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The purpose of this study was to compare the myocardial structure and

function among endurance athletes (n.12), powerlifters/steroid users (n=5),

powerlifters/non-steroid users (n=6), and sedentary controls (n=4).

All subjects had a M-mode echocardiographic examination of their left

ventricles under resting conditions. The echocardiographic measurements

recorded and analyzed were of the left ventricular posterior wall at diastole

and systole, left ventricular internal diameter at diastole and systole, and

inter-ventricular septal thickness at diastole and systole. Myocardial function

measurements consisting of left ventricle ejection time, left ventricular mass,

mean ventricular contractile force, and percent fractional shortening were

also recorded and analyzed. A One Way Analysis of Variance was used to

analyze the data for statistical significance. A Tukey's HSD post-hoc test was

used to determine statistical significance between the groups.

A significant difference (p =0.02) was found for inter-ventricular septal

thickness during diastole. All three athletic groups had significantly thicker



inter-ventricular septa' thickness during diastole as compared to the controls.

Power lifters/steroid users had the thickest inter-ventricular septal thickness

(18.7 mm), followed by endurance athletes (18.6 mm), and powerlifters/non-

steroid users (16.5 mm). Overall, powerlifters/steroid users had the thickest

walls at systole and diastole, while endurance athletes had the greatest

internal diameters relative to the size of the left ventricle.

Statistically significant differences among the groups were found for all

four myocardial functional parameters: left ventricular ejection time (p = 0.03),

left ventricular mass (p = 0.002), mean ventricular contractile force of (p

0.0013), and percent fractional shortening (p = 0.05). Power lifters/steroid

users had the fastest left ventricular ejection times, largest left ventricular

mass, greatest mean ventricular contractile force, and greatest percent

fractional shortening. Endurance athletes had the slowest left ventricular

ejection times, second largest left ventricular mass, lowest mean ventricular

contractile force, and third lowest percent fractional shortening.

The results indicated that not all individuals participating in high level

endurance or powerlifting training and competition demonstrated complete

adaptations in myocardial structure and function. Power lifters/steroid users

however, demonstrated myocardial functional adaptations that were

significantly different from powerlifters/non-steroid users, endurance athletes,

and controls.

The results of this study cannot attribute these changes either to the

use of large amounts of anabolic steroids, or long-term, high-intensity training

and competition in powerlifting. However, the study identified alterations in

myocardial functions in powerlifters/steroid users, and contributes to the

existing body of knowledge regarding the use of anabolic steroids by

athletes.
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MYOCARDIAL STRUCTURE AND FUNCTION DIFFERENCES

BETWEEN STEROID USING AND NON-STEROID USING ELITE

POWERLIFTERS

AND ENDURANCE ATHLETES

CHAPTER ONE

INTRODUCTION

Athletic strength training, conditioning and competition have evolved

across time into a technical science with numerous physiological aspects

being studied and recognized as adaptations to the type of stress placed on

the various systems. Sub-cellular differences (Stone and O'Bryant, 1987);

enzyme differences (Astrand and Rodahl, 1986); physiological function

(Fleck and Kraemer, 1988; Fry, 1986; Menapace, Hammer, Ritzer, Kessler,

Warner, Spann, and Bove, 1982; Ricci, La Joie, Petitclerc, Perronet,

Ferguson, Fournier, and Taylor, 1982; and Jones, McCartney, and

McComas, 1986); and adaptation of various other systems have been

studied and documented.

There is a long history of interest in physiological changes that occur

in individuals who participate in sport. More recently, the nature of heart

structure and heart function in various athletic populations have attracted

considerable scientific interest (Salke, Rowland, and Burke, 1985) which

stimulated the present study. With recent innovations and advancements in

assessment methods , various parameters of heart structure and function

can be easily measured with noninvasive techniques (Perronnet ,
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Ferguson, Perrault, Ricci, and Lajoie, 1981; Rubal, Moody, Damore, Bunker,

and Diaz, 1986; Climstein, 1985; and Jacques, 1984).

In the past clinicians regarded training effects on heart with great

suspicion. Even today there are cardiologists who consciously or

instinctively consider the athlete's heart to represent a form of

cardiomyopathy (Frost, 1987). Friedberg, in 1972, claimed that cardiac

enlargement, commonly found in athletes, may be due to overload on a

heart that was previously damaged by syphilis. However, Reindell (cited in

Frost, 1987) showed that the athlete's heart is a representation of positive

adaptation, structurally and functionally. He has been credited with

introducing the concept of cardiac adaptation to training load and volume, to

modern cardiology.

To date, according to Frost (1987) and Fleck (1988), medical

researchers have not given adequate attention to the impact of physical

stress on the heart, stress induced through high levels of sports specific

athletic participation and the use of drugs to enhance performance. A

degree of uncertainty still exists concerning the heart in this regard.

A study by Urhausen and Kindermann (1989) involved a comparison

of myocardial adaptations between bodybuilders and endurance athletes.

Their research identified statistically significant changes in the heart volume,

left ventricular mass, end diastolic volume, inter-ventricular septa! thickness,

left atrial, and left ventricular posterior wall measurements between the two

groups. The. researchers mentioned that influential factors needed to be

addressed.
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Neeq for the Study

Previous studies have demonstrated the probable effect of anabolic

steroids on hypertrophy of the myocardium in animals; however, studies on

athletes using anabolic steroids have not been conducted and that topic

needs further investigation (Urhausen and Kindermann, 1989).

The present study was designed to investigate the effects of distinct

and specific athletic regimes (power versus endurance, and steroid users

versus non-steroid users) on aspects of heart structure and function. The

application of highly sensitive noninvasive instrumentation may lead to a

better understanding of the effects of sports-specific training on cardiac

morphology and function in top level competitive athletes. The study may

identify additional negative side effects of anabolic steroids, which might

illustrate the deleterious short-term and long-term health effects associated

with such agents.

Although there have been echocardiographic studies, none have

involved a comparison of top level athletes. There is a a lack of data on top

quality power (steroid users and non-steroid users) and endurance athletes,

where cardiovascular structure and function have been compared. Fleck

(1988) stated:

Future studies need to focus on work regimes resembling
actual resistance training programs. The effect of the caliber of
athlete, and type of athlete (endurance or powerlifter) has upon
various heart measures is worthy of future research. ( p. S150 )
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Salke et al. (1985), who studied the effects of anabolic steroids on

myocardial structure and performance, recommended that further study be

conducted on the effect of anabolic steroids on cardiac function.

Statement of the Problem

This study examined the heart structure and function among

endurance athletes, powerlifters/steroid users, powerlifters/non-steroid

users, and control subjects. The intent of the research was to assess the

myocardial structural and functional adaptations that occur due to training

and competition in distinctly different athletic populations. The interest was

to determine if athletes who were involved in endurance sports, powerlifting

with the use of steroid users, or powerlifting without the use of anabolic

steroids, would demonstrate myocardial adaptations associated with the

respective sport, and to what extent.

Purpose of the Study

The purpose of this study was to investigate the following parameters

of cardiac structure and function between endurance athletes,

powerlifters/steroid users, powerlifters/non-steroid users. Parameters

measured includes:

1. Left ventricular posterior wall thickness at systole and diastole.

2. Left ventricular internal diameter at systole and diastole.

3. Inter ventricular septal thickness at systole and diastole.

4. Left ventricular ejection time.

5. Left ventricular mass.
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6. Ventricular contractile force (mVcf).

7. Percent fractional shortening (Fx).

Research Hypotheses

There will be no statistically significant mean differences in the left

ventricular heart structures and heart functions among endurance athletes,

controls, powerlifters/steroid users, and powerlifters/non-steroid users.

Hypotheses

The following hypotheses were evaluated, with significance accepted

statistically at an alpha level of 0.05:

Hypothesis 1. There will be no significant differences among the

mean left ventricular posterior wall thickness in endurance athletes, control

subjects, powerlifters/steroid users, and powerlifters/non-steroid users.

H21: G1 = G2 = G3 = G4

Hypothesis 2. There will be no significant differences among the

mean left ventricular internal diameter at systole and diastole in endurance

athletes, control subjects, powerlifters/steroid users, and powerlifters/non-

steroid users.

HQ2: G1 = G2 = G3 = G4

Hypothesis 3. There will be no significant differences among the

mean inter-ventricular septa! thickness in endurance athletes, control

subjects, powerlifters/steroid users, and powerlifters/non-steroid users.

1123: G1 = G2 = G3 = G4
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Hypothesis 4. There will be no significant differences among the

mean left ventricular ejection time (LV ET) in endurance athletes, control

subjects, powerlifters/steroid users, and powerlifters/non-steroid users.

H24: G1= G2 = G3 = G4

Hypothesis 5. There will be no significant differences among the

mean left ventricular mass (LV mass) in endurance athletes, control

subjects, powerlifters/steroid users, and powerlifters/non-steroid users.

H25: G1 = G2 = G3 = G4

Hypothesis 6. There will be no significant differences among the

mean ventricular contractile force (mVcf) in endurance athletes, control

subjects, powerlifters/steroid users, and powerlifters/non-steroid users.

H26: G1= G2 = G3 = G4

Hypothesis 7. There will be no significant differences among the

mean percent fractional shortening (Fx) in endurance athletes, control

subjects, powerlifters/steroid users, and powerlifters/non-steroid users.

H27: G1 = G2 = G3 = G4

Delimitations

Delimitating factors with respect to the scope of the study were:

1. There were 27 volunteer male subjects.

2. Age ranged from 20 to 38 years.

3. Eleven of the 27 subjects were powerlifters, six of whom were

lifetime drug free.

4. Twelve of the 27 subjects were endurance athletes.

5. Four of the 27 were controls.

6. All equipment was calibrated prior to testing.
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7. A Hewlett Packard model 7702 echocardiograph, in conjunction

with a 2.5 mHz transducer system, was used to Obtain the

echocardiographic data.

8. All echocardiograms were recorded and analyzed by the director

of the Cardio-Pulmonary Unit, Good Samaritan Hospital, Corvallis, Oregon.

Limitations

The limitations were:

1. The sample was not randomly drawn due to limited availability of

qualified athletes in the region.

2. There was a limited number of subjects due to cost and time

restraints.

3. All subjects in the powerlifters/steroid users group did not have

identical past histories and were not on identical anabolic steroid regimes.

4. Variations existed among subjects in their respective groups, i.e.,

powerlifters and endurance athletes did not have identical abilities and

training regimes.

5. No powerlifters would consent to a maximal oxygen consumption

test.

6. Power lifters provided general information on the anabolic drugs

used in training regimes, but not on the specific drug types, quantities, and

combinations they used.
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Operational Definitions

Acoustic impedance. The density of a medium times the velocity that

sound waves travel through the medium (Sarti and Sample, 1980).

Anabolic. Pertaining to tissue building, conducive to the constructive

aspect of metabolism.

Anabolic steroids. Any substance whose chemical core consists of

a three cyclohexanes and one cyclopentane ring.

Anabolism. The process of building tissue.

Androgenic. Relating to secondary sex characteristics.

Anaerobic. Refers to one of two metabolic systems that produce ATP

for muscle contraction without oxygen present.

Cardiomegaly. Hypertrophy of the heart.

Concentric hypertrophy. An increase in the thickness of the left

ventricular wall thickness.

Eccentric hypertrophy. An increase in the internal diameter of the left

ventricle.

Echocardiography. Recording of the position and motion of the heart

walls or internal structures of the heart and neighboring tissue by the echo

obtained from beams of ultrasonic waves directed through the chest wall

(McCullough, 1982).

Endocardium. The endothelial lining membrane of the cavities and

the connective tissue in which it lies (McCullough, 1982).

Electrocardiography. A technique that records the variations in

electrical potential caused by electrical activity of the heart muscle and

detected at the body surface. Used as a method for studying the action of the

heart muscle (McCullough, 1982).
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Epicardium. The visceral pericardium (McCullough, 1982).

Ergogenic aids. Substances and phenomena that are work-

producing aids; these substances are thought to enhance performance

above levels anticipated under normal circumstances (Noble, 1986).

Hypertrophy. Enlargement or growth of an organ or part due to

increase in size of its constituent cells (McCullough, 1982).

Left ventricular ejection time. The time period (seconds) from when

the aortic cusps open, till complete closure.

Left ventricular hypertrophy. Increasing the cross section of the

heart's left ventricle.

Maximal oxygen consumption. Synonymous with VO2 max,

pertains to an individual's maximal oxygen consumption or aerobic power.

Mean ventricular contractile force. The mean rate of dimension

reduction during ejection.

Pathologic. Indicative of morbid condition.

Physiological equivalent. Pertains to the amount of a drug taken in

relationship to the recommended prescribed dosage.

Power lifters. Athletes who compete in an event which consists of the

squat, bench press, and dead lift.

Stacking. Multiple anabolic steroids, orals and/or injectable, used

simultaneously (Pasquale, 1987).

Transducer. A mechanism that converts the energy from electric to

acoustic (Feigenbaum, 1986).

Transmitter. An electric oscillator producing electric pulses

(Feigenbaum, 1986).

Ultrasound. A sound having a frequency greater than 20,000 cycles

per second (Feigenbaum, 1976).



Ventricular mass. The size of the left ventricle walls, which may

increase (hypertrophy) with certain types of training.

Ventricular volume. The size of the left ventricular cavity, which may

increase (hypertrophy) with certain types of training.

max. The volume of oxygen consumed, expressed in absolute as

liters per minute (L min-1), or relative as milliliters of oxygen per kilogram of

body weight per minute (ml kg- 1 min-1).

10
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CHAPTER TWO

REVIEW OF LITERATURE

The effects of cardiovascular adaptation that is specific to two

distinctly types of athletes; elite powerlifters and endurance athletes was of

primary interest to the researcher. Cardiovascular structure and function

adaptations that occur as a result of increased circulatory volumes versus

increased circulatory pressures specific to endurance, or powerlifting,

training were compared in the present study. The two groups of powerlifters,

steroid users and non-steroid users, provided the opportunity to investigate

the effects androgens might have on heart structures and functions.

