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The effects of bicycle exercise on specific anthropometric and

physiological measures were observed in two test subjects (Si and S2)

over a twelve week exercise period. The two subjects, one male (S1)

and one female (S2) participated in a graduated bicycle exercise pro-

gram. Body weight, body measurements, circulatory function tests,

blood chemistry measurements, and pulmonary ventilation tests were

the criterion measures utilized in this study. The measurements

were taken on a pre- and post-test basis. Baseline measurements

taken prior to the initiation of the exercise program were compared

to subsequent measurements taken upon completion of the program.

The following results were observed and attributed to the sub-

jects' involvement in the exercise program:

A. There was no appreciable change in body weight in either

subject.



B. There was a slight decrease in body measurements, particu-

larly in the area of the abdomen, and thighs.

C. There was a marked decrease in the resting heart rate of

both subjects.

D. There was a marked decrease in working heart rates of both

subjects as demonstrated by the treadmill stress test.

E. S1 showed no change in resting blood pressure measure-

ments, while S2 showed a decrease.

F. There were no consistent results obtained on working blood

pressure measurements.

G. There was a marked decrease in the recovery heart rate of

S2. Results were not obtained on Si.

H. There was a decrease in twelve hour fasting serum choles-

terol levels in both subjects.

I. There was a slight increase in twelve hour fasting triglycer-

ide levels in both subjects.

J. S1 showed a slight increase in pulmonary ventilation, while

S2 showed an overall decrease.
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THE EFFECTS OF BICYCLING ON SPECIFIC ANTHROPOMETRIC
AND PHYSIOLOGICAL MEASURES: TWO CASE STUDIES

I. INTRODUCTION

In most progressive nations, with increasing technological ad-

vances, man has become a relatively sedentary being. Relying on

machines to do his work and expending little energy in his daily

activities, modern man has profoundly altered his internal physiology.

Vessels harden early in life with the insidious build up of atherosclero-

tic plaques. Blood pressure rises as the arteries become constricted.

The heart must work harder to pump the blood through these narrowing

vessels to the ever increasing body mass, thus increasing the heart

rate. Due to this sedentary state, man accumulates potential, unused

energy in the form of adipose tissue, thus subjecting the body to further

physiological alteration. This accumulating fat, if left unchecked, can

eventually crowd the working muscles of the diaphragm and diminish

ventilatory capacity.

Origins of the Problem

Concurrent with a reduction in requirements for physical activity

in modern living there has been an increase in death and disability

from cardiovascular disease (20). It is the physiological changes

which this sedentary state brings about that are being implicated in the



2

etiology of these degenerative diseases, particularly coronary artery

disease associated with arterial atherosclerosis. It was Morris and

Associates (1953) who first demonstrated this association when they

found that London bus drivers had a much higher incidence of and

death rate from myocardial infarction than bus conductors (46). They

attributed the relative immunity of the conductors to their physical

activity in repeatedly climbing the stairs on double-decker buses to

collect fares.

Need for this Study

Although the accumulating information suggests that an increase

in physical activity will lead to better cardiovascular health and its

maintenance, many researchers (20, 63) feel it desirable to obtain

further information in this area. According to Fox and Haskell (1966),

Although many persons feel more capable of increased total
performance if they retain some physical activity in their
routine schedule, we are not aware of any objective measure
supporting this subjective impression (19, p. 89).

Some indication as to the effects of exercise on total performance

can be obtained by observing the effects: of a program of physical exer-

cise on specific physiological parameters related to cardiovascular

health.

According to Cureton (14) and others (19, 20), a physical activity

program that involves a substantial and sustained increase in metabolic,
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cardiovascular, and respiratory function appears to be necessary for

cardio-respiratory adaptations to occur in previously sedentary in-

dividuals. It is the opinion of this researcher that activities should

be selected in which the individual finds an element of pleasure to

insure continued involvement on behalf of the participant. Cognizant

of the fact that many studies involve unrealistic programs of physical

activity, bicycling was chosen as the form of exercise to be used in

this study. Bicycling, being more readily adaptable to the average

person's daily routine, may prove to be a beneficial tool in the pro-

motion and maintenance of healthful living and a deterent to the

encroachment of the degenerative diseases discussed earlier. The

increase in bicycle paths throughout the country demonstrates the

interest that is being generated in bicycling as a form of recreation.

