140 140 140 310 288
21 75 72 160 164 101 102 118 114 252 249
22 70 65 160 162 103 95 114 109 268 259
23 72 68 172 164 107 105 126 120 323 295
24 75 70 185 183 105 104 119 120 336 334
25 81 72 179 170 104 101 115 109 332 306

Mean 70.4 672 1502 1451 1012 986 1198 1146 2654 2453
SD 79 10.1 229 23.8 7.0 10.2 11.7 11.1 54.8 55.2
Range 84-50 8442 185-110 183-109 109-87 140-72 143-95 140-95 360-165 334-150
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Submaximum Heart Rate (SHR)

Raw scores and descriptive statistics for SHR are listed in Table 2.
This subgroup had means of 150.2 bpm for pre-testing and 145.1 bpm for
post-testing. A change of -3.6% was calculated.

ing Mean Blood Pr re (RMBP
Raw scores and descriptive statistics for RMBP are listed in Table 2.
This subgroup had means of 101.2 mmHg for pre-testing and 98.3 mmHg
for post-testing. A change of -2.6% was calculated.

Submaximum Mean Blood Pressure (SMBP)

Raw scores and descriptive statistics for SMBP are listed in Table 2.
This subgroup had means of 119.8 mmHg for pre-testing and 114.6 mmHg
for post-testing. A change of -4.6% was calculated.

Submaximum RPP (SRPP)

Raw scores and descriptive statistics for SRPP are listed in Table 2.
This subgroup had means of 265.4 for pre-testing and 245.3 for post-testing.
A change of -8.2% was calculated.

xXperimen n-h nsi E
Age and weight
The personal data for EXNT is listed in Table 3. Raw scores, means,
standard deviations, and range for age and weight are listed. This
subgroup ranged in age from 48 to 60 years, with a mean of 53.5. The group
mean for body weight was 70.7 kg for pre-testing and 68.4 kg for post-
testing. A change of -3.3% was calculated.



TABLE 3

Means, Standard Deviations. and Range
r nd Weight for EXNT, Pre and Post-T

Weight (kg.)
ubject Age (in years) Pre-testing Post-testing

1 59 69 68

2 58 74 78

3 59 80 80

4 60 63 59

5 51 61 64

6 48 72 74

7 60 70 63

8 55 63 63

9 55 72 64
10 52 80 74
11 59 77 72

12 60 80 76
13 60 82 74
14 60 69 62
15 60 72 68
16 54 66 62
17 55 72 69
18 56 60 62
19 49 59 63
20 56 69 68
21 57 71 74
22 52 70 65
23 53 59 58
24 52 79 77
25 60 80 74
Mean 56.7 70.7 kg. 68.4 kg.
SD 3.9 7.2 6.4
Range 60-48 82-59 80-58
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Resting Heart Rate (RHR)

Raw scores and descriptive statistics for RHR are listed in Table 4.
This subgroup had means of 69.3 bpm for pre-testing and 64.7 bpm for post-
testing. A change of -7.2% was calculated.

maximum r H
Raw scores and descriptive statistics for RHR are listed in Table 4.
This subgroup had means of 159.2 bpm for pre-testing and 152.7 bpm for
post-testing. A change of -4.3% was calculated.

ing Mean Bl Pressure (RMBP
Raw scores and descriptive statistics for RMBP are listed in Table 4.
This subgroup had means of 96.7 mmHg for pre-testing and 93.7 mmHg for
post-testing. A change of -3.1% was calculated.

maximum Mean Blood Pr re (SMBP
Raw scores and descriptive statistics for SMBP are listed in Table 4.
This subgroup had means of 114.5 mmHg for pre-training and 111.0
mmHg for post-training. A change of -3.1% was calculated.

maximum RP PP
Raw scores and descriptive statistics for SRPP are listed in Table 4.
This subgroup had means of 276.6 for pre-testing and 258.6 for post-testing.
A change of -7.0% was calculated.
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RHR SHR RMBP SMBP SRPP
Subject  pre post __ pre post pre post pre post pre post
1 69 64 149 141 101 100 121 112 262 242
2 A 70 159 160 100 96 118 113 289 281
3 79 75 179 175 106 97 116 114 318 304
4 70 68 152 144 102 99 116 113 261 241
4 60 57 161 148 96 91 102 100 260 236
5 61 55 148 140 94 88 118 111 236 238
7 62 59 140 132 92 89 110 110 226 211
8 64 63 170 168 87 93 111 111 302 305
9 70 70 170 162 103 103 120 111 302 272
10 69 63 150 146 90 88 106 112 240 245
11 76 70 149 142 98 92 113 110 268 244
11 67 65 149 141 92 93 114 112 268 250
13 72 66 170 162 106 102 124 120 316 291
14 7 66 161 154 99 93 98 91 228 206
15 70 67 181 172 89 83 112 107 325 292
16 69 63 150 15 95 95 115 112 255 237
17 71 60 177 167 92 87 114 108 304 277
18 66 61 143 140 100 89 113 110 252 238
19 78 72 173 165 86 85 107 103 294 273
20 69 64 169 163 104 105 123 119 294 277
21 75 70 175 170 103 101 123 122 325 312
22 80 69 166 100 97 90 115 106 282 256
23 60 59 130 129 96 97 115 115 221 219
24 73 66 170 161 92 91 116 110 294 264
25 61 55 170 161 103 99 122 124 264 254