The review of literature focused primarily on research dealing with

cardiovascular structure and cardiovascular function. Specifically, it was

aimed at studies pertaining to echocardiographic examinations of athletes,

and cardiovascular morphological and functional adaptations specific to the

respective athletes.

Studies involving the effects of anabolic steroids have been

conducted in biochemistry (O'Shea and Winkler, 1970; Bernard, Edgerton,

and Peter, 1970); liver function (Farrell, Vren, Perkins, Joshua, Baird, and

Kronenberg, 1975; Burger, 1952; Fowler, Gardner, and Egstrom, 1965;

Johnson, 1975; and Freed, Banks, and Longson, 1976); and testicular

function (Johnson, Fisher, Sylvester, and Hofheins, 1972; and Holma, 1977).

Research on the effects of anabolic steroids on the heart have primarily

been lipid studies (Alen and Rahkila, 1984; Haffner, Kushwaha, Foster,

Bowden, and Hazzard, 1983; Hurley, Seals, Hagberg, Goldberg, Ostrove,
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and Holloszy, 1984; Kantor, Bianchini, Berner, Sady, and Thompson, 1985;

and Webb, Laskarzewski, and Glueck, 1984).

The purpose of the review was to identify research studies that

utilized endurance and powerlifting athletes as subjects, and the

echocardiographic adaptations pertaining to cardiovascular structure and

function. The review incicated of echocardiography in assessing heart

structure and function in powerlifters (both steroid users and non-steroid

users). No studies involved powerlifters who took anabolic steroids, as

subjects. Therefore, studies involving weightlifters and bodybuilders (non-

steroid using and steroid using) were used. Review of the numerous

echocardiographic studies involving endurance athletes and cardiovascular

structure and function was limited to literature on endurance runners and

cyclists.

Genetics and the Cardiovascular System

The field of genetics , which has led to deductions of the ultimate

genetic materials, deoxyribonucleic acid (DNA) and ribonucleic acid (RNA),

has stimulated interest in how aspects of inheritance pertains to the

cardiovascular system. The development of new research techniques has

allowed the recognition of gross chromosomal aberrations associated with

various diseases and therefore, has provided a major stimulus for genetic

research to expand into other areas (Taylor, 1966). Currently, there is no

research identifying alterations in cardiovascular structure and function

associated with athletes that is strictly due to genetics. Other factors such

as history of athletic participation, intensity of training, frequency of training,

and type of training are the most important factors pertaining to
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cardiovascular morphological adaptation in highly trained athletes. A study

(Ricci et al. 1982) on adolescent males who had not previously participated

in organized exercise was conducted, in order to observe the effects of

different types of training on the heart. The 28 subjects participated in one of

three different types of exercise: endurance running (8 weeks), sprint

training (8 weeks) , or weight lifting (20 weeks). Pre-test to post-test results

indicated that exposure to short-term, high-intensity training resulted in

minor cardiovascular morphological adaptation. Significant increases in

V02 (10.0 percent) and strength (39.0 percent) were observed in the

endurance runners and weight lifters.

Jacques (1984) using a cardiokymographer, attempted to determine

if there was a left ventricular wave form associated with coronary heart

disease, and a possible genetic relationship between the left ventricular

heart wall motions of fathers and sons. The results indicated that there was

no genetic relationship between fathers and their sons, regardless of their

disease status.

History of the Athletic Heart

The studies in the 1880's, using laboratory animals, were the first to

show effects of regular physical activity. Bergmann in 1884 and Parrot in

1893 (Frost, 1987) reported that their laboratory rabbits compared to

domesticated rabbits, had larger hearts, relative to body weight.

Investigation of an athlete's heart was conducted in 1899 by Henschen,

whose conclusion was identical to Bergmann's and Parrot's: the concept of

an athletic heart is valid.
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In 1906, Kulbs developed cardiac hypertrophy and dilatation in

canines by training them regularly on a treadmill (Frost, 1987). In 1947,

Linzbach, based on microscopic observations of laborers hearts, coined the

phrase "physiologic left ventricular hypertrophy" (LVH). Roentgenographic

and electrocardiographic studies that same year supported the notion that

the hearts of well-trained endurance athletes developed a superior

circulatory system with increased cardiac dimensions (Raskoff, Goldman,

and Cohn, 1976).

Since 1957, developments in the area of cardiology and

cardiovascular diagnosis with sophisticated, yet noninvasive equipment has

provided a more precise concept of the athlete's heart. This development is

important in view of the large proportion of the population that participates in

athletic activity, including highly competitive and recreational athletes

(Marion and Epstein, 1986).

Cardiovascular System

Cardiac Muscle

Cardiac muscle is similar to skeletal muscle in that it is striated,

however the fibers, with centrally placed nuclei, are much shorter and show

branching, and anastomosis with adjacent fibers (Noble, 1986). Heart

muscle is subdivided by cell boundaries into various areas, and these

boundaries are associated with the intercalated discs. Due to the structural

interweaving of fibers, the muscle acts as a functional syncytium; however, it

is not a true syncytium due to its shape (Astrand and Rodahl, 1986).
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As a functional syncytium, the heart contracts and relaxes as a total

synchronous unit due to the syncytial properties of the cardiac muscle. Any

stimulation of the atrial muscle fiber causes an action potential to travel over

the entire atrial muscle mass, and by way of the atrio-ventricular pathway to

stimulate the ventricles. This is an example of the "all or nothing" principle

(Guyton, 1981). Heart muscle is essentially capable of one force

production, where as skeletal muscle force production can be increased by

increasing the number of fibers innervated (Schmidt, 1985; and Ottoson,

1983).

Cardiovascular Structure

The heart is located in the mediastinum just behind the sternum,

where the second through sixth ribs attach. Approximately two-thirds of its

mass is left of the mid-line of the body, with the remaining one-third to the

right. Posteriorly, the heart is located at the fifth through eighth thoracic

vertibra. The inferior portion of the heart, the apex, rests on the diaphragm,

pointing to the individuals anatomic left. Individuals with left axis deviation

(mean QRS from -30 to -120) resulting from upward displacement , may

have a more horizontal positioning of the heart. lindividuals with a mean

QRS axis of +120 to +180, due to emphysema or right ventricular

hypertrophy, will have a more vertical positioning of the heart. (Blair,

Painter, Pate, Smith, and Taylor, 1988). (Individuals with an abnormal heart

positioning were excluded from participation in the present study due to the

echocardiograph scanning limitations.)

The heart is composed of three tissue layers: the outer epicardium,

the middle myocardium, and the inner endocardium. It is completely
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surrounded by the pericardium, which consists of a loose fitting, non-

expandable sac. The epicardium is a thin membrane which adheres to the

outer surface of the heart. Between the pericardium and epicardium is

pericardial fluid, which lubricates the surface of the heart , thereby reducing

friction during contraction. The myocardium is the actual contractile tissue of

the heart, and is approximately 75 percent of the hearts mass. The

endocardium forms the valves of the.heart by lining the inner surface of the

heart's chambers (Anthony and Thibodeau, 1979).

The internal structure of the heart consists of four chambers; a

septum, and four valves. The two superior chambers, the left and right atria,

are the smallest of the chambers and are responsible for returning blood

from either venous return or from the lungs. The septum is located between

the left ventricle and the right atrium.

Cardiovascular Dynamics

The primary action of the right side of the heart is to pump the

deoxygenated blood returning from the veins, through the lungs for

oxygenation, into the left side of the heart, and then through the aorta, to

distribute oxygenated blood to all parts of the body. The valves of the heart

are necessary to control flow of the blood in the proper direction. The

atrioventricular (AV) valves (tricuspid and mitral) regulate blood flow

between the atria and the ventricles. The semilunar valves (pulmonary and

aortic) regulate blood flow into the aorta and pulmonary artery. Any

alterations in the mechanics and pressures of the heart will lead to changes

in heart structure and function.
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Left Ventricular Hypertrophy

An athlete's left ventricular hypertrophy may be due to genetics,

training, or a combination of both. However, hypertrophy may be induced

due to valvular disorders or systemic circulation disorders. Mitral valve

prolapse, which increases the preload on the heart, would cause increased

dilatation of the ventricular cavity. Hypertension, which creates an increase

in the afterload on the heart, over an extended period of time would

eventually lead to an increase in the left ventricular wall thickness. An

increase in either the afterload or the preload would result in an adaptation

by the heart by either increasing it's cavity size or increasing it's wall

thickness. (Perronnet et al, 1981).

The morphologic changes that occur in the heart are related to

internal chamber changes and wall thickness (Noble, 1986). Concentric

and eccentric hypertrophy is the heart's response to either a pathologic or

physiologic load. Pathologic factors associated with concentric left

ventricular hypertrophy include obesity and high cardiac output states.

Hypertrophic cardiomyopathy is the third leading cause of death in males 30

years or younger, fourth leading cause in males greater than 30 years of age

(Waller, 1988). Although the incidence of premature of sudden death is low

in athletes, it is crucial to be able to identify anatomic configurations that

may be identified as acceptable limits to eliminate potential life threatening

developments. Pathologic factors in eccentric hypertrophy include arterial

hypertension, aging, and possibly increased sympathetic stimulation

(Messer li, 1983). Left ventricular hypertrophy is not considered completely

beneficial; fibrosis, mitochondrial change, substrate depletion, or myofiber

disorientation may lead to decreases in the left ventricular function. The
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hypertrophied left ventricle is reported to have an altered contractile ability,

with a decreased maximum and mean rate of shortening (Raskoff et al,

1976).

Ultrasound images of powerlifters and bodybuilders have identified

an adaptation of cardiac structure commonly referred to as eccentric

hypertrophy. The eccentric form of hypertrophy in athletes is associated

primarily with isometric training. Endurance athletes, such as long distance

runners and swimmers develop a different type of hypertrophy, called

concentric hypertrophy. Eccentric hypertrophy pertains to a decrease in the

internal cavity dimensions and thickened walls, whereas concentric

hypertrophy is an increased internal cavity dimension and decreased wall

thickness (Fagard, Aubert, Staessen, Van Den, Vanhees, and Amery, 1984).

Exercise will lead to an increase in heart size and to hypertrophy

depending on the type of training, intensity, and time (years) of training.

The average left ventricular mass of an excised heart at autopsy is

approximately 155 grams in normal men (Byrd, Wahr, Wang, Bouchard, and

Schiller, 1985). Dickhuth, Reindell , Lehmann, and Keul (1985) have

identified a maximum left ventricular muscle mass of 3.5 grams per kilogram

of body weight . Dickhulth and colleagues determined that left ventricular

hypertrophy did not develop in athletes training solely at maximum static

exercise. With detraining, they estimated that heart size and hypertrophy

would regress to approximately 10 to 15 percent within a three week period.

A study ( Ehsani, Hagberg, and Hickson, 1978) utilizing competitive

runners (V02 max 4.27 l/min) to identify the effects of deconditioning, found

an 18.2 percent decrease in the left ventricular mass within four days of

detraining. A 63.2 percent decrease ( 109.5 g/m2 to 67.13 g/m2) was noted

after three weeks of detraining. V02 max decreased by 7.8 percent ( 4.27
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Umin to 3.96 Umin) within the same three-week time period. The results of

the study indicated a much higher percent of decrease in the size of the left

ventricular mass as approximated by Dickhulth and colleagues (1985). The

study, also examining the effects on cardiac structure of intense conditioning

with beginning swimmers, identified a 14.4 percent increase in V02 max

(3.67 Umin to 4.20 Umin), and a 29.3 percent increase in the left ventricular

mass (84.1 g/m2 to 108.8 g/m2).

Left ventricular hypertrophy in athletes is a concern for physicians

who must distinguish between physiologic and pathologic versions.

Menapace et al. (1982), initially observed the similarities between

hypertrophy associated with athletes and idiopathic hypertrophic subaoratic

stenosis. The primary concern for the resemblance and difficulty of correctly

diagnosing pathologic hypertrophy is because it accounts for 13.5 percent

of all deaths in athletes in one study (Waller, 1988) and 48 percent in

another (Van Camp, 1988). Both have increased left ventricular mass, and

internal diameter differences from normal. Hypertrophic cardiomyopathy,

which is the second most frequent cause of death in structural

cardiovascular abnormalities in addition has asymmetric septal hypertrophy,

left ventricular outflow pause, and a thickened anterior mitral valve leaflet.

Individuals with pathologic hypertrophic cardiomyopathy will also have

abnormal intramural coronaries and myocardial fibers.
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Echocardiography

History of Echocardiography

High frequency, pulsed sound waves (ultrasound) have been used by

various forms of animal life, such as bats and dolphins, to determine

distances. The development and use of ultrasound diagnostic

instrumentation in medicine is a fairly recent development. The engineering

developments of ultrasound date back to the 1800s, when Pierre and

Jacques Curie discovered that a quartz crystal could be made to vibrate at

frequencies beyond the limits of the human hearing range. They

discovered that these vibrations could be transferred into electrical energy

by the crystal (Feigenbaum, 1981).

In 1883, Galtin developed an ultrasound whistle that was capable of

producing vibrations at a maximum frequency of 25,000 cycles per second.

Later, during World War I, a Frenchman named Langevin, using a quartz

crystal, developed a similar method of transmitting ultrasonic waves through

water.

The intensity of these waves was sufficient to produce the first

documented biologic effects of ultrasound: fish swimming past the beam

were reportedly killed. During World War II, development of ultrasound was

limited because the technology was restricted to military use (in detecting

underwater objects) and information was classified. At the end of World War

II, development of ultrasound as a nondestructive device flourished

(Feigenbaum, 1976). Firestone, who is credited with development of

pulsed reflected ultrasound, primarily for detection of flaws in metal;

patented (patent number 2280226) a device for such purposes in 1942. By
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the end of the 1940's, numerous individuals were using ultrasound to

examine various organs in the human body.