"The idea of riding a bicycle is no longer a cause for raised eyebrows

and it may even become an 'in' mode of travel" (19, p. 91).

Statement of the Problem

The purpose of this study is to observe the effects of a twelve

week bicycle exercise period on specific anthropometric and physio-

logical measures. Body measurements, circulatory function, blood

chemistry, and pulmonary ventilation will be evaluated on a pre- and

post-test basis: baseline measurements will be taken prior to the

exercise period and compared to measurements taken after twelve

weeks of exercise.
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It is the intent of this study to demonstrate the value of bicycling

as a valid program of exercise through the observation of the fore-

mentioned parameters and the effects of bicycling upon them.

Limitations of this Study

Because of the time and cost involved with individual testing

and the difficulty in obtaining a large number of individuals willing to

subject themselves to a routine program of physical exercise, only

two test subjects were selected for this study. Therefore, generaliza-

tions will not be made, and inferences will not be drawn as to the

probability of similar conditions resulting in the general population.

Rather, this research will be carried out as a "case study."

Though not allowing generalizations to be made, the case study

method does permit one to examine extensively the changes in an

individual and report them (23).

1. This study is limited in number of test subjects.

2. This study is limited in the number of tests run on each

subject. Time and cost were limiting factors in the number

of tests that could be run on each subject.

Basic Assumptions

The exercise period will be of sufficient duration and intensity

to show improvements in the following a.nthropometric and physiological
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measures chosen for this study:

1. Improvements in anthropometric measures demonstrated

by loss of excess weight and reduction of excess body

measurements.

2. Improvement in circulatory function demonstrated by

comparison of pre- and post-exercise treadmill stress

tests and resting pulse and blood pressure measurements.

3. Improvements in blood chemistry demonstrated by analysis

of pre- and post-exercise total serum cholesterol and tri-

glyceride levels.

4. Improvement in respiratory capacity demonstrated by

comparison of pre- and post-exercise respiratory efforts

calculated through the use of modern spirometric techniques.

Definition of Terms

Pulse: The distention of the arterial walls by the systolic ejec-

tion of blood which travels down the arteries as a wave,

Blood Pressure: The highest level to which the arterial blood

pressure rises following the systolic ejection of blood from the left

ventricle.

Diastolic Pressure: The lowest level to which the arterial blood

pressure falls in the interval between successive heart beats.
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Stroke Volume: The volume of blood ejected by each ventricle

of the heart during a single systole.

Atherosclerosis: The accumulation of cholesterol-filled de-

posits in the walls of the arteries, characterized by a loss of elasticity

and a subsequent narrowing of the vessel.

Angina Pectoris: A spasmodic or suffocating chest pain typically

situated in the middle of the chest under the sternum. It has a

squeezing or pressing quality.

Myocardial Infarction: Heart muscle damage, resulting in acute

death of tissue due to an insufficient flow of blood to the tissue. This

is most often due to the presence of a thrombus in one of the larger

coronary arteries.

Hyperlipidemia: A nonspecific term for alI conditions in which

one or more lipid constituents are present in abnormally high concen-

trations.

Electrocardiograph: An instrument that amplifies and records

the electrical changes resulting from the spread of the cardiac im-

pulse in the heart.

Forced Vital Capacity (FVC): The maximal amount of air that

can be expelled from the lungs following a maximal inspiration. The

expiration is as forceful as possible.
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Forced Expiratory Volume for One Second (FEV1): The volume

of air exhaled over a given time interval during the performance of a

forced vital capacity, in this case for the first second.