Mean 69.3 64.7 1592 1527 96.7 93.7 1145 1110 2766 2586
SD 5.8 53 14.1 13.8 59 6.0 6.4 6.8 30.7 29.1
Range  80-60 72-55 181-130 175-129 106-87 103-83 124-98 124-91 325-221 312-206
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ntrol H ngi HT
Age and Weight
The personal data for CHT is listed in Table 5. Raw scores, means,
standard deviation, and range for age and weight are listed. This subgroup
ranged in age from 49 to 60 years, with a mean of 58.7. The weight had
group means of 63.6 kg for pre-testing and 64.1 kg for post-testing. A change
of +.7% was calculated.

Resting Heart Rate (RHR)

Raw scores and descriptive statistics for RHR are listed in Table 6.
This subgroup had means of 64.1 bpm for pre-testing and 64.8 bpm for post-
testing. A change of +1.1% was calculated.

Submaximum Heart Rate (SHR)

Raw scores and descriptive statistics for SHR are listed in Table 6.
This subgroup had means of 140.7 bpm for pre-testing and 141.2 bpm for
post-testing. A change of +.3% was calculated.

in Bl T re (RMB
Raw scores and descriptive statistics for RMBP are listed in Table 6.
This subgroup had means of 102.6 mmHg for pre-testing and 102.4 mmHg
for post-testing. A change of -.2% was calculated.

maxim Blood P P
Raw scores and descriptive statistics for SMBP are listed in Table 6.
This subgroup had means of 113.9 mmHg for pre-testing and 115.1 mmHg
for post-testing. A change of +1.0% was calculated.



TABLE 5

n n Deviation Ran
r Age an ight for Pr - T
Weight (kg.)
ubject Age (in years Pre-testing Post-testing

1 60 55 55
2 60 62 63
3 60 70 70
4 55 65 64
5 60 60 62
6 53 59 56
7 49 64 66
8 55 70 71
9 50 59 56
10 49 65 67
11 59 70 69
12 60 64 60
13 60 69 69
14 53 62 70
15 60 71 72
16 51 60 62
17 54 54 53
18 55 61 70
19 57 59 66
20 60 70 69
21 49 60 63
22 60 60 62
23 60 63 58
24 59 72 68
25 60 66 61
Mean 56.3 63.6 64.1
SD 5.6 5.1 55
Range 60-49 72-54 72-53



TABLE 6

Means, Standard Deviations, and Range for Resting Heart Rate (RHR), Sybmaximym Heart
ing Mean Blood Pressure (RMBP maxim n Bl
P), an maximym Rate Pressure Pr P r = )1
RHR SHR RMBP SMBP SRPP
Subject  pre post pre post pre post pre post pre Dost
1 55 55 118 117 105 101 120 126 214 222
2 70 74 129 134 102 105 118 118 229 241
3 70 69 140 147 109 113 126 124 266 285
4 71 74 160 158 108 109 121 122 275 274
5 75 74 150 152 97 95 108 108 252 249
6 79 78 149 146 107 107 118 121 268 268
7 62 68 132 135 102 102 118 120 227 234
8 70 68 148 148 107 108 122 125 278 278
9 67 64 140 136 93 89 102 100 240 225
10 66 70 122 120 96 93 109 113 195 196
11 70 72 150 154 105 106 112 115 249 255
12 60 57 130 131 100 100 111 114 200 206
13 71 74 148 146 103 103 107 107 239 230
14 54 64 135 150 107 113 119 128 245 294
15 7 71 150 144 99 97 111 110 255 244
16 64 60 149 142 99 97 109 108 250 232
17 54 53 130 132 101 107 108 109 205 205
18 57 60 149 152 98 101 11 110 253 261
19 60 62 160 160 105 106 116 118 275 272
20 60 60 155 152 101 103 107 112 232 237
21 55 60 140 144 95 99 110 115 238 250
22 50 54 120 124 107 109 116 117 204 213
23 60 64 132 140 99 95 107 100 213 221
24 73 66 150 140 110 102 126 122 282 260
25 59 50 132 126 109 101 116 116 234 214

Mean 64.1 648 1407 141.2 1026 1024 1139 1151  240.7 2420
SD 7.7 79 12.1 11.6 4.7 6.0 6.3 1.5 25.6 26.0
Range  79-50 78-50 160-118 160-117 110-93 113-89 126-102 128-100 282-195 294-205
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maxim PP PP
Raw scores and descriptive statistics for SRPP are listed in Table 6.
This subgroup had means of 240.7 for pre-testing and 242.0 for post-testing.
A change of +.8% was calculated.

ntrol Non- i
Age and Weight
The personal data for CNT is listed in Table 7. Raw scores, means,
standard deviation, and range for age and weight are listed. This subgroup
ranged in age from 45 to 60 years, with a mean of 55.3. The weight had
group means of 67.0 kg for pre-testing and 66.6 kg for post-testing. A change
of —.7% was calculated.