Keidel in 1950, became the first individual to utilize ultrasound to

examine heart volumes. The cardiac structures recorded at that time were

from the back wall of the heart, probably from the posterior left ventricular

wall. Echocardiography was introduced into the United States by Reid, who

soon afterward co-published a medical report describing the use of

ultrasound to visualize an excised heart. In 1963, he co-published an article

with Joyner, which described the first American effort using ultrasound to

examine the intact heart (Feigenbaum, 1976).

The term echocardiography, coined by the American Institute of

Ultrasound Medicine, is universally accepted as meaning the detection of

the heart structure by the use of ultrasound (Feigenbaum, 1976).

Echocardiography has been validated as a precise means of assessing

volume (Pope, Wolfe, Hirata, and Feigenbaum, 1969; and Devereux and

Reichek, 1976) and performance of the left ventricle (Paraskos, Grossman,

Saltz, Oaten, and Dexter, 1971).

Echocardiography is considered to be the criterium in accuracy of

heart structure measurements. However, its accuracy is affected by three

factors: the resolution (theoretical) of the system, the overall quality of the

echocardiographic data, and clinical interpretation of the echocardiogram

(Sahn, De Maria, and Kiss lo, and Weyman, 1978). Despite the possible

limitation to the accuracy of echocardiography, the echocardiogram is

considered the most accurate diagnostic technique of choice when

assessing cardiac anatomy (Dreslinski, 1983; and Warren and Lewis, 1985).

Researchers have shown that echographic examination, as compared to
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postmortem measurement, have a reliability of .96 and .97 (Devereux and

Reichek, 1976; and Kennedy, Reichenbach, Baxley, and Dodge, 1967).

Basics of Echocardiography

Ultrasound is a vibratory high frequency type of energy that is used

clinically to assess the structure and function of the heart . The principal

advantages of ultrasound are:

1. Ultrasound can be directed in a beam.

2. Ultrasound obeys the laws of reflection and refraction.

3. Ultrasound is reflected by objects of small sizes.

The primary disadvantage of ultrasound is that it conducts very poorly

through a gaseous medium, such as the lungs (Feigenbaum, 1986).

Ultrasonic waves travel in nearly straight lines in the body, being absorbed

or weakened by tissues and can be reflected or scattered back to their point

of origin. Tissues with high water content, such as muscle, show a higher

degree of absorption. If the tissues possess low water content, most of the

energy is reflected. The proportion of the ultrasound that is reflected from

tissue is related to the acoustic properties of the tissue. The strongest

reflections are at boundaries between soft tissue and bone, or air-containing

tissue. There is a very low reflection, approximately 0.01 percent, that is

found for the endocardium, connective tissue surrounding muscle bundles,

and the walls of blood vessels.

Table 1 lists values of specific acoustic impedance, and Table 2 lists

the reflection and transmissions of a sound wave through air, fat, and bone

(SataH and Sample, 1980). Table 2 shows that a water- fat - liver interface

has a 3.5 percent reflection and a 96.5 percent transmission value, which
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indicates that weak signals are generated due to the low reflection

coefficient. As mentioned previously, when air is the medium, essentially

100 percent of the beam is reflected, indicating that sound cannot penetrate

the desired tissue (Satan and Sample, 1980).

Table 1. Acoustic Impedance Values

Material Rayls

Air 0.0004

Fat 1.3800

Water 1.4800

Kidney 1.6200

Mean (soft tissues) 1.6300

Steel 40.00

Tabl9 2. Reflection and Transmission of Sound Waves

Water Interface Tissue

Water Bone Water

R = 00.680 R = 00.68

T = 00.320 T= 00.32

Water Fat Liver

R = 03.5 R = 00.089

T =96.5 T = 91.10

Water Air Skin

R=99.95

Key: R = Reflection, T = Transmission
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Echocardiographic Studies with Endurance Athletes

A study by Niemela, Palatsi, and Ikaheimo (1987) identified

reductions in peak rate of dimension, delayed mitral valve opening,

prolonged left ventricular filling, and posterior left ventricular wall thinning in

athletes after a 200-kilometer race. The authors concluded that the 24-hour

run may cause reversible abnormalities in left ventricular function, which

may, in turn, compromise chamber filling at near maximal heart rates. The

athletes investigated in the Niemela et al. study were high-quality endurance

cyclists with an average maximal oxygen consumption of 66.89 ml kg-1

min-1 (range 59.71 to 73.15 ml kg-1 min-1) and maximum heart rate of

175.27 beats per minute (range 167 to 194 beats per minute). A

comparison between groups research design study was used, but there

were no abnormal echocardiographs. One subject (endurance) had a

slightly lengthened mitral valve leaflet; however, this was of no medical or

physiological concern to the investigators.

Anabolic Steroids

Anabolic steroids are any substance whose chemical core consists of

a skeleton comprising three cyclohexanes and one cyclopentane. The term

anabolic steroid refers to a group of drugs which are synthetic derivatives of

the natural male hormone testosterone (Taylor, 1982). Testosterone in the

body has two effects, an anabolic effect, which promotes tissue growth

and/or repair and increases protein synthesis through greater nitrogen
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retention, and an androgenic effect, which produces secondary sex

characteristics.

In producing a positive nitrogen balance, anabolic steroids offset

excessive protein deterioration, through a slow down of catabolic processes

in the body (Kochakian, 1946). Celijowa and Holma (1970) found that

Olympic lifters were often in negative nitrogen balance, hence an anabolic

agent in combination with supplemental protein would be valuable in

preventing the loss of lean muscle mass. According to Lamb (1984),

steroids cause the genetic machinery of the cell nucleus to produce

ribonucleic acid at a faster rate, thus there is greater nitrogen retention,

increased synthesis of protein at the ribosomes of the cell, and increased

lean body mass with enhanced muscle growth. Torizuka (1963) said that

anabolic steroids accelerate protein synthesis, but also inhibit catabolism.

The biochemical process of how synthetic anabolic steroids control or

influence the body is relatively unknown (O'Shea, 1980). Shephard,

Kil linger, and Fried (1977) suggested three possible mechanisms by which

anabolic steroids may influence the body:

1. Anabolic steroids could replace testosterone in the negative

feedback system suppressing gonadotropin release from the pituitary by

either direct action on the pituitary gland or suppression of the hypothalamic

release of leuteinizing hormone releasing hormone.

2. Anabolic steroids could displace testosterone from testosterone-

binding globulin. This displacement would increase the amount of unbound

circulating testosterone, while suppressing gonadotropin release by normal

testosterone feedback mechanisms.
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3. Anabolic steroids could decrease the synthesis of testosterone-

binding globulin in the liver, producing an effect similar to the displacement

of testosterone from testosterone-binding globulin.

Shephard et al. (1977) suggest that these three hypotheses are not

mutually exclusive and that all three probably interact, contributing to the

overall effect.

History of Anabolic Steroids

Murlin and Kochakion in 1935 theorized that the male sex hormone

testosterone might have a tissue-building effect. The two investigators

demonstrated that intramuscular injection of testosterone into castrated

dogs resulted in a decreased protein breakdown and a positive nitrogen

balance (cited in Mellion, 1984). Boje (1939) contended that the

administration of sex hormones or preparations of the adrenal cortex would

theoretically enhance physical performance. However, due to the lack of

relevant research, he was unable to prove his claims.

During World War II, anabolic steroids were administered to German

SS soldiers to enhance their aggressiveness in battle and promote a feeling

of greater strength and well-being (Payne, 1975; and Percy, 1980). After the

war, survivors of concentration camps were administered anabolic steroids

to help restore their debilitated state of health (O'Shea, 1974).

Anabolic steroids were introduced to athletes by the Russians in 1954

(Haupt and Rovere, 1984). A physician from the United States, Dr. John

Ziegler, recognized their use at that time, and in the 1960's, in conjunction

with the Ciba pharmaceutical company, worked to develop and conduct

research on anabolic steroids for the York weight lifting team. The drugs
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were initially developed to provide United States weight lifters with the

opportunity to haVe similar physiological advantages as competitors in rival

countries. The athletes were given the drugs in prescribed dosages.

Since then, the use of anabolic steroids by American athletes has

dramatically increased. This fact is supported by the number of American

athletes, primarily weight lifters, hammer throwers, shot putters, discus

throwers, and other track athletes that have been disqualified due to testing

positive for anabolic steroids (Haupt and Rovere, 1984).

Anabolic Steroid Use

The merciless rigor of modern competitive sports,
especially at the international level, the glory of victory, and the
growing social and economical reward of sporting success (in no
way any longer related to reality) increasingly forces athletes to
improve their performance by any means available (Hill, Suker,
Sachs, and Brigham, 1983, p. 269)

The above quotation exemplifies the measures that athletes, male

and female, will take in an attempt to maximize performance. Because the

problem of steroid usage received so much attention, following the 1988

Olympics, the National Institute on Drug Abuse (NIDA) has budgeted up to

one million dollars to support research studying the effects of anabolic

steroids on physiological and psychological parameters (Dreyfuss, 1989).

Determining how many athletes have used or are using anabolic

steroids is difficult. Lamb (1984) reported that 80 to 100 percent of male

national and international body builders; weight lifters (Olympic and power

lifters); shot put, discus, hammer, and javelin throwers used the drugs

regularly in their training. The National Strength and Conditioning
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Association (NSCA) estimated that 20 percent of female athletes in

bodybuilding and and track field event individuals utilized the drugs.

There are reported cases of prepubescent male athletes using

anabolic steroids. The use of anabolic steroids by this population enhances

early epiphyseal closure, with serious consequences not only on growth, but

on testicular development and function (Osborne, 1983).

Athletes who use much higher dosages than those recommended by

physicians as treatment for pathologies generally accomplished this by the

practice of stacking. Athletes stack in an attempt to maximize the effects and

duration of the drugs. Although there is no empirical evidence to support

this theory, it is possible that stacking varied anabolic steroids might have a

synergistic effect. This may be due to the nature of the steroid - receptor

bond. The rationale is that a greater number of receptors may be activated

by stacking as compared to conventional therapy (Pasquale, 1987). An

additional advantage to stacking, theoretically, is the effect on the liver. It is

theorized that if an individual takes smaller dosages of a given steroid drug,

although the individual is consuming multiple drugs with the total exogenous

intake equal to or greater than that of a single drug, the chance of liver

abnormalities is reduced. There might be an increased tolerance of multiple

drugs in small dosages, the liver's degradation process of the anabolic

steroids would be decreased (Taylor, 1982).

D9leterious Effects of Anabolic Steroids on the Liver

The liver is an important organ to consider in athletes who utilize

anabolic steroids, since there is evidence of adverse secondary effects

(Johnson, 1975). The most severe side effects associated with anabolic
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steroid usage, specifically with testosterones with modifications at the 17

alpha position (Figure 1), include liver tumors, liver dysfunction, and

jaundice. The effects may be due to increased absorption and increased

toxicity in the liver. Table 3 lists various anabolic steroids and their

associated degree of liver toxicity.

Deleterious Effects of Anabolic Steroids on the Myocardium.

Kruskemper, in the 1960's, conducted studies demonstrating that

rats will respond to short-term anabolic steroid treatment. Other

investigators reported similar results with rats (Douglas, King, and Gollnick,

1970; Schaible, Malhorta, Ciambrone, Buttrick, and Scheuer, 1987; and

Leeds, Wilkerson, Brown, Kamen, and Bred le, 1986); primates (Crawford,

Walsh, Cragg, Freeman, and Miller, 1987); and mongrels ( Grimditch,

Barnard, and Duncan, 1981; and Gelpi, Hittinger, Fujii, Crocker, Mirsky, and

Vatner, 1988).

Neubauer (cited in Behrendt, 1977) studied the effects of anabolic

steroids on the rat myocardium. His results indicated that anabolic steroids

had a marked effect on heart muscle cells and produced myocardial

hypertrophy. Behrendt and Boffin (1977) in a similar study, determined that

anabolic steroids had an effect at the structural level. They demonstrated

that ultrastructural changes identified consisted of heart muscle cells

showing an irregular arrangement of myofilaments, defects consisting of Z-

bands with irregular shape, clustered mitochondria, and swollen

mitochondria.



Figure 1. Anabolic Steroid Structure
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Table 3. Anabolic Steroids and Their Association with Liver Disorders

Chemical Name Significant Side Effects.

Anavar (Oxandrolone)* yes

Anadrol-50 (Oxymethlone)* yes

Demalon (Dimethandrostanolone)* yes

Deca-Durabolin (Nandrolone) minimal

Durabolin (Nandrolone) minimal

Dianabol (Methandrostenolone)* yes

Equipose (Boldenone) minimal

Finaject (Trenbolone) minimal

Halotestin (Fluoxymesterone)* yes

Maxibolin (Ethylesterol)* yes

Metandren (Methyltestosterone)* yes

Myagen (Bolasterone) yes

Parabolon (Trenbalone) yes

Primobolan Acetate (Methenolone)* minimal

Testosterone Cypionate minimal

Testosterone Enanthate minimal

Testosterone Propionate minimal

Sustanon (Testosterones mixed) minimal

Steranabol (Oxabolone) minimal

Winstrol (StanozoloI)* yes

Note: Types listed are brand (trade) names followed by generic name.

Asterisk (*) identifies oral anabolic steroids.



32

These differences consist of number, arrangement, and size of the

intermediate filaments. This was evident at the embryonic, mature, and

hypertrophied functional states of the heart. Differences were noted in

conducting fibers; however, there was no certainty as to their significance.

Behrendt and Boffin (1977) suggested that disintegration of the contractile

proteins might represent areas of low resistance within the structure of the

heart muscle itself, which may possibly lead to more severe lesions under

additional stress of the heart.

Rejeski, Brubaker, Herb, Kaplan, and Manuck (1989) investigated the

effects of anabolic steroids on baseline heart rate and heart rate responses

to the threat of capture in monkeys. Quantitative electron microscopy

showed that myocardial cells were pathologically altered, as evidenced by

destroyed mitochondria and aberrant myofibrils. The researchers identified

dehiscent intercalated discs and necrotic cells. Results of their study

showed a statistically significant difference in baseline heart rates, but no

differences in capture heart rates, between the two groups.