Forced Expiratory Flow (FEF200_1200): The rate of flow of air

for a specified portion of the forced expiratory volume between 200 cc

and 1200 cc.

Forced Midexpiratory flow (FEF ): The rate of flow during25-75%

the middle half of the forced expiratory volume.

Spirography: Closed circuit spirometry is the simplest and

most practical means, of measuring and recording respiratory volumes

and gas exchanges (8). The technique involves rebreathing, or ex-

haling, into an inverted, counter-weighted, water-sealed container

with a pen arranged to record its movements. The container is bell-

shaped and normally holds from nine to ten liters of air.
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II. REVIEW OF RELATED LITERATURE

Literature Concerning Circulatory Function

Although a strong and supple heart muscle is the major factor

in maintaining an optimal circulation in the human body (63), many

factors are being implicated in relation to its deterioration with lack

of exercise being only one factor. The effect of exercise on heart

and circulation and the relation of cardiac impairment to lack of

exercise, has been under study for quite some time. Although many

researchers (20, 11) do not consider a causal relationship has been

conclusively established, some studies do suggest that physical

inactivity may indeed be one of possibly many factors involved in the

increasing prominence of coronary heart disease.

The classic study by Morris and Associates (1953), initiating

epidemeologic investigation of large populations, was one of the first

to indicate a possible relationship between lack of exercise and in-

creased incidence of myocardial infarction (46). The study was based

on the investigation of 31,000 London Transport employees aged 35 to

64. It was observed that the age-adjusted incidence rate of myocar-

dial infarction was higher in bus drivers than among conductors, who

would repeatedly climb the stairs of the double-decked buses to

collect fares. Myocardial infarction appeared at a younger age among

drivers. It was presumed, but not established, that the conductors
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were physically more active than the drivers (20); thus the conclusion

reached was that a causal relationship exists between lack of exercise

and the increased incidence of myocardial infarction.

Another part of the study by Morris involved observations on

postal workers. In this part of the study sedentary postal clerks were

compared with postmen, who walked most of the day. It was shown

that the less active postal workers had twice the age-corrected death

rate from myocardial infarction in the first three months after an

episode than that among the postmen; indicating that the more seden-

tary individuals were more likely to die from an incidence of myocar-

dial infarction than those who were more active.

Though the observations made do suggest a causal relationship

between lack of exercise and increased incidence of myocardial

infarction, the study does not take into account some other variables

which might also be causative factors. For example, as Montoye

(1962) suggests, the results could be due to selection. "It may be that

only certain body types or personalities could subject themselves to

walking up and down stairs during their working day" (41, p. 37).

The same holds true for postmen. Stress associated with the differ-

ent jobs may also be a factor.

Since the study by Morris, many subsequent works have at-

tempted to support or refute the relation of exercise to improved

cardiovascular health. Chapman and Associates (1957) found no
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significant difference in incidence rates in Los Angeles city civil

service employees, and reported no association between myocardial

infarction and physical inactivity (11). Zukel and Associates (1959)

found the rate per thousand of angina pectoris, in subjects in North

Dakota, was higher in the more physically active (65). Despite these

conflicting views, the majority of researchers (41, 20) tend to point

toward a relationship between lack of exercise and increased inci-

dence of myocardial infarction. Montoye (1962) concludes that,

"There is ample evidence to support the belief that a judicious measure

of exercise helps to prevent the condition under which coronary heart

disease occurs" (41, p. 35).

To gain insight as to how physical exercise might influence

cardiovascular health, specific physiological functions can be measured

and the effects of exercise on them can be recorded. It is generally

recognized that the capacity to do work increases through physical

training, the resting pulse rate is reduced and the stroke volume is

increased (61). Tuttle and Salit (1945), working with human test sub-

jects, found (what is now considered common knowledge) that the rela-

tion existing between resting heart rate and the increase caused by

exercise is influenced by the strenuousness of the exercise (61).