Resting Heart Rate (RHR)

Raw scores and descriptive statistics for RHR are listed in Table 8.
This subgroup had means of 70.7 bpm for pre-testing and 69.5 bpm for post-
testing. A change of —1.4% was calculated.

Submaximum Heart Rate (SHR)

Raw scores and descriptive statistics for SMBP are listed in Table 8.
This subgroup had means of 139.0 bpm for pre-testing and 139.2 bpm for
post-testing. A change of —.6% was calculéted.

i n re (RM
Raw scores and descriptive statistics for RMBP are listed in Table 8.
This subgroup had means of 98.0 mmHg for pre-training and 99.2 mmHg
for post-training. A change of +.9% was calculated.
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TABLE 7

Mean ndar viation Ran
for Age and Weight for CNT, Pre and Post-Test Scores
Weight (kg.)
Subject Age (in years Pre-testing Post-testing
1 60 55 55
2 60 62 63
3 60 70 70
4 55 65 64
5 60 60 62
6 53 59 56
7 49 64 66
8 55 70 71
9 50 59 56
10 49 65 67
11 59 70 69
12 60 64 60
13 60 - 69 69
14 53 62 70
15 60 71 72
16 51 60 62
17 54 54 53
18 55 61 70
19 57 59 66
20 60 70 69
21 49 60 63
22 60 60 62
23 60 63 58
24 59 72 68
24 60 66 61
Mean 56.4 67.0 66.6
SD 4.5 8.0 9.3
Range 60-45 83.5 89.5
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Subject pre post pre post pre post pre post pre post
1 55 55 118 117 105 101 120 126 214 222
2 70 74 129 134 102 105 118 118 229 241
3 70 69 140 147 109 113 126 124 266 285
4 7 74 160 158 108 109 121 122 275 274
5 75 74 150 152 97 95 108 108 252 249
6 79 78 149 146 107 107 118 121 268 268
7 62 68 132 135 102 102 118 120 221 234
8 70 68 148 148 107 108 122 125 278 278
9 67 64 140 136 93 89 102 100 240 225
10 66 70 122 120 96 93 109 113 195 196
1 70 72 150 154 105 106 112 115 249 255
12 60 57 130 131 100 100 111 114 200 206
13 71 74 148 146 103 103 107 107 239 230
14 54 64 135 150 107 113 119 128 245 294
14 71 71 150 144 99 97 111 110 255 244
16 64 60 149 142 99 97 109 108 250 232
16 54 53 130 132 101 107 108 109 205 205
18 57 60 149 152 98 101 111 ii0 253 261
19 60 62 160 160 105 106 116 118 275 272
20 60 60 155 152 101 103 107 112 232 237
21 55 60 140 144 95 99 110 115 238 250
22 50 54 120 124 107 109 116 117 204 213
23 60 64 132 140 99 95 107 100 213 221
24 73 66 150 140 110 102 126 122 282 260
25 59 50 132 126 109 101 116 116 234 214

Mean 70.5 69.5 139.0 1392 98.0 992 1085 109.3 2220 2240
SD 8.9 8.7 19.2 18.8 7.7 79 6.5 1.7 37.2 42.2
Range 87-52 88-54 172-100 178-100 108-80 111-81 12196 124-96 323-166 358-158
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maximum n MBP
Raw scores and descriptive statistics for SMBP are listed in Table 8.
This subgroup had means of 108.5 mmHg for pre-testing and 109.3 mmHg
for post-testing. A change of +.7% was calculated.

Submaximum RPP (SRPP)

Raw scores and descriptive statistics for SRPP are listed in Table 8.
This subgroup had means of 222.0 mmHg for pre-testing and 224.1 mmHg
for post-testing. A change of +.9% was calculated.

T arison
For descriptive and comparative purposes, Table 9 provides pre-test
and post-test means for all dependent variables belonging to all subgroups.
Table 10 provides percent changes from pre-test to post-test for all
dependent variables belonging to all subgroups.

Inferential Statistics (t-tests)

The t-tests for independent groups were used to compare the
experimental and control groups. Differences between pre-test means and
post-test means were obtained for both experimental and control groups on
all six dependent variables and then compared to one another. The
following results for the respective dependent variables were obtained.