A similar study, using elite powerlifters and bodybuilders,

(MacDougall, Sale, Elder, and Sutton , 1982) identified structural

abnormalities associated with the use of anabolic steroids. Eighty percent

of the of the bodybuilders had centrally located nuclei, and enlarged

cytoplasmic spaces were evident in all bodybuilders and powerlifters. The

control subjects, life time drug-free powerlifters and bodybuilders, did not

demonstrate these additional abnormalities.
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Sociological Implications

The use of anabolic steroids by athletes is controversial. Athletes

use of the drugs to improve performance can be viewed as morally

unethical and against the standards of fair play. O'Shea (1980)

addressed the issue of whether anabolic steroids can or should be justified.

The moral and ethical grounds are:

1. The use of anabolic steroids constitutes a violation of

sportsmanship by providing an unfair advantage over competitors not

utilizing them.

2. Their use deliberately falsifies the results of maximal human

performance.

3. Medically, it is unethical to administer these drugs to a healthy

individual in order to produce a higher level of performance.

Conversely, these objections can be addressed as follows:

1. It is agreed that anabolic steroids are used internationally by

national and international competitors, therefore ruling out an unfair

advantage.

2. Anabolic steroids are an ergogenic aid, similar to vitamins and

other food supplements. The use of them cannot directly improve

performance, unless accompanied by sports specific high intense weight

training and conditioning programs.

3. Due to the rampant use of the drug by athletes, legally or illegally, it

would be better to administer the drugs by medical professionals and

monitor the athletes during the time period that the athlete is utilizing them.

Non-athletic individuals are utilizing anabolic steroids with general

weight training programs (Pope, Katz, and Champoux, 1988). The study
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surveyed steroid use among college athletes and found 17 percent had

utilized steroids. These findings are similar to those of an earlier study

(Dezelsky, Toohey, and Shaw, 1985), which found a prevalence rate of 20

percent. Pope et al. (1988) estimated that the total number of men in the

United States who have used anabolic steroids is in the hundreds of

thousands; however, larger and more sophisticated studies are needed to

substantiate this estimate.

In 1989 the National Football League (NFL) implemented drug

testing on 28 NFL teams, with a total of 2,000 players involved in the

testing. Of the 15 professional football players suspended for drug taking,

13 tested positive test for anabolic steroid usage. Joe Brown, a NFL

spokesman, was quoted to say, "We cannot guarantee our testing has

detected or will detect every steroid user in the NFL" ( Goldberg, 1989).

Pasquale (1984), considered one of the leading authorities on drug

detection, has addressed the issue of testing. Since testing was begun in

1968, athletes who use anabolic steroids have attempted to evade testing

positive. It was not until 1974 that a method was available that was

sensitive enough for routine detection of anabolic steroids in biological

fluids. Current detection techniques include the use of radioimmunoassay,

gas liquid chromatography, and mass spectrometry (Dugal, 1978). Athletes

have developed methods to mask test results. Common methods include

using impersonators, diuretics, masking substances, and even urine

doping, which consists of introducing drug-free urine from one individual

into another individual's bladder, with the use of a catheter. Pasquale

mentioned that this is not a complete list of techniques used by athletes in

hopes of showing false negative results.
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An area of primary interest to research and medical professionals is

whether or not the long-term and short-term side effects associated with the

use of anabolic steroids by athletes have been completely identified.

There are many adverse reactions and side effects associated with

anabolic steroid therapy, especially with prolonged usage (Taylor, 1982).

in summary, the literature pertaining to the effects of anabolic steroid

agents on heart structure and function indicated that a critical need exists for

more extensive clinical research. With this in mind, the present study was

proposed and conducted.
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CHAPTER THREE

METHODS AND PROCEDURES

Research Design

The format of the research was a true-experimental, cross-groups

comparison design. It involved echocardiographic data analysis of heart

structure and function among four groups: endurance athletes (G1), controls

(G2), powerlifters/steroid users (G3), and powerlifters/non-steroid users (G4).

Variables assessed and analyzed included: height in centimeters; weight in

kilograms; left ventricular posterior wall thickness at diastole and systole in

millimeters; left ventricular internal diameter at diastole and systole in

millimeters; inter-ventricular septa! thickness at diastole and systole in

millimeters; left ventricular ejection time in seconds; left ventricular mass in

grams; mean ventricular contractile force in circumferences per second; and

percent fractional shortening in percent.

All echocardiographic testing was conducted at Good Samaritan

Hospital, Corvallis, Oregon: Maximal oxygen consumption (VO2max) testing

was conducted in the Human Performance Laboratory, College of Health and

Human Performance, Oregon State University, Corvallis, Oregon.

Pilot Study and Experimental Procedures

After review of the literature and delimiting the study to the parameters

of interest to be measured and assessed, a pilot study was conducted to

ensure that the equipment and parameters could be assessed reliably and
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accurately. The methodologies used in the pilot study were identical to those

used and described by Perrault, Peronet, Lebeau, and Nadeau (1986).

Methods of measurements utilized were according to standards

recommended by the American Society of Echocardiography.

Two top class athletes, a world class powerlifter and an elite runner,

consented to echocardiographic testing to verify that satisfactory apical and

four chamber views could be attained and analyzed for left ventricular

structure and function. M-mode apical and four chamber views were stored

on a standard video cassette, as well as on hard copy printouts. These data

were analyzed using the Freeland Medical Cine Loop digitized

echocardiogram analysis program by the director of the Cardio-Pulmonary

Unit at Good Samaritan Hospital and a "blind" qualified technician.

Analysis of computer-generated results was congruent with hard copy

analysis, as well as within expected physiological limitations. Therefore, the

methodologies utilized in the pilot study were used in the actual research

project. The runner was acceptable as a subject in the endurance group and

his data were included in the actual study. Although the powerlifter qualified

as a subject for the research project, his results were not used, in order to

minimize potential researcher bias.

Selection of Subjects

The research project involved four groups of male subjects:

endurance athletes, sedentary college students (who served as controls),

powerlifters/sterold users, and powerlifters/non-steroid users. Only

individuals who met certain criteria were selected as subjects.
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Endurance Subjects

Endurance subjects (i.e., cyclists and runners) had to have a minimum

history of four years in endurance events and minimal to no weight lifting

experience. Cyclists were defined as athletes having a minimum of four

years standing as Category 3 or better, as designated by the United States

Cycling Association (USCA). Runners were defined as athletes having a

minimum of four years of competition designated as national by the United

States Track and Field Federation. All endurance subjects were required to

have a 1702 max equal to or greater than 60m1 kg-1 min-1 (average was

67.94 ml kg-1 min-1; range was 59.57 ml kg-1 min-1 to 73.15 ml kg-1

min-1). Endurance athletes had to have been lifetime drug free from

anabolic steroids.

Control Subjects

Individuals in this group were sedentary male college students who

had not participated in regular exercise during the previous four years. (It

was assumed that individuals with a sedentary lifestyle would best represent

control subjects with unaltered cardiac structure and function.) Additional

requirements for this group were: normal good health and no previous

diagnosis of cardiovascular disorders. All controls signed an affidavit

(Appendix F) stating that they had never participated in any recreational or

organized sport activities, especially weight training or endurance activities,

during the last four years, nor would they during the term of the research.

Powerlifters

Elite powerlifters had to have a minimum history of four years of

training and competition, with minimal to no endurance training experience.



39

Power lifters were subdivided into two groups: powerlifters/steroid users and

powerlifters/non-steroid users.

Power lifters/Steroid Users. In addition to meeting the selection criteria

for powerlifters in general, powerlifters in this group were required: (a) to

have a minimum of four years of recent continuous use of anabolic steroids;

(b) to have used a minimum physiological equivalent of five times the

recommended dosage; and (c) to have consistently stacked the anabolic

drugs. For each individual, anabolic steroid regimes were recorded

(Appendix E), as were steroid types, dosages (ranges), time periods of

usage, and any other information pertaining to steroid therapy.

Power lifters/Non-Steroid Users. Power lifters in this group signed an

affidavit stating that previous to, and during, the research they did not use any

type of anabolic steroid agents.

The principal researcher personally contacted male athletes in the

Pacific Northwest who he knew to be high level competitive athletes in the

sports of interest (i.e., powerlifters and cyclists) to request their participation in

the study. A total of 27 individuals consented to participate in the study.

Subjects

The subjects in the study were 27 males between the ages of 20 and

38, each representing one of four groups: (a) national class endurance

athletes, (b) sedentary college male students, (c) powerlifters/steroid users,

and (d) powerlifters/non-steroid users group. The difference in ages was

minimal (p = 0.92) among the four groups. Table 4 presents the subject
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group breakdown, and Table 5 presents mean age, weight, and height of the

subjects by their respective groups.

Table 4, Breakdown of Subject Groups

Group Number.

Endurance (G1)

* Cyclists 11

* Runner 1

Controls (G2) 4

Power lifters/Steroid User (G3) 5

Power lifters/Non-Steroid Users (G4) 6

Total 27

Table 5. Mean Age. Height. and Weight of Subjects By Groups

Measurement G1 G2 G3 G4

Age (years) 27.7 27.0 28.6 26.8

(15.49) (±2.74) (14.51) (±4.51)

Height (cm) 179.6 180.0 173.4 165.5

(16.01) (16.38) (12.47) (15.12)

Weight (kg) 72.7 74.0 100.6 69.3

(±3.4) (±2.7) (±10.1) 48.9)

Values in parentheses are standard deviations.

Each subject participating in the study met three times with the

research team. At the initial meeting, the purpose and methodologies of the
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research, in particular the focus of the research, techniques to be used, data

that would be collected and analyzed, and the expectations of subject

participation, were thoroughly explained. The prerequisites, requirements,

and potential risks and benefits associated with the research were discussed

with each of the subjects (see Appendix B). Any questions pertaining to the

research methods, or other concerns, were answered at that time. To

maintain strict confidentially of the subjects, each was assigned a code letter

and corresponding code number, after the initial meeting.

Instrumentation

Echocardiography was used to determine myocardial morphology and

function, and maximal oxygen consumption to assess N../02 max. The

equipment necessary to conduct examinations, and to analyze the data

collected, are described in the following sections.

Echocardiographic Examination

An ultrasound unit (echocardiograph) consists of transmitters to

generate the frequency, transducers to convert the ultrasonic waves to

electric energy and vice versa, receivers to amplify the waves, and a display

device. The display device generally allows for hard copy analog tracings

that are produced simultaneously with the evaluation and/or an additional

video system that is used for storage (Feigenbaum, 1986).

A Hewlett Packard (Corvallis, OR) echocardiograph (model 77020A)

with a 2.5 megaHertz transducer was used for all echocardiographic

examinations, in order to obtain myocardial measurements. The system
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consisted of a VCR (Panasonic, standard VHS), two transducers (21286A

2.5 MHz medium focus and 2.5/1.9 MHz imaging cw), a signal conditioner

(ECG, signal coupler, and heart sound/pulse), cardiology annotation and

vertical control panels, doppler control panel, and a system-mounted strip

chart recorder. Aquasonic 100 (Parker Laboratories, U.S.A.) hypoallergenic

transmission gel was used as the contact medium-for the ultrasound

transmission.

The equipment allowed for a maximum tissue depth of 24cm to be

scanned. Echocardiograms were recorded according to the American

Society for Echocardiography Standard (ASES) techniques and measuring

conventions (Feigenbaum , 1976; 1981).

Medline Accurate (Mundelein, IL, U.S.A.) "Insta-Prep" single use

alcohol pads prepped the skin prior to electrode placement. Red Dot (3-M)

silver/silver chloride diaphoretic monitoring electrodes were used in

conjunction with the Hewlett Packard ultrasound unit to monitor and record

the heart's electrical activity.

Echocardiographic Data Analysis

Echocardiographic data were analyzed using a computerized (Martin,

Weir, and Ng, 1983), digitized imaging recorder ("Cine View" 32, GTI

Freeland Medical, Indianapolis, IN.).The computerized digital image recorder

allowed for capture, storage, and playback of echocardiographic images in

cine loops, and capture and digitization of video images at a rate of 30 per

second. Specifications were:

1. Resolution: 8 bits for 256 gray levels 256 x 256 to 640 x 480.

2. VCLR memory: 2 megabytes, with 32 frames of video memory.
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3. Computer: an IBM compatible with 8088 16 bit CPU and 512K

bytes memory.

The "Cine View"" 32 captures up to 32 real-time images assessed from

video images and stores them in a digital memory for viewing in different

formats, freeze time, and split image. Its use permitted the researcher to

digitize the diagnostic images and display them in a format that was the most

informative. A continuous, digitized cine loop presentation of a cardiac

cycle is recognized as the most useful technique for analyzing regional wall

motion (Feigenbaum, 1986; and GTI Freeland Medical, 1988).

Maximal Oxygen Consumption

A Quinton (Seattle, WA) three channel electrocardiograph (model

630A), with Red Dot, disposable silver/silver chloride pre-jelled electrodes,

was used to record a standard 12 lead EKG (Jones and Campbell, 1982). A

custom made one-way breathing valve by Quintron (Milwaukee, WI) was

used with a Rayfield (Chicago, IL) airflow meter to determine respiratory

values in conjunction with an Ametek (Pittsburg, PA) S-3A oxygen analyzer

and a Beckman (Anaheim, CA) LB-2 medical gas analyzer to determine 02

and CO2 levels. A LB-2 carbon dioxide console (Beckman) was used with

the carbon dioxide analyzer.

Flow control for the oxygen and carbon dioxide analyzers was

controlled, respectively, by an N-22m (Ametek) and an R-1 (Ametek) air flow

control meters. Compressed gas standards (Airco Medical Gasses, Portland,

OR) of 16.44 percent oxygen and 4.04 percent carbon dioxide were used to

calibrate the open-circuit spirometery system.
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The analyzers and the airflow meters were interfaced with

Vacumetrics (Ventura, CA) "Vista-Turbofit" software via an IBM-XT computer,

to allow on line readings of 02 percent, CO2 percent, and ventilatory

parameters. A Quinton automated sphygmomanometer (model 410)

assessed systolic and diastolic readings.