Tests by Malhotra (1963) support this fact. The pulse rate in each of

his subjects was highly correlated to the energy expenditure of the

exercise (37). This is to be expected considering the role the cardio-

vascular system plays in carrying oxygen to the working muscles. In
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agreement with Tuttle and Salit, Malhotra concludes that, "The most

important phenomenon in cardiovascular adaptation to muscular activ-

ity is increase in the cardiac output, which is achieved by increase

both in the rate and stroke volume of the heart" (37, p, 996).

Exercise is actually a physiological overload mechanism,

whereby for a short time the stroke volume and heart rate are

increased substantially above their normal resting levels. Some

researchers feel this elevation must be only of sufficient intensity

(18) while others feel it must be both of sufficient duration as well as

intensity (14) before a training effect can be observed. This training

effect is a phenomenon where improvements in heart and circulatory

function are observed as a result of a program of physical activity.

By overloading the system on a routine basis the heart will become

stronger and perform more work with less effort (64).

Improved cardiac efficiency was suggested by Cogswell,

Henderson and Berryman (1946) when they found parallel decreases

in resting pulse rate and blood pressure in test subjects due to physi-

cal training (12). They conclude through their studies that, "A large

part of the burden of increasing blood supply to the exercising mus-

cles was gradually transfered from the heart to the peripheral

vascular system" (12, p. 426). Michael and Gallon (1960) had ob-

tained similar results from tests on basketball players before and

after a season of activity (40). Resting pulse rates and resting and
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postexercise systolic blood pressure measurements decreased signifi-

cantly during the season of training. The mean resting systolic pres-

sure measurements decreased from 124 mm Hg. to 117 mm Hg. and

systolic pressure taken immediately after exercise and during re-

covery from exercise decreased between eight to ten mm Hg. Dias-

tolic blood pressure measurements taken immediately after exercise

decreased as well, but not significantly. Michael and Gallon sug-

gested that this drop in blood pressure following exercise indicated

decreased peripheral resistance. They concluded that the observed

lowering of both systolic and diastolic blood pressure possibly indi-

cated increased vascular elasticity due to the season of training,

In another supporting study by Frick, Konttinen, and Saratas

(1963),a significant reduction in heart rate with a slight reduction in

blood pressure was observed in fourteen young sedentary men when

subjected to two months of hard physical training (21).

Although the effect of exercise on resting and working heart rate

and blood pressure does give indication as to the possible beneficial

effects of exercise on cardiovascular health, certain other factors

Must also be isolated and measured to fully understand the relation

of exercise to coronary heart disease and atherosclerosis.



Literature Concerning Blood Chemistry

Cholesterol
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Numerous means have been employed to decrease the level of

cholesterol in the blood, including weight reduction, vegetable oils,

chemicals, drugs, and exercise. The present study is concerned

with the effect of exercise on total serum cholesterol levels.

According to Rochelle (1961), cholesterol is a waxy substance

resembling fat in being insoluble in water and easily dissolved in

ether and other fat solvents (52). It is common knowledge that the

circulating cholesterol is present in two chemically distinct com-

pounds: free or unesterified cholesterol, and esterified cholesterol,

in which it is usually combined with long-chain, unsaturated fatty

acids.

No single facet of cholesterol has been subjected to as
much study as has the blood cholesterol, for it is a clinical
determination that is easy to carry out and so it has been
studied in almost every disease condition of man .

Cholesterol is present in all fractions of the blood, but the
serum cholesterol level is the one usually measured (33,
p. 177).

According to Kritchevski (1958), cholesterol may have many

roles: 1) a skin lubricant, 2) a precursor of other steroids, such as

bile acids and sex hormones, 3) a transport vehicle for fatty acids,

and 4) an integral structural unit of various tissues (33). Despite the

essential roles of cholesterol within the body, the problem of arterial
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fat deposition has been suggested to arise from an excess of circu-

lating cholesterol. Kritchevski states that, "The most cogent argu-

ment for a relationship between cholesterol and atherosclerosis is

that this sterol is always present in atherosclerotic plaques" (33,

p. 144). Most researchers feel the problem evolves in the following

mariner: cholesterol is normally esterified with unsaturated fatty

acids, but when these are unavailable cholesterol esterifies with

saturated fatty acids provided by the dietary fats or synthesizes in

the body from carbohydrates. They believe it is these saturated

cholesterol esters which tend to be deposited in the arterial intima

(48, 52, 33).