Weight. The t-test showed the difference between the experimental
and control groups to be significant (f (98) = 2.8, p = .002).

Resting Heart Rate. The t-test showed the difference between the
experimental and control groups to be significant ({ (98) = 5.2, p = .000).
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Table 10
T nges for Means of iables for All Four

WT2 RHRD SHRC RMBPd | SMBPe RPPf

TertEme rho QUG oNR

EXHTE -2.5 -4.8 -3.6 -2.6 -4.6 -8.2
+.7 +1.1 +.3 -2 +1.0 +.8
-3.3 -7.1 -4.3 -3.1 -3.1 -7.0
-7 -1.4 -.1 +.9 +.7 +.9
Body weight in kilograms
Resting heart rate (bpm)

Submaximum exercise heart rate (bpm)

Resting mean blood pressure (mmHg)

Submaximum exercise mean blood pressure (mmHg)
Submaximum exercise rate-pressure product
Exercise subgroup with hypertension

Non-exercise subgroup with hypertension

Exercise subgroup normotensive

Non-exercise subgroup normotensive

-41 -




Submaximum Heart Rate. The t-test showed the difference between
the experimental and control groups to be significant (f (98) = 5.9, p = .000).

Resting Mean Blood Pressure. The t-test showed the difference
between the experimental and control groups to be significant
(t (98) = 3.8, p =.000).

Submaximum Mean Blood Pressure. The t-test showed the difference
between the experimental and control groups to be significant
(£ (98) = 5.9, p =.000).

Submaximum Rate-Pressure Product. The t-test showed the

difference between the experimental and control groups to be significant

(£(98) = 7.6 p = .000).

Inferential isti VA

With the use of two 2-way ANOVAS, the two main effects of exercise
(pre-post scores) and hypertension within each two main groups of
experimental and control were examined. The 2-way ANOVAS yielded the
following results.

Weight. Table 11 lists the F values for the main effects of
hypertension, pre-post scores, and the interaction between the two, for both
experimental and control groups. Neither group yielded F values that
indicated a statistically significant interaction.

Resting Heart Rates. Table 12 lists the F values for the main effects of

hypertension, pre-post scores, and the interaction between the two, for both
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TABLE 11

Two 2-way ANOVAS for the Body Weight

r the D ination of an In ion Between the Tw
in Eff f H nsion and Exerci -P.
ithin Both Experimental an ntrol
Experimental
Main Effect SS DF MS E p
Hypertension 158.8 1 158.8 1.7 197
Pre-Post Scores 104.0 1 104.0 16.1 <.001
Interaction 1.4 1 1.4 2 .639
Control
Main Effect SS DF MS E p
Hypertension 196.0 i 196.0 2.1 152
Pre-Post Scores .6 1 .6 1 718
Interaction 10.2 1 10.2 2.1 152
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TABLE 12

'wo 2-way ANOVAS for Resting H R

rmining the In ion Between
Main Eff fH . j Exerci
ithi Xperim n n

Experimental
Main Effect SS DF MS E )
Hypertension 84.6 1 84.6 7 42
Pre-Post Scores 384.2 1 384.2 70.7 <.001
Interaction 12.9 1 12.9 2.4 .013
Control
Main Effect SS DF MS _E_ 1)
Hypertension 756.2 1 756.2 5.8 .020
Pre-Post Scores S 1 .5 .1 797
Interaction 18.5 1 18.5 2.5 .199




experimental and control groups. Neither group yielded E values that
indicated a statistically significant interaction.

Submaximum Heart Rates. Table 13 lists the F values for the main
effects of hypertension, pre-post scores, and the interaction between the two,
for both experimental and control groups. Both groups had F values for
interaction that was not statistically significant.

Resting Mean Blood Pressure. Table 14 lists the F values for the main
effects of hypertension, pre-post scores, and the interaction between the two,
for both experimental and control groups. Both groups had F values for
interaction that was not statistically significant.

Submaximum Mean Blood Pressure. Table 15 lists the F values for
the main effects of hypertension, pre-post scores, and the interaction
between the two, for both experimental and controls. Both groups had F
values for interaction that was not significant.

Submaximum Rate-Pressure Product. Table 16 lists the F values for
the main effects of hypertension, pre-post scores, and the interaction
between the two, for both experimental and control groups. Both groups had

F values for interaction that was not significant.