A computerized cycle ergometer (Cambi Co. Ltd., Japan, model Cambi

Powermax - V) was used to administer a standard graded exercise test

(Jones and Campbell, 1982) for determination of maximal oxygen

consumption.

Computers

An Apple Ile microcomputer, Macintosh SE/30 microcomputer, and a

Hewlett Packard hand held personal calculator (model 41CV) were used to

attain all mathematical and statistical results. Data was stored on a 3.5 inch

hard (Sony, model MFD-2HD) diskette.

Echocardiography: Data Collection and Ana ly§is

Echocardiograph Calibration

Prior to all echocardiographic examinations, the Hewlett Packard

echocardiograph was internally, electronically calibrated, using a standard

Radiation Measurements Incorporated (GTI Freeland Medical, 1988) tissue

mimicking phantom. This calibration process can be used with sector, linear

array, phased array, and annular ultrasound scanning systems. It involves

nylon resolution targets, high scatter cylinders, cysts, ring down
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determination target, and lateral targets. The process allowed for an

extremely accurate resolution and measurement calibration (GTI Freeland

Medical, 1988).

Calibration was accomplished in the following manner: The

echocardiograph was set to "warm-up calibration" mode. The transducer

and the phantom were applied with a generous portion of conductance gel,

and the transducer was placed in contact with the phantom box (15 cm x 18

cm). The following was then calibrated:

Tissue mimicking material:

Speed of sound: 1540 m/s + 10

Attenuation: 0.5 dB/cm/MHz + 0.05

Freezing Point: 0. C

Melting point: 78' C

Targets:

Cyst speed of sound: 1540 ms +10

Cyst attenuation: 0.05 dB/cm/MHz + 0.01

Nylon lines: 0.3 mm diameter

Location tolerance: +0.1 mm

Echocardiographic Examination

Subjects were given a brief explanation regarding the operation of the

ultrasound device and utilization of the transducer to attain the myocardial

dimensions. To obtain M-mode, parasternal and short axis

echocardiographs, subjects were placed in the supine or left lateral

decubitus position, with the head slightly elevated. A prep solution of



46

Aquasonic 100 was applied liberally to both the transducer and the area of

the chest with which the transducer was in contact.

Phase array two dimensional scanner echocardiographs were

recorded with the transducer placed on the left parasternal boarder at the

fourth or fifth intercostal spaces, within three to four cm of the left sternal

boarder. Due to the varied somatotypes of the subjects, echocardiographic

recordings were made within the range of the fourth to fifth intercostal spaces.

The echocardiographic signal was displayed on the screen simultaneously

with an electrocardiographic recording in M-mode and two-dimensional

mode to ensure standard and consistent examinations (Perrault et al., 1986).

Apical four chamber views were recorded for future analysis .

A single channel electrocardiogram (ECG) ran simultaneously with

echocardiograms to establish mechanical cardiac systolic and diastolic

events. In order to attain high resolution echocardiographs, all

echocardiograms were made during quiet respiration. If attainment of

readings was dampened by lung interference, individuals were asked to

exhale slowly, then hold at the appropriate point to attain good recordings.

Measurements were taken and permanently recorded on video and hard

copy of M-mode echocardiograms perpendicular to the sternum.

Echocardiographic Analysis

The GTI Freeland Medical digitized analysis program was used to

perform M-mode analysis. The program was loaded in the GTI Freeland

Medical "Cine View" Plus computer-monitor system. The VCR was loaded

with the VHS tape containing all echocardiographic examination data.
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Modify mode was selected from the main menu to enter or change

subject information. Each subject's name, code number, date of test, age,

height, and weight, as well as any additional comments, were entered. The

menu then provided options for several different measurements; left heart

and left ventricular functions were selected.

The tape was put on "play" and each subject's M-mode

echocardiogram was retrieved through the "Cine View" interface software.

Verification of system calibration was accomplished by calibrating for length,

then time. The appropriate values were entered and verification of

calibration by the system shown.

Measurement of Walls and Chambers

Measurements taken were: left ventricular posterior wall thickness

(LVPW) (systole and diastole); left ventricular internal diameter (LVID)

(systole and diastole); inter-ventricular septal thickness (IVS) (systole and

diastole); left ventricular ejection time (LVET); left ventricular mass (LV mass);

mean ventricular contractile force (mVcf); and percent fractional shortening

(Fx).

Methods of measurements (Figure 2), in accordance to standards

recommended by the American Society of Echocardiography (Feigenbaum,

1986), were utilized with the computerized digital echocardiographic analysis

unit. All diastolic measurements were made at the onset of the Q wave, that

is, immediately prior to ventricular contraction. Systolic measurements were

made according to the parameter being measured. Inter-ventricular septal

thickness (IVS) was measured at end systole at maximum thickness. Left

ventricular internal diameter (LVID(d) and LVID(s) was assessed at end
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systole measured at peak posterior motion of the ventricular septum, which

corresponds with a minimal internal dimension. Left ventricular posterior wall

thickness was measured at end systole at maximum thickness.

Echocardiograph Measurement Equations

The equations for mean ventricular contractile force, expressed as

circumferences per second (mVcf), percent fractional shortening (Fx)

expressed as a percent, and left ventricular mass (LV mass) in grams were

as follows:

LVID(c1) - LVID(s)

mVcf = LVID(d) x ET

Fx = LVID(d) - LVID(s)

LVID(d)

LV mass = (Dendo 3) - (Depi 3)* 1.05

Where:

LVID(d) = Left ventricular internal diameter, diastole, points 2 to 3.

LVID(s) = Left ventricular internal diameter, systole, points 6 to 7.

ET = Left ventricular ejection time.

Dendo = Endocardial diameter, points 2 to 3.

Depi = Epicardial diameter, points 1 to 4.



Figure 2. Methods of Measuring the Left Ventricle
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Other measurements for analysis of echocardiograms by the

computerized digitized system were as follows:

IVS thickness(d) = points 1 to 2.

IVS thickness (s) = points 5 to 6.

LVPW thickness (d) = points 3 to 4.

LVPW thickness (s) = points 7 to 8.

Left ventricular posterior wall thickness was measured from the first

epicardial echo to the first endocardial echo. Left ventricular internal

dimensions was measured from the endocardial surface of the inter-

ventricular septum to the endocardial surface of the left ventricular posterior

wall. All measurements were measured to the closest 0.5 millimeter (mm).

The indices were computed and pertain to the contractile state of the

left ventricle (Perrault et al., 1986). All echocardiographic recordings were

analyzed by the director of the Echocardiography Laboratory, Good

Samaritan Hospital.

Maximal Oxygen Consumption Examination

Endurance subjects were weighed to the closest one tenth of a

pound, using a 300 pound full capacity scale. The graded exercise test

(GXT) to be conducted was explained to each subject, as was Borg's new

scale (Blair et al., 1988) of rating perceived exertion and the hand signals to

be used to convey the appropriate number was tested.
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After an introduction to the computerized cycle ergometer, seat height

and handle grip length were adjusted to an approximate setting. Each

subject's (i.e., cyclist's) personal racing pedals were put on the cycle and

precise adjustments of seat and handle grip was completed.

While the subject was warming up, the mouthpiece position, based on

subject position, was established. The gas analysis system was re-

calibrated. This consisted of opening the valve attached to the standardized

gasses and putting the oxygen analyzer into the "Unknown" setting. When

values on both analyzers were stable and corrected to standards, the

analyzer gas percents were entered into the program.

Gas Analysis Program

The "New Subject" option was selected. Name, age (years), height

(centimeters), weight (kilograms) and other subject information was entered.

Report intervals of 15 seconds was selected, thus putting the program into

warm-up mode.

Subjects were put on line with the use of a one-way valve that is

attached via one inch diameter plastic corrugated tubing to a gas meter and

the other to a mixing chamber. This allowed for inhalation of ambient air and

exhalation of gases into the mixing chamber. A. small plastic tube joined

the mixing chamber to the gas analyzers. The gas analyzers and PC meter

were interfaced with an IBM-XT personal computer system The subjects

were administered a standard protocol (See Table 6) according to ACSM

guidelines (American College of Sports Medicine, 1986). As the graded

exercise test began, the subject's heart rate, rate of perceived exertion and
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oxygen consumption was recorded on a 15 second basis. Subjects were

continually asked if they felt that they would be able to complete the stage

that they were in, as well as if they could continue into the next stage. Hand

signals were again used by the subject to convey information to the

researchers.

Table 6. Cycle Protocol

Duration(minutes) Workload (kg's)*Stag@

I (Warm-up) 5.0 1.5

II 2.0 2.0

111 2.0 3.0

IV 2.0 4.0

V 1.0 4.5

VI 1.0 5.0

VII 1.0 5.5

VIII 1.0 6.0

IX 1.0 6.5

X 1.0 7.0

XI 1.0 7.5

XII** 1.0 8.0

XIII** 1.0 8.5

* Cambri computerized cycle ergometer is programmed in KG's.

** Only one subject continued to these workloads.

Maximal oxygen consumption was achieved when subjects were

unable to increase oxygen consumption by a minimum of 0.15 liters per
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minute (2.1 milliliters per kilogram of body weight per minute) with an

increase in work load, volitional exhaustion, failure to increase HR or BP

with increasing work, or any indications for stopping an exercise test due to

abnormal responses as designated by the American College of Sports

Medicine (American College of Sports Medicine, 1986). No subjects were

terminated due to abnormal responses listed by the ACSM. Appendix G lists

the subject's termination points (maximum heart rate and V02, and

termination criteria)

Statistical Analysis

A One Way Analysis of Variance (ANOVA) (Peterson, 1985) using

Tukey's Honestly Significant Difference (HSD) was used to analyze

echocardiographic parameters of heart structure and heart function (T. Wood,

personal communication, May 8, 1988). The HSD test allows for pairwise

comparisons among groups and is a more conservative technique regarding

identification of statistical significance (Peterson, 1985). All parameters

statistically analyzed by the ANOVA were also analyzed by the HSD post-hoc

test. Alpha was set at 0.05 for determination of statistical significance.

An Apple Ile microcomputer, Macintosh SE/30 microcomputer, and a

Hewlett Packard handheld personal calculator (model 41CV) were used to

attain all mathematical and statistical results. Data were stored on a 3.5-inch

diskette (Sony, model MFD-2HD).
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CHAPTER FOUR

RESULTS

Utilizing echocardiographic techniques, this study investigated

cardiovascular adaptation in two types of high level competitive athletes:

powerlifters (steroid users and non-steroid users) and endurance athletes.

Sedentary male college students were used as controls. The subjects in

this study consisted of 27 males, who comprised four groups: endurance

athletes, controls, powerlifters/steroid users, and powerlifters/non-steroid

users.

Statistical packages (Stats with Finess, and Stat View512) was used

with an Apple Ile and Macintosh SE/30 microcomputers to compute

statistical analysis on:

1. Variables: height and weight; and

2. Heart Structure Results for: left ventricular posterior wall thickness

(LVPW) at diastole (d) and systole (s), left ventricular internal diameter

(LVID) at diastole (d) and systole (s), inter-ventricular septa! thickness (IVS)

at diastole (d) and systole (s); and

3. Heart Function Results for: left ventricular ejection time (LV ET),

left ventricular mass (LV mass), mean ventricular contractile force (mVcf),

and percent fractional shortening (Fx).

All measurements had 3 degrees of freedom among groups and 23 degrees

within groups, for a total of 26 degrees of freedom.

The results of the analysis are presented and discussed in the

following sections: Variable Assessed, Heart Structure Analysis Results, and

Heart Function Results. Hypotheses, results of one-way analysis of variance
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the discussion.

Variables Assessed

Statistical results indicated an overall statistical significance of p =

0.0001 for mean height and p = 0.0003 for mean bodyweight for all groups.

For mean height, controls (180.0 cm) edged endurance athletes (179.2 cm)

and powerlifters/steroid users. Power lifters/non-steroid users had the lowest

mean height (165.5 cm). Of the four groups, powerlifters/steroid users had

the highest mean weight (100.6 kg) and powerlifters/non-steroid users had

the lowest mean weight (69.30 kg). The statistical significance level

(ANOVA) and post-hoc tests (HSD) among the four groups for height and

weight are presented respectively in Tables 7, 8 and 9.

Table. 7. Physical Characteristics of Subjects. ANOVA

Measurement G1 G2 G3 G4 F Significance

Age (years) 27.7 27.0 28.6 26.8 0.08 .97

(±5.49) (±2.74) (14.51) (±4.51)

Height (cm) 179.6 180.0 173.4 165.5 10.86 .0003*****

(16.01) (16.38) (12.47) (15.12)

Weight (kg) 72.7 74.0 100.6 69.3 26.88 .0001******

(±3.4) (±2.7) (±10.1) (±8.9)

Values are means (±) standard deviations.

= statistical significance at p

= statistical significance at p 0.0001.

55
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The mesomorph somatotype is associated with powerlifters at elite

level of competition, because that somatotype has biomechanical leverage

advantages. Therefore, it was expected that the powerlifters (steroid users

and non-steroid users) in this study would be shorter and heavier than

subjects in the other two groups. The powerlifters/non-steroid users were

only 3.5 percent shorter than the endurance athletes, but they were 38.3

percent heavier than the endurance athletes. The powerlifters/non-steroid

users were the shortest subjects; however, they were also the lightest.

Table 8. Statistical Significance Among All Groups. Height (HSD)

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

0.893

0.035*

0.0001

1.0

0.072

0.0001

1.0

0.018* 1.0

* = statistical significance at p 0.05.