This information and build up of fat or plaque (a mixture of

cholesterol and other lipid constituents of the blood) is termed arterial

atherosclerosis. These plaques can build up until they seriously

diminish the lumen of the vessel, but probably more important is the

effect on the adjacent cells. According to Keys and Keys, as cited

by Rochelle (52, p. 539),

The cells of the artery wall are crowded and become ill-
nourished. Eventually some of the cells die, producing
areas of ulceration which heal like scar tissue further
damaging the normal cells of the wall. Likewise, condi-
tions are set up for a local blood clot to form and thus
totally occlude the vessel by thrombosis (52, p. 539),

The majority of literature reviewed agrees that physical activity,

by increasing metabolism, speeds up the process of cholesterol
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excretion and also prevents synthesis of this sterol. In addition,

physical activity results in a greater mobilization and alimentary

assimilation of cholesterol and thereby lowers it in the blood (14,

52, 23, 41).

Most of the early studies were concerned with the effect of diet

on serum cholesterol levels. It is true that the numerous factors

which effect the level of blood cholesterol have not been isolated, but

it has been observed in various populations that blood cholesterol,

body fatness, percentage of calories from fat, and total fat intake all

appear to vary together and are inversely related to physical activity

(42).

Much of the recent research suggests a relationship between

high blood cholesterol and early onset of atherosclerosis. Montoye

and Associates (1959), working with 31 sedentary middle-aged men

subjected to a three-month training period, found that changes in

total serum cholesterol generally accompanied a change in body weight

regardless of whether the subject was in the exercise or control

group (42). They concluded that exercise was effective in decreasing

total blood serum cholesterol, but the effect appeared to be indirect

by decreasing body weight. This agrees with a previous study (38),

conducted by Mann and Associates (1955). Rats, when permitted to

exercise, also lowered blood levels significantly with also a signifi-

cant decrease in body fat (41).
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Golding (1961) found, after subjecting four individuals to 25

weeks of severe, all-out endurance type activities, that all subjects

showed drops in cholesterol (23). The study also demonstrated that

fat reduced as serum cholesterol reduced. Another interesting con-

clusion was that, "when a man exercises consistently over a long

period of time, his serum cholesterol level is lowered to a greater

degree than the man who exercises erratically or for a shorter period

of time" (23, p. 505). Golding observed that the drops in cholesterol

were inversely related to the attendance record of the subjects.

Rochelle (1961) also found that blood cholesterol levels were signifi-

cantly reduced during the course of intensive training (52). In a five-

week training period utilizing a two-mile run five days per week, the

resting serum cholesterol level was reduced but during exercise an

increase occurred in every instance. This phenomenon, they felt,

was indicative of fat mobilization and ultimate utilization during exer-

cise. This agrees with findings by Carlson, Ekelund, and Oro (1963),

who conducted studies on the immediate effect of exercise in five

subjects (9). Another interesting point in Rochelle's study was that

possibly cholesterol mobilization was enhanced by the massaging

action of exercising muscles. This action would be instrumental in

clearing fats from the arterial walls, thus lowering the rate of fat

deposition (52). Fox and Skinner (1964) also agree that increased
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physical activity can keep the weight and fat deposition down to a

desirable level, thereby exerting a stabilizing influence on the serum

cholesterol level (20).

During this same time period alternate findings were being

observed. Keys and Associates (1956) reported that exercise would

not reduce cholesterol if subjects were held in caloric balance (30).

Also Karvonen and Associates (1958) found a rise in blood cholesterol

levels in fasting subjects (28). But the concensus of opinion is that if

the exercise is hard enough and long enough and repeated time and

time again as a steady routine, blood cholesterol levels can be ex-

pected to be lowered provided the levels were high to begin with (14).