Discussion
The training program for the present study was similar to many
other programs reported in the literature (Vanhees, et al., 1982; May &
Nagle, 1984; McGhee, et al., 1984). Research has shown that aerobic
training programs utilizing large muscle groups, lasting at least three
months, with a frequency of three days per week, and duration of 30

minutes at intensities of 65-80% of the maximum heart rate, are adequate



TABLE 13

wo 2-way ANOVAS for Submaximum Heart Rate for th
rmination of an In ion B n the Two Main
ff f nsion and Exercise (Pre-P T
in Ti n n
Experimental
Main Effect SS DF MS F o)
Hypertension 1713.9 1 1713.9 2.3 132
Pre-Post Scores 852.6 1 852.6 75.7 <.001
Interaction 11.6 1 11.6 1.0 316
Control
Main Effect SS DF MS E P
Hypertension 70.6 1 70.6 1 .706
Pre-Post Scores 1.0 1 1.0 1 796
Interaction 1.9 1 1.9 1 719
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TABLE 14

wo 2-wav ANOVAS for Mean Bl Pr for th
tmingtion of n ion Between the Two Main
nsion and E ise (Pre-P

Within Both Experi and Conirol G

Experimental
Main Effect SS DF MS E R
Hypertension 501.8 1 501.8 5.1 .029
Pre-Post Scores 201.6 1 201.6 18.4 <.001
Interaction .0 1 .0 .0 1.00
Control
Main Effect SS DF MS E P
Hypertension 361.0 1 361.0 4.3 .044
Pre-Post Scores 4.0 1 4.0 .5 463
Interaction 6.8 1 6.8 .9 341
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TABLE 15

Two 2-way ANOVAS for Submaximum Exercise Mean Bl
I h inati n
in Eff; fH nsion and Exerci -P. T
ithin Both Experimental an ntrol
Experimental
Main Effect SS DF MS E P
Hypertension 488.4 1 488.4 3.6 .087
Pre-Post Scores 470.6 1 470.6 33.8 <.001
Interaction 20.2 1 20.2 1.4 234
Control
Main Effect SS DF MS E B
Hypertension 778.4 1 778.4 8.3 006
Pre-Post Scores 24.0 1 24.0 4.0 .052
Interaction 1.2 1 1.2 2 .657
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Two-wav ANOVAS for

TABLE 16

maximum Exerci

R

in Effi fH nsion xerci -P
Within Both Experimental and Control Groups
Experimental
Main Effect SS DF MS E )
Hypertension 3733.2 1 3733.2 1.0 328
Pre-Post Scores 9082.1 1 9082.1 100.1 <.001
Interaction 28.1 1 28.1 3 581
Control
Main Effect SS DF MS E )
Hypertension 8667.6 1 8667.6 4.0 051
Pre-Post Scores 98.0 1 98.0 1.0 331
Interaction 1 1 1 .0 976
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to elicit beneficial training responses in physiological (e.g., heart rate and
blood pressure) , and hemodynamic parameters (e.g., vascular resistance
to blood flow and arterio-venous oxygen difference) in cardiac patients
(Ogawa, et al., 1981). Anthropometric parameters (body weight) and
cardiac structural changes (e.g., increased capillarization within muscle
tissues) have also been influenced by exercise programs within the cardiac
populations (Ehsani, et al., 1981). The results of this study stem from
measuring indices representing physiological and anthropometric
parameters (weight only). Therefore, hemodynamic and structural

changes, if any, could not be identified in this study.

Body Weight (kg)

Both exercising subgroups (EXHT & EXNT) showed weight loss after
training (—2.5% and —8.3%, respectively). The control subgroups showed
conflicting results. The control hypertensive subgroups showed a small
gain of +.7% and the control non-hypertensive subgroup showed a small
reduction of -.7%. The t-test for independent groups showed the difference
between the experimental and control groups to be statistically significant
(p < .003). Two two-way ANOVAS within each group showed no interaction
between hypertension and exercise (p > .003). Thus, there were no
statistically significant differences between hypertensive and non-
hypertensive subgroups within each main group when their pre-test and
post-test scores were compared. The percentages of weight reduction for
the experimental subgroups was similar to a study done by Stuart, et al.
(1985), in which he reported a decrease of 3.62% after four months of aerobic
training. He found this percent change to be significant (p < .04). McGhee,
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et al. (1984) showed a similar statistically significant weight reduction
(p < .045), while others did not (Ben Ari, 1986; Ogawa, et al., 1981). These
inconsistencies may be due to the lack of control over caloric intake in most

studies (Froelicher, 1983).

Resting Heart Rate

The changes of resting heart rate reported for both experimental
subgroups (—4.8%, hypertensives and —7.2%, non-hypertensives) were
larger than changes for controls (+1.1%, hypertensives and —1.4%, non-
hypertensives). The t-test for independent groups showed the difference
between the experimental and control groups to be statistically significant
(p < .003). Two-way ANOVAS within each group showed no interaction
between hypertension and exercise (p > .003). Thus, there were no
statistically significant differences between hypertensive and non-
hypertensive subgroups within each main group when their pre-test and
post-test scores were compared. Stuart, et al. (1985) reported a 9.7%
reduction of resting heart rates for his CAD subjects after four months of
training (p < .005). Ehsani, et al. (1981) showed resting heart rates to be
decreased (p < .01) after 12 months of aerobic training, but Ogawa and
associates (1981) failed to demonstrate any significant changes at an alpha
level of .05. Despite the inconsistencies reported above, resting bradycardia
remains to be a rather consistent physiological finding (Froelicher, 1983).
Lack of uniformity of training/testing protocols could influence the findings
(Froelicher, 1983).
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Submaximum Heart Rate