**.*** = statistical significance at p 0.0001.

There are two possible explanations for the difference in mean weight

between the two groups of powerlifters: (a) Weight gain has been associated

with anabolic steroid usage in combination with a high intensity weight

training progiam (Johnson and O'Shea, 1969; and Johnson, Fisher,

Sylvester, and Hofheins, 1972). (b) There was a limited selection of steroid

free elite powerlifters in the study area at the time of data collection. the

powerlifters/non-steroid users participating in the study were lifters in the
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lighter weight classes. The heaviest powerlifter/non-steroid user was a light

heavyweight powerlifter (181 lb. class); the others consisted of two 165

pound lifters, one 148-pound lifter, and two 132-pound lifters.

Table 9. Statistical Significance Among All Groups. Bodyweight (HSD)

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

0.63

0.0001

0.29

1.0

0.0001

0.21

1.0

0.0001 1.0

...... = statistical significance at p < 0.0001.

Heart Structure Analysis Results

Left Ventricular Posterior Wall Thickness

Null hypothesis 1, which predicted no statistically significant

differences in left ventricular posterior wall thickness among endurance

athletes, controls, powerlifters/steroid users, and powerlifters/non-steroid

users, was accepted for diastole (p = 0.06), and systole (p = 0.18).

The powerlifters/steroid users had the highest mean left ventricular

posterior wall thickness at diastole (16.0 mm) and at systole (12.2 mm),

among the groups. These results agree with results reported by Salke et al.

(1985) that showed bodybuilders with a past and current history of anabolic

steroid usage had thicker left ventricular posterior walls during diastole (9.4

mm), as compared to controls (7.9 mm). The difference in the left ventricular



58

posterior wall thickness at diastole between the bodybuilders in the Salke et

al. study and the powerlifters/steroid users in the present study was 70.2

percent.

The powerlifters/steroid users' increased left ventricular posterior wall

thickness during diastole and systole was expected. Average arterial

pressures of 320 mmHg systolic and 250 mmHg diastolic (Fleck and

Kraemer, 1988) and peak arterial pressures of 450 systolic and 310 diastolic

(Salke et al., 1985) have been associated with heavy weight training.

bodybuilders, who generally train to voluntary fatigue, demonstrate lower

peak systolic and diastolic pressures, as compared to powerlifters who train

at near maximal weight. Long-term training against increased arterial

pressures leads to a natural hypertrophy of the left ventricular posterior wall

thickness, a condition which is common among individuals diagnosed as

having extreme hypertension (Snoeckx, Abe ling, Lambregts, Schmitz,

Verstappen, and Renemen, 1982; Burke, Arcilla, Culpepper, Webber,

Chiang, and Berenson, 1987; and Kerber, 1988). Tables 10 and 11 present

the results from HSD statistical analysis of mean' left ventricular posterior

wall thickness at diastole and systole, respectively, among groups.

The HSD post-hoc test indicated a statistically significant difference

between the powerlifters/non-steroid users and the two other athletic groups.

The mean left ventricular posterior wall thickness for powerlifters/steroid

users was 41.8 percent greater than that for the powerlifters/non-steroid

users. The powerlifters/non-steroid users had the smallest mean left

ventricular posterior wall thickness of all four groups. The powerlifters/non-

steroid users' mean left ventricular posterior wall thickness during diastole

was 24.4 percent smaller than the endurance athletes' mean left ventricular

posterior wall thickness. These findings should be considered as additional
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proof of a cardiovascular adaptation associated with the use of anabolic

steroids by powerlifters. Other studies have shown that anabolic steroids

effect factors associated with blood pressures (AGSM, 1984; and Salke et

al., 1985), and that hypertension plays a role in increasing left ventricular

posterior wall thickness as well as overall greater mean arterial pressures

due to higher intensity training. However, the long-term detrimental effects

of increased resistance on the heart of "healthy" athletes have not yet been

identified. As indicated in Table 11, there was a difference in mean left

ventricular posterior wall thickness at systole between powerlifters/steroid

users and controls. The mean left ventricular posterior wall thickness during

systole for the powerlifters/steroid users was 40.3 percent greater than that

for the controls. However, there were no statistically significant differences

identified by the ANOVA among the four groups.

These results partially agree with the results of other studies.

Snoeckx et al. (1982) found that runners and weightlifters demonstrated

increased left ventricular wall thickness, as compared to control subjects,

and that there were statistically significant differences between the

endurance runners and the weightlifters (p<0.05). In the present study, the

powerlifters/steroid users, as compared to the endurance runners, had the

greater mean left ventricular posterior wall thickness during diastole (12.2

mm versus 9.59 mm). Because the weightlifters in the Snoeckx et al. study

were not categorized as powerlifters, bodybuilders, or recreational type

lifters, it is difficult to compare results of that study with those of the present

study.

Another study (Kanakis and Hickson, 1980) involving the effects of

weight training on cardiovascular structure used males with no weight

training experience. The weight training subjects of that study had a left
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ventricular posterior wall thickness at diastole which was 17.3 percent less

than the powerlifters/steroid users' mean group average and 29.2 percent

less than the powerlifters/steroid users' mean group average in the present

study. The percent differences in the left ventricular posterior wall thickness

between weightlifters in the Kanakis-Hickson study and the powerlifters in

the present study can be attributed to the past history of weight training

experience, amount of weight lifters, and the increased arterial pressures

that the heart must work against. Pre-test to post-test results for the

inexperienced weight trainers identified an increase in the left ventricular

posterior wall thickness (diastole) from 7.6 mm to 8.5 mm (11.8 percent) in

ten weeks. A similar study (Ehsani et al., 1978) identified a 7.4 percent

increase in the left ventricular posterior wall thickness in nine weeks of

training. These results (Kanakis and Hickson, 1980; and Ehsani et al., 1978)

demonstrate that the heart will adapt structurally specific to the pressure

demand placed upon it.

Left Ventricular Internal Diameter

Null hypothesis 2, which predicted no statistically significant

differences among in the left ventricular internal diameter at diastole and

systole among endurance athletes, controls, powerlifters/steroid users, and

non-steroid users, was accepted for diastole (p = 0.30), and systole (p =

0.14).
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Table 10. Statistical Significance &mong All Groups.LVPW (4) (HAD)

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

.43

.21

.05*

1.0

.09

.44

1.0

.01** 1.0

*

**

= statistical significance at p 0.05.

= statistical significance at p < 0.01.

Table 11. Statistical Significance Among All Groups. LVPW (s) (HSD1

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

.11

.49

.25

1.0

.05*

.58

1.0

.12 1.0

* = statistical significance at p < 0.05.

The mean left ventricular internal diameter during diastole for

endurance athletes was 6.8 percent greater than that of the controls. The

means among all four groups were within the normal limits of 37.0 mm to

56.0 mm (Feigenbaum, 1981); however, the powerlifters/steroid users and

endurance athletes were at 93.5 percent of the maximal normal limit. The

left ventricular internal diameters at diastole of two powerlifters (one steroid

users and one non-steroid user) and four endurance athletes were equal to

or exceeded the normal range. One control subject also had a left
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ventricular internal diameter at diastole that exceeded the normal limit. No

athletes had left ventricular internal diameters at diastole that were below

the normal limit. Tables 12 and 13 present the results from the HSD

statistical analysis of the mean left ventricular internal diameter at diastole

and systole, respectively, among groups.

The results of the present study are similar to those of the study by

Snoeckx et al. (1982), who found that runners and cyclists had a greater

(11.0 percent) left ventricular internal diameter during diastole than that of

weightlifters. The results of the present study agree with those reported by

Salke et al. (1985), which showed that bodybuilders/steroid users had a

greater (7.4 percent) left ventricular internal diameter at systole, compared to

bodybuilders who were drug free.

Table 12. Statistical Significance Among All Groups. LVID(d) (HSD)

Group G1 G2 G3 Q4

G1

G2

G3

G4

1.0

.22

1.0

.11

1.0

.28

.86

1.0

.17 1.0
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Table 13. Statistical Significance Among All Groups. LVID(s) (HSD)

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

.91

.37

.02*

1.0

.42

.07

1.0

.29 1.0

= statistical significance at p < 0.05.

Inter-Ventricular Septal Thickness

Null hypothesis 3, which predicted no statistically significant

differences in the inter-ventricular septal thickness during systole and

diastole among endurance athletes, controls, powerlifters/steroid users, and

powerlifters/non-steroid users, was rejected for diastole (p = 0.02) and

accepted for systole (p = 0.12).

The powerlifters/steroid users had the greatest mean inter-ventricular

septal thickness during diastole (18.7 mm) and systole (15.4 mm), followed

by the endurance athletes (18.6 mm and 13.1 mm); powerlifters/non-steroid

users (16.5 mm and 11.6 mm); and controls (13.2 mm and 9.0 mm). The

average inter-ventricular septal thickness during systole for all athletes was

above the normal range of 6.0 mm to 11.0 mm for adults, while for controls it

was well within the normal range (Feigenbaum, 1981). Tables 14 and 15

present the results from HSD statistical analysis of the mean inter-ventricular

septal thickness during diastole and systole, respectively, among groups.

The results of the present study agree with the results reported by

Salke et al. (1985), who found that bodybuilders/steroid users had the
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thickest (13.8 mm) inter-ventricular septal wall, as compared to

bodybuilders/non-steroid users (12.4 mm) and controls (9.2 mm). Of

particular interest were the dosages of drugs utilized by the

bodybuilders/steroid users (average oral dose fo 40.6 mg, injectable dose of

350.0 mg), the shorter average of drug cycle (6 - 7) weeks, and training

differences. The conclusion supported by the results of both studies is that

weightlifters, whether they are bodybuilders or powerlifters, with a past

history of anabolic steroid usage, have significantly increased inter-

ventricular septa! wall thickness during diastole and systole, as compared to

controls. In the present study, the difference in mean inter-ventricular septal

thickness during systole between powerlifters/steroid users and controls was

not found to be statistically significant (p = 0.12); however, the mean inter-

ventricular septa! wall thickness of the powerlifteis/steroid users was 71.1

percent greater than that of the control subjects.

Results of the present study were similar to those of a study by

Menapace et al. (1982), who found that championship weightlifters had an

inter-ventricular septa! wall thickness of 13.9 mm and sedentary controls 9.2

mm. The lifters in Menapace et al. study were championship level athletes;

however, the use of anabolic steroids among the subjects was not included

in the research results. Between the two studies, the present study showed

the greater mean inter-ventricular septal wall thickness during diastole and

systole. This result can be attributed to the differences in total peripheral

resistance associated with Olympic lifting and powerlifting.
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Table 14. Statistical Significance Among All Groups. IV(d) (HSD)

Group G1 G2 G3 G4

01

G2

G3

G4

1.0

.02*

.17

.35

1.0

.004***

.18

1.0

.04* 1.0

* = statistical significance at p < 0.05.

*.* = statistical significance at p < 0.005.

Table 15. Statistical Significance Among All Groups. IVS(s) (HSD)

Group G1 G2 3 G4

G1

G2

G3

G4

1.0

.02*

1.0

.30

1.0

.05*

.20

1.0

.39 1.0

* = statistical significance at p < 0.05.

Overall Heart Structure

Marion (1986) reviewed 25 echocardiographic studies on myocardial

structure, involving male athletes. Combining the echocardiographic

findings of the 25 studies, the mean values for the athletes are; left

ventricular posterior wall thickness, 10.7 mm; left ventricular internal

diameter, 53.9 mm, and inter-ventricular septal thickness, 10.4 mm. These

mean values are greater than those for the non-athlete controls. there is
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agreement between these results and the results of the present study

comparing the echocardiographic structural measurements of endurance

athletes, powerlifters/steroid users, and powerlifters/non-steroid users. Both

studies indicate that myocardial structural adaptations do occur in athletes at

varying levels of intensity and competition; however, adaptations are not

identical between individuals and their respective sports.

Table 16 presents the overall heart structural group means and

results of the analysis of variance (ANOVA) statistical technique.

Table 16. Heart Structural Results. ANOVA

Measurement G1 G2 G3 G4 F Significance

LVPW(d) 10.7 9.7 12.2 8.6 2.73 .06

(11.9) (±2.8) (±2.7) (±1.3)

LVPW (s) 15.0 12.2 16.2 13.3 1.73 .18

(±3.2) (13.7) (11.9) (12.6)

LVID(d) 52.3 49.0 52.4 48.5 1.28 .30

(±3.6) (±7.1) (±6.2) (13.2)

LVID(s) 35.5 35.7 33.4 30.6 1.99 .14

(±4.1) (14.7) (15.5) (±2.4)

IVS(d) 13.1 9.0 15.4 11.6 3.65 .02*

(±2.3) (±2.0) (±4.9) (±2.8)

IVS(s) 18.5 13.2 18.6 16.5 2.10 .12

(±4.3) 43.1) (± 5.1) (±1.6)

All measurements are in millimeters.

Values are means (±) standard deviations.

* = statistical significance at p < 0.05.
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Heart Function Analysis Results

Left Ventricular Ejection Time

Null hypothesis 4, which predicted no statistically significant

differences among in the left ventricular ejection time among endurance

athletes, controls, powerlifters/steroid users, and powerlifters/non-steroid

users, was rejected (p = 0.03).

Power lifters/steroid users had the fastest mean left ventricular ejection

time (0.19 seconds) as compared to controls (0.20 seconds),

powerlifters/non-steroid users (0.24 seconds), and endurance athletes (0.26

seconds). Power lifters/steroid users' mean left ventricular ejection time was

27.0 percent faster than that of the endurance athletes. When compared

relative to left ventricular mass, powerlifters/steroid users had the highest

index (2.11 grams/msec.), followed by endurance athletes (1.22

grams/msec.), controls (1.03 grams/msec.) and powerlifters/non-steroid

users (1.01). Table 17 presents the results from the HSD statistical analysis

of the mean left ventricular ejection times among groups.
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Table 17. Statistical Significance Among All Groups. LV ET (H$D)

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

.04*

.008**

.45

1.0

.68

.19

1.0

.07 1.0

* = statistical significance at p < 0.05.

** = statistical significance at p < 0.01.

Left Ventricular Mass

Null hypothesis 5, which predicted no statistically significant

differences among in the left ventricular mass among endurance athletes,

controls, powerlifters/steroid users, and powerlifters/non-steroid users, was

rejected (p = 0.002).

The average left ventricular mass at autopsy is approximately 155

grams in men. In the present study, the powerlifters /steroid users

demonstrated the highest left ventricular mass, with a group average of

402.0 grams as compared to endurance athletes (317.5 grams),

powerlifters/non - steroid users (242.5 grams), and controls (206.6 grams).

These group means are generally greater than those reported by Rubal et

al. (1986) for pentathletes (254.0 grams) and controls (179.0 grams). The

average left ventricular mass (Rubal et al) was less than the average for

endurance athletes (20.0 percent) and powerlifters/steroid users (26.9

percent), but greater than the average for powerlifters/non-steroid users (1.0

percent), in the present study. Rubal et al. reported that the average left
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ventricular mass of the pentathletes was 42.0 percent greater than that of the

controls. In the present study, the average left ventricular mass for the

endurance athletes was 53.6 percent greater than that of controls;

powerlifters/steroid users, 94.5 percent greater; and powerlifters/non-steroid

users, 17.3 percent greater. These results agree with those reported by

Snoeckx et al. (1982), which showed that the average left ventricular mass

for long distance runners (approximately 260.0 grams) and cycle racers

(approximately 300.0 grams) was greater than that for lifters (22.0 grams).

The lifters in the present study were Olympic lifters; generally the more

dynamic type of training associated with Olympic lifting dictates a lower

afterload. Table 18 presents results from the HSD statistical analysis of the

average left ventricular mass among groups.

The concern regarding increased left ventricular mass is that, when

hypertrophy of a ventricle reaches a critical point (3.5 g/kg), ectopic impulses

seem to be more prevalent, possibly predisposing the athlete to ventricular

arrhythmias. There is much controversy regarding the incidence of sudden

death and increased pre-ventricular beats; however, athletes would be at

greater risk of sudden death.

Pathologic studies have attempted to identify a specific maximum left

ventricular mass that may separate physiologic from pathologic left

ventricular hypertrophy. Linzbach (cited in Messer li, 1983) mentioned 300.0

grams and Ehsani et al. (1978) mentioned 3.5 grams per kilogram of

bodyweight as the critical maximum limit for the left ventricle. A total of

twelve athletes (3 powerlifters and 9 endurance athletes) were above the

300.0 gram critical limit; two of which (powerlifters/steroid users) were

above 500.0 grams; and 18 athletes (12 endurance, 2 powerlifters/steroid
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users , and 4 powerlifters/non-steroid users) would have exceeded the

critical limit based on a relative basis.

Physiologically, there must be a maximum limit for the left ventricular

mass, but not on an absolute basis. Heart sizes vary with body type and

weight. For example, a lightweight athlete with normal heart size would be

much more trainable before approaching a physiological limit. than would a

heavier weight athlete. Therefore, a critical limit exists, however; medical

professionals have yet to determine such a limit for athletes.

Table 18. Statistcial Significance Among All Groups. LV Mass (HSD)

Group G1 G2 G3 G4

G1

G2

G3

G4

1.0

.01**

.04*

.05*

1.0

.001****

.47

1.0

.002*** 1.0

*

**

***

= statistical significance at p < 0.05.

= statistical significance at p < 0.01.

= statistical significance at p < 0.005.

= statistical significance at p < 0.001.

Mean Ventricular Contractile Force

Null hypothesis 7, which predicted no statistically significant

differences in the mean ventricular contractile foice among endurance

athletes, controls, powerlifters/steroid users, and powerlifters/non-steroid

users was rejected (p = 0.0013).
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Power lifters/steroid users had the the slowest mean rate of ejection

(1.92 circumferences/second), followed by powerlifters/non-steroid users (

1.45 circumferences/second), controls ( 1.28 circumferences/second), and

endurance athletes ( 1.26 circumferences/second). The powerlifters/steroid

users had a mean mVcf that was 52.3 percent slower than that of the

endurance athletes. Table 19 presents the results from the HSD statistical

analysis of the mean ventricular contractile force among the groups.

The hypertrophied left ventricle has been reported to have an altered

contractile ability, with a decreased maximum and mean rate of shortening

(Raskoff et al., 1976). The mVcf results for powerlifters/steroid users in the

present study indicate that, measured under resting conditions, a

hypertrophied left ventricle does not have an altered contractile ability.

Table 19. Statistcial Significance Among All Groups. mVcf (HSD)

Group G1 G2 G4

G1

G2

G3

G4

1.0

.89

.0001******

.23

1.0

.002***

.42

1.0

.005*** 1.0

*** = statistical significance at p 0.005.

= statistical significance at p < 0.0001.

Percent Fractional Shortening

Null hypothesis 8, which predicted no statistically significant

differences in the percent fractional shortening among endurance athletes,
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controls, powerlifters/steroid users, and powerlifters/non-steroid users, was

rejected (p = 0.05).

Power lifters/steroid users had the greatest percent fractional

shortening (0.36 percent), followed by powerlifters/non-steroid users (0.34

percent), endurance athletes (0.32 percent), and controls (0.26 percent).

Table 20 presents the results from the HSD statistical analysis of the mean

percent fractional shortening among the groups.

Previous research (Lusiani, Ronsisvalle, Bonanome, Visona,

Castellani, Macchia, and Pagnan, 1986) has found that percent fractional

shortening is increased in athletes, as compared to sedentary controls,

according to the type of sport. However, that research indicated that

endurance athletes had the greatest percent fractional shortening.

Table 20. Statistical Significance Among All Groups. Fx (HSD)

Group G1 G2 G3 G4

G1 1.0

G2 .07 1.0

G3 .14 .01** 1.0

G4 .38 .02* .59 1.0

* = statistical significance at p 0.05.

** = statistical significance at p < 0.01.

Overall Heart Function

Table 21 presents the heart functional group means and results of the

analysis of variance (ANOVA) statistical technique.
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Tabb4 21. Heart Functional Results. ANOVA

F SignificanceMeasurement G1 G2 G3 G4

LV ET .26 .20 .19 .24

(seconds) (±.05) (±.03) (±.04) (±.02)

3.42 .03*

LV mass 317.5 206.7 402.0 242.5

(grams) (±37.1) (±55.5)(±142.2) (±70.2)

mVcf 1.26 1.28 1.92 1.42

(circ/s) (±.28) (±.19) (±.34) (±.18)

6.50

7.59

.002***

.001****

Fx 0.32 0.26 0.36 0.34 2.88 .05*

( %) ( ±,05) (±.05) (±.05) ( ±.04)

* = statistical significance at p < 0.05.

*** = statistical significance at p < 0.005.
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CHAPTER FIVE

CONCLUSIONS, RECOMMENDATIONS, AND SUMMARY

There have been numerous studies (Marion, 1986; Shapiro, 1984;

Menapace, Hammer, Kessler, Ritzer, Bove, Warner, and Spann, 1977;

Fagard et al., 1984; and Shapiro and Smith, 1983) pertaining to the effects

of various training effects on cardiovascular structure and function. Previous

studies have investigated endurance athletes, but none have investigated

the effects of training on long-term, high caliber powerlifters and endurance

athletes. The purpose of the present study was to compare cardiovascular

structure and function as measured by echocardiographic techniques

among four groups: endurance athletes (G1), controls (G2),

powerlifters/steroid users (G3), and powerlifters/non-steroid users (G4). This

study provided an opportunity to compare cardiovascular structural and

functional adaptations between powerlifters who had a past and present

history of anabolic steroid use and lifetime steroid drug-free powerlifters,

endurance athletes, and sedentary college students (controls). The subjects

in the study were 27 males, ages 20 to 38.

Conclusions

The research results indicate that there were no statistically significant

differences (ANOVA) in heart structure among the four groups, pertaining to:

left ventricular posterior wall thickness during diastole (p = 0.06) and systole

(p = 0.18), left ventricular internal diameter during diastole (p = 0.30) and

systole (p = 0.14), and left ventricular inter-ventricular septal thickness
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during systole (p = 0.12). However, a statistically significant difference

(ANOVA) was found among groups in left ventricular inter-ventricular septa!

thickness during diastole (p = 0.02).

Statistically significant difference (ANOVA) in heart function among

the four groups were found in among the four groups was found in: left

ventricular ejection time (p = 0.03), left ventricular mass (p = 0.002), mean

ventricular contractile force (p = 0.0013), and percent fractional shortening (p

= 0.05).

A Tukey's HSD post-hoc test was run on all parameters (functional

and structural) regardless of the level of significance identified by the

ANOVA statistical technique.

Heart Structure

Although only one of the heart structure parameters, i.e., IVS(d),

attained a statistically significant difference (ANOVA) among the groups, one

can see from the results that the powerlifters/steroid users were distinctly

different from the controls in all structure parameters.

The study demonstrated via echocardiographic examination of the left

ventricle that heart structure adaptations in athletes were in accordance with

those expected due to hemodynamics (afterload versus preload) associated

with high level endurance or powerlifting training and competition. For

example, endurance training of cyclists and runners is primarily an isotonic

exercise, with a hemodynamic stress placed on the heart. The heart's

natural adaptation is to increase the amount of blood that is ejected with

each contraction of the left ventricle. On the other hand, powerlifting at the

elite level is essentially an isometric form of exercise, with tremendous
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pressure on the heart due to the increased total peripheral resistance that it

must work against. The heart's natural adaptation against the increased

pressure is an increase in the left ventricular posterior wall and inter-

ventricular septum. This allows for a greater muscle mass to help eject the

blood out into the aorta and systemic circulation. Power lifters/steroid users

in the study demonstrated this adaptation, having the thickest left ventricular

posterior wall and inter-ventricular septum, as compared among the four

groups.

Based on results of other studies (Fagard et al., 1984; Bekaert,

Pannier, Weghe, Van Durme, Clemment, and Pannier 1981; and Nishimura,

Yamada, and Kawai, 1980), the endurance athletes were expected to

demonstrate the greatest left ventricular internal diameter, as compared

among the four groups. However, powerlifters/steroid users demonstrated

the greatest left ventricular internal diameter during diastole, and the

controls demonstrated the greatest left ventricular internal diameter during

systole. Further investigation of past exercise histories of all subjects might

have offered a possible explanation as to why the endurance athletes did

not demonstrate the greatest left ventricle internal diameters.

Results of the present study cannot be precisely compared to results

of previous studies. There are differences in age, initial cardiac structure,

past experience, frequency of training, intensity of training, duration of

training, and level of competition of the individual (Marion, 1986). These

differences, as well as variable individual responses to intense exercise,

limits generalization of the results of the study. However, the results of this

investigation are similar to those of studies investigating heart structure and

heart adaptation to specific sports.
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Heart Function.

Heart functional parameters attained statistical significance among all

groups: left ventricular ejection time (p = 0.03), left ventricular mass (p =

0.02), mean ventricular contractile force (p = 0.0013), and percent fractional

shortening (p = 0.05).

Among the four groups, powerlifters/steroid users had the fastest left

ventricular ejection time, greatest left ventricular mass, highest mean

ventricular contractile force, and lowest percent fractional shortening. It is

interesting that this group, which trains statically, would have the fastest time

parameters, considering the mass (relative and absolute) of the left ventricle.

Relative to time and left ventricular mass, the powerlifters/steroid users were

able to move the greatest amount of mass, to a greater extent (mVcf and Fx),

in a shorter time period, against increased systemic pressures. Neurological

adaptations that are sport specific might account for these results.

Since heart functional parameters measured were at rest, there would

appear to be no negative effects of anabolic steroids on heart function in

powerlifters. However, there are studies (Jost, Weib, and Weicker, 1989;

and Lehmann and Keul, 1986) that have identified altered heart function

(heart rates) in athletes due to different types of training, and adaptations of

basal activity of the autonomic system. Those studies report a significantly

lower basal plasma norepinephrine concentration and a significantly lower

norepinephrine-to-epinephrine ratio, which resulted in lower B-receptor

density and a higher a2-receptor sensitivity in the endurance trained

subjects. Therefore, compared to the endurance subjects, weightlifters

would demonstrate higher heart rates, which possibly would influence the

functional results.
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One would have expected powerlifters/steroid users to have

decreased ventricular ejection time, mean ventricular contractile force, and

percent fractional shortening. However, the results of the study present

study did not support this. Higher blood pressures caused by reduced

baroreceptor sensitivity, in addition to the effects'of the anabolic steroids,

might have contributed to the faster functional times of heart parameters of

the powerlifters/steroid users group (Kerr, 1982).

A multiple correlation for all variables indicated that

powerlifters/steroid users had a high correlation for percent fractional

shortening and; age (.863); inter-ventricular septal thickness during diastole

(.824); and inter-ventricular septal thickness during systole (.968). A high

correlation was also found between left ventricular mass and left ventricular

ejection time (.960).

Endurance athletes had a low correlation for percent fractional

shortening and: age (.03); inter-ventricular septa! thickness during diastole

(.056); and inter-ventricular septa! thickness during systole (.056). The

highest correlation for the endurance athletes was between left ventricular

mass and inter-ventricular septal thickness during diastole (.551).

For the powerlifters/non-steroid users, there was a high correlation

between left ventricular mass and inter-ventricular septal thickness during

diastole (.919). A high correlation was found between percent fractional

shortening and: left ventricular posterior wall thickness during systole (.816);

inter-ventricular septal thickness during diastole (.921); and left ventricular

mass (.859). A strong negative correlation for powerlifters/non-steroid users

was found between left ventricular ejection time and the left ventricular

internal diameter during systole (-.872).
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Recommendations

On the basis of the results of this research, the following

recommendations for future research should be considered:

1. A similar study using a larger number of subjects in the powerlifter

(steroid users and non-steroid users) and endurance groups.