The differences in changes for submaximum exercise heart rates
reported between the experimental subgroups (-3.6%, hypertensives and
—4.3%, non-hypertensives) and the control subgroups (+.3%, hypertensives
and —.1%, non-hypertensives) were considerable, with the same pattern as
in resting heart rate. The t-test for independent groups showed the
difference between the experimental and control groups to be statistically
significant (p < .003). Two-way ANOVAS within each group showed no
interaction between hypertension and exercise (p > .003). Thus, there were
no statistically significant differences between hypertensive and non-
hypertensive subgroups within each main group when their pre-test and
post-test scores were compared. The results of this study are consistent
with findings by Ogawa, et al. (1981), Froelicher (1984), McGhee, et al.
(1984), and Pratt and associates (Pratt, et al., 1981). Submaximum exercise
bradycardia is a consistent finding within the literature. According to
Froelicher (1983), if a tréining program does not produce a decrease in
submaximum exercise heart rate, then it is lacking in the proper intensity
and duration, or the subject's extensive CAD is an impediment to
adaptation. A decrease in submaximum exercise heart rate is of great
consequence to CAD patients. Submaximum exercise heart rate is highly
correlated with MV02 (May & Nagle, 1984). A reduction in submaximum
exercise heart rate brings about a reduction in MV02 and thus decreases
the stress (demand) on the heart and thus delays angina symptoms. This
delay in angina allows the subjects to exercise for a longer period of time

(Ehsani, 1987).
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ing M Blood Pr T
The resting mean blood pressure was reduced in both of the

experimental subgroups (-2.6%, hypertensives and -3.1%, non-
hypertensives). The control groups showed almost no changes (a gain in
the non-hypertensives [+.9%] and a reduction in the hypertensives [—.2%])).
The t-test for independent groups showed the difference between the
experimental and control groups to be statistically significant (p < .003).
Two-way ANOVAS within each group showed no interaction between
hypertension and exercise (p > .003). Thus, there were no statistically
significant differences between hypertensive and non-hypertensive
subgroups within each main group when their pre-test and post-test scores
were compared. It is difficult to quantitatively compare the results of the
present study with others in this regard. Other researchers examined both
components of blood pressure (i.e., the systolic and diastolic), rather than
the mean figure to reflect blood pressure readings used in the current
study. Ogawa, et al. (1981) reported a decrease in resting systolic pressure,
but it was not significant. Diastolic pressure was not reported. Stuart and
associates (1985) reported a significant decrease for systolic pressure (p <
102) with no such result for the diastolic pressure. Boyer and Kasch (1970)
reported significant decreases for both systolic and diastolic pressures. The
apparent inconsistencies could be explained if we realized that the diastolic
readings are more reflective of the total peripheral blood pressure picture
(Froelicher, 1983). Therefore, it is less vulnerable to an external stimuli

such as exercise training.
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Submaximum Exercise Mean Blood Pressure

Both experimental subgroups showed reductions in their
submaximum mean blood pressures (—4.57% for the EXHT, and —3.09% for
the EXNT), while the controls showed increases (1.04% for the CHT, and
.69% for the CNT). The t-test for independent groups showed the difference
between the experimental and control groups to be statistically significant
(p < .003). Two-way ANOVAS within each group showed no interaction
between hypertension and exercise (p > .003). Thus, there were no
statistically significant differences between hypertensive and non-
hypertensive subgroups within each main group when their pre-test and
post-test scores were compared. Again it is hard to quantitatively compare
these findings with others, as was the case with resting blood pressures.
However, a reduction in submaximum exercise blood pressures has not
been consistently reported. Lack of uniformity between research protocols,
the absence of control groups, and the very complexity of the human blood
pressure mechanism, both in terms of basic physiology and
pathophysiology, contribute to difficulties in ascertaining the ability of
aerobic exercise training to reduce blood pressure readings. Ogawa, et al.
(1981) showed the systolic pressure to decrease from a mean of 147.9 (p<.05),
with no report on the diastolic pressure. Ehsani, et al. (1985) showed
statistically significant reductions for both systolic and diastolic pressures
at submaximum exercise (p < .001). His strong showings could be attributed
to the higher than usual intensity levels (i.e., 70-90% of maximum heart
rate) utilized in his training program that lasted a full year. Stuart, et al.
(1985) showed no significant changes for the systolic readings, but did so for

the diastolic readings. It is usual for systolic pressures to show more
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propensity for change than diastolic. However, Stuart and associates
reported a less stringent alpha level to determine significance for the
diastolic (i.e., .03) than used for the systolic (i.e., .001). Since diastolic blood
pressure is reflective of the body’s total vascular resistance to blood flow and
thus more critical to the vascular system than the systolic pressure
(Kannel, 1990), Stuart and associates used a less stringent alpha level, so

that diastolic pressure could show a measure of statistical significance.

maximum Exerci Pr re Pr

Submaximum RPP, the last of the variables under examination in
this study, did decrease in both experimental subgroups, and the decrease
was of considerable magnitude (~8.20% for the EXHT, and —6.96% for the
EXNT) when compared with the controls. The control groups showed the
opposite effect and increased their RPP values by relatively small amounts
(.79% for the CHT, and .91% for the CNT). The t-test for independent groups
showed the difference between the experimental and control groups to be
statistically significant (p < .003). Two-way ANOVAS within each group
showed no interaction between hypertension and exercise (p > .003). Thus,
there were no statistically significant differences between hypertensive and
non-hypertensive subgroups within each main group when their pre-test
and post-test scores were compared. A reduction of RPP after training is
consistent with other research cited (Clausen, 1970; Clausen & Trap-
Jensen, 1974; Debacker, 1974; May & Nagle, 1984; Ogawa, et al., 1981; ).
Effort angina always appears at the same RPP values in CAD patients
(Ehsani, 1987), therefore, lowering RPP can delay the onset of angina pains,

and consequently allow patients to exercise for a longer period of time. This
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is a common objective within the medical community, and lowering RPP
constitutes the quantitative explanation for increased exercise tolerance in
CAD patients who undergo exercise training as part of the total

rehabilitation program (Froelicher, 1983).

Discussion of the Hypotheses

This study had two hypotheses. The first stated that statistically
significant physiological improvements on all six dependent variables
would be obtained after a nine month exercise training program. The
results from the t-tests comparing the differences in means between the
experimental and control groups (regardless of hypertension) revealed
statistically significant differences for all variables. The first hypothesis
was accepted. The second hypothesis stated that there would be no
differences between hypertensives and non-hypertensives when pre-test
and post-test scores are compared on all six dependent variables. The two
2-way ANOVAS accounted for possible contrasts between hypertensive and
non-hypertensive subgroups within the experimental and control groups.
The resultant F values indicated a lack of interaction to exist between the
two main effects of hypertension and exercise on all six dependent variables
within both main groups. Thus, the second hypothesis was also accepted.
Based on the above inferential data, the author contends that the
participation of CAD subjects in structured exercise training programs
similar to the YMCA pfogram brings about beneficial physiological
changes, and that these changes could be realized regardless of

hypertension as a factor.
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CHAPTER V
nclusion mmendation
Summary

The purpose of this retrospective study was to determine the effects of
a 9-month aerobic exercise program performed three days a week for 35
minutes a day at intensities of 60-85% of symptom-limited maximum heart
rates, on changes in weight, resting and submaximum heart rates, resting
and submaximum mean blood pressures, and submaximum RPP. The
subjects forming the experimental group were 50 adult male CAD patients
who were enrolled in the YMCA Cardiac Therapy Rehabilitation Program
between the years of 1975 and 1985. They were divided equally into two
subgroups of hypertensives and non-hypertensives. They were matched by
50 non-exercising CAD patients, forming the control group. This group was
also equally divided into two subgroups of hypertensives and non-
hypertensives.

Descriptive statistics clearly demonstrated decreases for all the
dependent variables within the experimental group when the means for
pre-tests and post-tests were compared. Results of the {-tests for
independent groups yielded statistically significant differences between the
experimental and control groups for all six variables, with the
experimentals showing weight reduction and improvements on
cardiovascular parameters both at rest and at submaximum exercise. The
two 2-way ANOVAS indicated there was no interaction between the main
effects of exercise and hypertension within each main group. Therefore,

given the characteristics of these subjects and the training program,
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hypertension is not an impediment to the attainment of cardiovascular

benefits by CAD patients.

Conclusions

Since all dependent variables were significantly decreased after
training for the experimental subgroups (both EXHT and EXNT), with no
such results for the control subgroups, and since the differences between
the experimental and control groups were statistically significant, it can be
concluded that the changes in all mentioned dependent physiological
variables could be attained after a 9 month jog-walk exercise training
program. The lack of interaction between the two main effects of
hypertension and exercise within each main group indicates that, given the
characteristics of this study’s subjects, study design, and training
program, hypertension seems not to be an influential factor in the results
obtained.

The results need to be viewed with caution, however, since the
subjects were under constant influence of therapeutic drugs. Although
research has clearly demonstrated that these medications do not interfere
with training per se, they do, however, attenuate the response (McGhee, et
al., 1984).