2. A follow-up study matching the body weights between

powerlifters/steroid users and powerlifters/non-steroid users. In this study,

selection of subjects for the powerlifters/non-steroid users group was limited

(by availability in the area) to lifters in the lighter weight classes. Having

both groups consist of subjects in similar weight classes would make them

more equivalent.

3. An echocardiographic study on heart structure and function

between powerlifters (steroid users and non-steroid users) and endurance

athletes, in which sport specific pre-exercise and post-exercise heart

structure and function are measured and compared.

4. A longitudinal study of powerlifters (steroid users and non-steroid

users) and endurance athletes to determine the extent of myocardial.

adaptation associated with different levels of competition.

Another recommendation would be the utilization of a MRI imager to

determine myocardial density differences on heart structural and functional

parameters.

Summary

The results of this study support the theory that sport-specific

cardiovascular adaptations can and do occur. All subjects, however, did not
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exhibit the expected adaptations. The informatiOn generated by this study is

useful to medical professionals, as it pertains to the effects of long-term high-

intensity, sport specific training on cardiovascular structure and function.

Consideration of the echocardiographic results would help to identify either

concentric or eccentric hypertrophy and to distinguish between the athlete's

heart and a pathological disorder.

Previous studies have set physiological maximum values for

structural and physiological parameters. Athletes participating in the present

study surpassed these values, yet they had been diagnosed as "healthy".

The implications are that:

1. An athlete's physician should completely evaluate the past history

of athletic participation, hemodynamics associated with the training of the

respective sport of the individual, and caliber of the athlete. This study

should aid a physician in estimating the cardiovascular structural and

functional adaptations associated with powerlifters (steroid users and non-

steroid users) and endurance athletes.

2. Researchers must continue to identify cardiovascular and

physiological adaptations, and attempt to verify the limits of human

physiological development and heart function performance.

3. For the college coach, the data generated by the study can be

used to deter athletes from anabolic steroid usage. The results clearly show

that anabolic steroids clearly affected the cardiovascular structure and

function, as well as weight, of the powerlifters who used them continuously,

to enhance abilities.
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APPENDIX A

Advertisement For Subjects

Oregon State University

"RESEARCH WITH ELITE ATHLETES"
POWERLIFTERS AND ENDURANCE ATHLETES

"MYOCARDIAL STRUCTURE AND FUNCTION DIFFERENCES BETWEEN
STEROID USING AND NON-STEROID USING ELITE

POWERLIFTERS AND ENDURANCE ATHLETES"

Purpose of the Study: This doctoral research is designed to investigate the
long term training effects of powerlifting (steroid users and non-steroid
users)and endurance athletes.

Description of Subjects: Male athletes, powerlifters and cyclists who are 20
to 38 years of age.

Methods and Procedures: All subjects will consent to a M-mode
echocardiograph (non-invasive, non-nuclear, and non-radiographic). In
addition, endurance athletes will do a standard 12 lead subject limited stress
test to evaluate maximal oxygen consumption (V02 max).

Responsibility of Subjects: All subjects (powerlifters, endurance, and
controls) will consent and undergo an M-mode echocardiograph, endurance
subjects will also be tested for VO2 max.

Advantages of Being A Subject: Echocardiographs are a non-invasive
evaluation of heart structure and function, evaluation will be done by the
Director of Cardio-Pulmonary and a Cardiologist. This type of test is fairly
expensive ($140.00) and not readily available to anyone. Endurance
subjects will also be tested for maximal oxygen consumption, using gas
analyzers that are computer interfaced, valued at $200.00.

GOV., NONE

ALL INFORMATION IS KEPT IN COMPLETE CONFIQENTIALITY

For further information regarding this research, feel free to contact:
MIKE CLIMSTEIN, Ph.D. Candidate Exercise Physiology
Langton Hall
Human Performance Laboratory
Oregon State University
(Office) 737-3221, 737-3222
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Risks and Benefits of Research Project

RESEARCH PROJECT

MYOCARDIAL STRUCTURE AND FUNCTION DIFFERENCES
BETWEEN STEROID USING AND NON-STEROID USING ELITE

POWERLIFTERS AND ENDURANCE ATHLETES

Benefits to Subjects

Subjects who participate in this study will receive the following
benefits:

1. Free short axis, M-mode echocardiograph of the heart. This includes
analysis either directly or mathematically of:

* Inter-ventricular septa! wall thickness.
* Left ventricular posterior wall thickness and function.
* Right ventricular wall thickness and function.
* Valvular function.

2. For endurance subjects, a free maximal oxygen consumption test, utilizing
the latest in computerized technology. This will determine VO2max, heart
rate max, and anaerobic threshold.

3. All subjects will be offered a free hydrostatic weighing (the most accurate
assessment of percent body fat).

4. Free lung function analysis consisting of total lung capacity, FEV 0.5, FEV
1.0, FEV 3.0, and residual volume.

5. Total cholesterol levels (mg /dl) by use of a Reflotron counter top unit
(requires only a pick of the finger).
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Potential Risks to Subjepts

Subjects who participate in this study have the following potential
risks:

"Echocardiography"

There Is no risk Involved in the use of ultrasound. One of the
principal reasons for the popularity of echocardiography is that the
examination poses no hazard to the subject. Ultrasound (echocardiography)
examinations have been conducted on such sensitive tissues as a pregnant
uterus and the eye without report of a single untoward reaction (Feigenbaum,
1981). The transducer is required to maintain an airless (direct) contact with
the skin surface; therefore, an individual may experience a noticeable, but
non-harmful heat sensation during the examination. All tests will be
conducted by the director of the Cardio-Pulmonary Unit at Good Samaritan
Hospital.

"Maximal Oxygen Consumption"

There is a minimal risk associated with a graded exercise test to determine
an individuals VO2 max. The risk is approximately one death per 10,000
tests (American College of Sports Medicine, 1986). All tests will be
conducted in the Human Performance Laboratory, Oregon State University,
in the presence of an advanced cardiac life support (ACLS) certified nurse
and with other American College of Sports Medicine certified personnel.



APPENDIX C

Informed Consent and Waiver

MYOCARDIAL STRUCTURE AND FUNCTION DIFFERENCES
BETWEEN STEROID USING AND NON-STEROID USING ELITE

POWERLIFTERS AND ENDURANCE ATHLETES

I , state as follows, .

1. That I have been informed and fully understand that the Oregon State
University Human Performance Laboratory and Mike Climstein and/or
Oregon State University are conducting experiments regarding physiological
parameters measured by echocardiography and open circuit spirometery
(endurance athletes); and

2. That I have been informed and fully understand the purpose and nature of
the experimental measurements to which I have submitted and am about to
submit as well as the potential risks involved in such experiments, all of
which have been explained to my entire satisfaction by Mike Climstein, who
is a doctoral candidate in exercise physiology; and

3. That I have been informed and fully understand that I may withdraw from
the experimental project at any time, without penalty, and that the results of
the said project may be published (but at no time will my anonymity be
violated without my express written consent) and that if I am a control subject
that begins participation in any regular aerobic or resistance type of activities
or programs, I will automatically be withdrawn from the research project; and

4. That with full knowledge and understanding of the procedures and risks as
described in paragraphs 1 - 3 above, I freely and willingly consent to
participate in this study "Myocardial Structure and Function Differences
Between Steroid Using and Non-Steroid Using Elite Power lifters and
Endurance Athletes"; and

5. That being fully informed of the potential risks, I freely assume any and all
risks arising out of my participation in this study, and hereby release and
forever discharge from any liability of whatsoever nature those persons and
organizations set forth in paragraph 1, and all of their agents, representatives
of said individuals, or organizations, their successors and assigns,

IN WITNESS WHEREOF I have set my hand to this INFORMED CONSENT
and WAIVER, at CORVALLIS, OREGON, this day of , 1989.

PARTICIPANT WITNESS 1 WITNESS 2
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APPENDIX D

Subject Information

PERSONAL INFORMATION
Name Age
Code Number:
Height (cm) Weight (kg)
Home Phone
Work Phone
Experimental Group

ATHLETIC HISTORY- ENDURANCE ATHLETES
VO2 max (ml kg-1 min-1)
Years training endurance
Years competing endurance
Years/months training weights
COMMENTS:

Occupation

ATHLETIC HISTORY- POWERLIFTERS
Total (Ibs) x Bwt
Years weight training
Years competing lifting
Years/months training endurance
Steroid User (yrs usage)
If so, list type, quantities (ranges), cycle length, and average cycles.
Average cycle length weeks.
Average cycles per year
Time off between cycles

Orals used
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
COMMENTS:

Injectables
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Drug Regime Form

Individual Power lifters Drug Usage and Specifics.

Subject
1.

Experience
5.5

Drug(s) Range
Anavar 1 - 2 tabs/day
D-Ball 3 - 5 tabs/day
Primobolin Acetate 2 4. tabs/day
Test. Cypionate 1.5 cc/week
Parabolin
Finaject
Winstrol-V
Deca
Primobolin
Equipose
Sustanon

Comments:
Individual has used anabolic steroids

consecutive years. The longest period was
is 12 weeks on.

2. 5 D-Ball
Halotestin
Anavar
Anadrol-50
Durabolin
Methyl Test.
Test. Cypionate
Finaject
Parabolin
Sustanon
Inj. D-Ball
Winstrol
Equipose
Stenediol
Deca

1.5 cc/week
3.5 cc/week
3 cc/week
1 - 2 cc/week
1 - 2 cc/week
3 cc/week
1 cc (once used)

for the last five and a half
six months, shortest and average

5 - 10 tabs/day
3 - 4 tabs/day
15 - 28 tabs/day
4 -7 tabs/day
4 cc /week
40 tabs/day last 2 weeks
1.5 - 8 cc./week
3 - 6 cc/week
1.5 - 4.5/week
3cc/week
3 - 9 cc/week
3 - 9 cc/week
3 - 9 cc/week
4 cc/week
4 - 6 cc/week

Test. Suspension 3ce/heavy day, last
2 weeks of training

Comments:
Subject has used anabolic steroids for the last five consecutive years,

cycles range from 12 to 15 week on, then eight weeks off. Subject is 511",
and trains 20 pounds above weight class.
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3. 6 Anavar 5 tabs/day

D-Ball 5 tabs/day
Anadrol-50 .5 to 1 tab/day
Methyl Test. 15 tabs/day
Test. Cypionate 1 4 cc/week
Test. Propionate 1 - 4 cc/week
Parabolin 1.5 cc/week
Finaject 1 cc/week
Winstrol 1.5 cc/week
Deca 2 - 4 cc/week

Comments:
Subject has used anabolic steroids for six consecutive years. Cycles

consist of four week initially on, two weeks off, then eight to ten back on for
the meet. Cypionate and propionate are used interchangeably, depending
on availability.

4. 4.5 Anavar 5 tabs/day
D-Ball 3 - 12/day
Anadrol-50 1 tab/day
Test. Cypionate 1 - 4 cc/week
Parabolin 3cc/week
Finaject 4 - 9cc/week
Deca 2 - 4cc/week
Sustanon 4cc /week
Stenediol 2cc/week
Test. Suspension 3 - 10cc/week

Comments:
Subjects has used anabolic steroids consistently for the last 4.5 years,

with a change in bodyweight from 198 to 262. Competitive weight is 242 lb.
class. Cycles range from 6 to 14 weeks, average is 12 weeks.

5. 5.25 Anadrol-50 2 - 5 tabs/day
Anavar 2 - 4 tabs/day
D-Ball 5 - 8 tabs/day
Halotestin 2 - 4 tabs/day
Primobolin acetate 2 - 4 tabs/day
Test. Cypionate 1 - 2 cc/week
Parabolin 1.5 cc/week
Winstrol-V 2 - 3 cc/week
Deca 2 - 4 cc/week
Equipose 3 cc/week

Comments:
Individual has used anabolic steroids for the last 5.5 years, with

cycles lasting from seven to 14 weeks. Subject trains 15 pounds above
weight class.
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Control Affidavit

I hereby state that I have not participated in any
recreational or sport type activities, especially weight training or
cardiorespiratory activities during the last four years, and I will not participate
during the research period. I understand that my non-active lifestyle, and
present cardiac structure and function, is being used in comparison to
powerlifters, both steroid and non-steroid users, and endurance athletes.

It has been explained that these different types of athletes, due to their long-
term training, have cardiovascular adaptations, both structurally and
functionally, associated with their respective sports. The purpose of my
participation is to establish normal structure and function values to which the
athletes will be compared to.

I will receive the same echocardiographic examination as the athletes, as
well as the additional physiological health assessments (cholesterol and
hydrostatic weighing) and also allow my results to be useg in a y additional
research the investigators might have use for.

IN WITNESS WHEREOF, I have set my hand to this Control Affidavit at
Oregon, this day of , 1989.

Participant Witness

Witness



APPENDIX G

Endurance Subject's Termination Points

Subject 'O2 (ml kg-1 min-1) Heart Rate (bpm)

1. 66.58 167.0

2. 59.57 174.0

3. 59.71 188.0

4. 72.28 188.0

5. 70.47 187.0

6. NA* NA*

7. 66.02 181.0

8. 66.05 185.0

9. 66.74 196.0

10. 73.15 185.0

11. 68.85 194.0
12. 69.07 189.0

Mean 67.14 184.91

S. D= ±4.42 ±8.37
* Subject was unable to complete \./02 max at required time.
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APPENDIX H

Freeland Medical Example Report

Patient Name: Age: HR (Rest):
Patient ID: Height: BP (Rest):
Study Date : 8/15/89 Weight: Tape #:
Referring Dr: BSA: Disk #:

Left Heart Measurements

LVPW thickness IVS/LVPW
Diastole 1.3cm Diastole 1.20
Systole 1.6cm Systole 1.00
%Change 23.1 %Change 16.67

LV diameter LV PEP 0.122 sec
Diastole 4.9cm
Systole 3.3cm LV ET 0.180 sec
% change 33.3

LV PEP/LV ET 0.68
IVS Thickness

Diastole 1.5cm
Systole 1.6cm
% change 7.7

mVcf 1.8141

sf .3265

LV Mass 357.1
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