The descriptive results reported for the control subgroups showed
these subjects show little change (relative to the experimental subgroups)
from pre-test to post-test across all dependent variables. The medical
therapy they received within that nine month period (medicine, nutritional
counseling, and behavioral modification) from their personal physicians,

can be assumed to have kept their disease state in check, with no
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progression of the underlying pathological condition. May and Nagle (1984)
used lack of change in sub-maximum RPP as evidence of no progression of
CAD. As to why the control patients were not in any exercise program, the
author speculates that their total health and level of CAD and hypertension
served as a contraindication to participation in a structured exercise
training program. Other factors, such as the cost to participate in YMCA-
like programs, the convenience of not participating, and the lack of family
support to participate in an exercise program, could be speculated to have

some influence as well.

Recommendations

The following recommendations are suggested for researchers
interested in training studies having pathophysiological ramifications.

1. The precise classification of subjects in terms of the magnitude of
their CAD and severity of hypertension should be known. The author did
not know, for example, if these subjects had one vessel, two vessel, or three
vessel blockages in their coronary systems. The author did not know if their
myocardial infarctions (MI) were anterior or posterior in relation to the
anatomical orientation of their hearts. The author did not know the exact
kind or amount of medication they were taking. All these factors,
independently or in conjunction with one another, can produce
unmistakable fundamental differences in one's response to a training
program (Froelicher, 1983).

2. Dietary intakes in terms of the total caloric intake and composition

of food should be controlled and differences accounted for. Diet over a length
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of time could exert influences in one's response to training, especially
within CAD subjects (Froelicher, 1983).

3. An account of the socio-economic status of subjects should be
made. This is in the spirit of human psychology which contends that man
is a multi-dimensional animal, and his reactions and responses both in
terms of intellect and physiology, are governed by the totality of his
environment. For example, white-collar workers may respond differently to
an exercise training program of a considerable duration than might blue-
color workers since they operate from totally different stress levels
(Froelicher, 1983).

Based on the positive results of this study, which was in agreement
with the literature cited, it is recommended that persons with coronary
artery disease engage in a structured long-term exercise program to
develop beneficial training effects within their cardiovascular systems.
Exercise practitioners should be sensitive to the employment of proper
exercise principles that could ensure the utilization of proper exercise
intensity, duration, frequency and mode, if they are to impart beneficial
changes on their subjects. Sedentary adults above the age of 40 should

consult their physicians before participating in exercise programs.
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Non-invasive cardiology Telephone:
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San Jode Siate Undiversdiiy . o
Craduate Studies Divisicn Hexch 15, 1986
Human Subjects Review Commitiae Re: Mammoud Sadii

To wWhem 1% May Concern;

1 am the Medical Ditecior cf ihe YMCA cawdiac tehab nrecgram
ot the central YMCA. 1 fave aad severald discussdens with Mi.
Mahmoud Sadti fegarding Als tesearch thesds. 1 have advdsed in.
Sadrl that T w2l sive nim the data jrom natients seriiclipating
in Zhe YMCA cardiae nchabilitaticn vrogram s well as watients
frem my onivate practice. Tnds dnfcrmation il Se kept {in the
stnictest 0f confddence and 222 patients =il temalin xoaymeus.
1 see no need %o zet a sdgned consent {xom each watient sdnce
Zhe data wil? ba wulled {sem the patienis £ifes and wi2f not
have any beawing on ine satients medical theatment of jutther
avaluations. In fack, it weuld be difjicult 4in scme cases Lo
get signed weleases sincz ine data covered wL te {vem  the
years 1978 thuougn 1985, Many of Zhese patianis 2t2 no Lcnget
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Ronald A. Freeman, 4.D.
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APPENDIX B

YNCArdi  Therapy Exerci— Test Lorkshee* -
Kare Date YCT » TEIP,
Age re Test = Rel. lum,
Physician Supervisor Test Conducted by LP ckd, by
METS | MPH | GRADE | TIME | HR | up op veB ST ABLORIALITY mietna s 219
MINS TYPES FREQ LEADS 14 e
(CIRCLE
SUPINE REST
2 0% 1
2| 2 0% 3
4 2 I« 6
6 3 7.5% 9
& 3 {12.5% | 12
10 3.4114.05 | 15
iz 3.4110.0%2 | 18
14 | 3.422.05| &
16 3.6{22.05 | 24
‘ean Heart Rate =__/min. (__ METS); !%ean Dcuble Product = ( FETS)
JTotal Ex, Min's RECOVERY
C V EXAM
FRE  post
Yurmur
(Type)_____
Click
Symptoms & Signs: Endpoints should be circled VEB TYPES MEDICATIONS
1. Angina 6. Hypotension I Isolated {Enter Frea/Min) Crug Dose lrs. fretst.
2. Dyspnea 7. Cerebral sx b/T Ciceminy/Trireminy
3. Fatique C. Arrythmias P Pairs
4. Claudication 9. ST Dep. 3 mv, M Multiforn:
5. Hypertension 10. Other VT Ventricular Tachycardia
VF  Ventricular Fitrillation
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