Triglycerides

Recent studies have implicated triglycerides as another sub-

stance having a possible relation to increased incidence of coronary

heart disease. A review of these recent findings may help to clarify

the position of both cholesterol and triglycerides in the scheme of

cardiac impairment.

The serum lipids circulate as four major classes of compounds:

the high and low density lipoproteins, the chylomicrons, and the free

fatty acids (2). It is the low-density lipoproteins that are of concern

to this study. According to Albrink (1962), low-density lipoproteins

may be conceived as protein-cholesterol-phospholipid moieties,
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differing from each other only with respect to triglyceride concentra-

tion. As the triglyceride component increases, the lipoprotein mole-

cule loses the solubility properties of a protein and acquires the water

insoluble low density characteristics of a fat particle. Decreased

lipoprotein density and increased serum turbidity are thus associated

with elevation of triglyceride concentrations (2). Albrink divides the

low-density lipoproteins into two classes, those of relatively greater

density well correlated with serum cholesterol concentration, and

those of very low density reflected in triglyceride concentration (2).

As indicated by the studies cited previously a number of inves-

tigators have been concerned with the relation of serum cholesterol

to coronary heart disease; but only very recently have studies in-

cluded an evaluation of triglycerides. There is increasing evidence

for concern over this substance.

Dietary studies have shown that the cholesterol-rich lipoproteins

of only moderately low density are responsive to total fat and type of

fat injested, while the triglyceride-rich very low-density lipoproteins

are more influenced by total carbohydrate and total calories (22).

Gofman and Associates (1950) founds-that increasing animal fats in-

creases serum cholesterol, but has little effect on fasting triglycer-

ides, while, conversely, total caloric intake was more effective on

triglycerides than on cholesterol (22).
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Albrink and Associates (1962), found that elevation of serum

triglycerides in normal men was strongly associated with weight gain

during adult life and with a family history of coronary artery disease

(3). they suggest that avoidance of weight gain after the age of 25

may prevent elevation of serum triglycerides and associated coronary

heart disease in middle age men who are genetically susceptible to

this disease.

According to Albrink (1962), the triglyceride rather than the

cholesterol end of the low-density lipoprotein continuum is more

commonly abnormal in coronary heart disease (2). It seems that

cholesterol is more often normal than not in coronary heart disease.

"Serum triglycerides are increased in approximately 80% of men with

clinically evident coronary heart disease" (47, p. 775). Albrink con-

cludes that the weak correlation between cholesterol and triglycerides

does not justify the use of cholesterol as an indicator of total lipid or

of triglyceride concentration.

Relatively high serum cholesterol (300 mg%) is evidently
not associated with coronary artery disease unless the
triglycerides too are elevated, while a cholesterol level
of 220 may be associated with coronary disease if the
triglycerides are increased (2, p. 454).

Little research has been done on the effect of exercise on the

serum triglycerides. Fox and Skinner (1964) report that endurance

exercise has been shown to produce a short term reduction of the



20

fasting triglycerides (20). Oscai and Associates (1972) working with

hyperlipidemic men, found that exercise produced a significant

lowering of fasting triglyceride levels. They concluded that exercise

is effective in normalizing serum triglyceride levels in hyperlipidemic

men (47). The researchers also found that a large reduction in tri-

glyceride levels occurs even when the caloric intake of the subject

was increased to compensate for the energy cost of the exercise,

again suggesting that exercise has a possible effect on fat and carbo-

hydrate metabolism. Oscai also suggests that physical activity

possibly reduces the availability of a substrate necessary for the

synthesis of endogenous triglycerides.

Literature Concerning Pulmonary Ventilation

The interrelated functions of circulatory and respiratory systems

are such that an evaluation of the type proposed in this paper must

consider both systems and their relationship to one another.

Morehouse and Miller (1967) divide respiration into three separate

processes: 1) pulmonary ventilation or breathing, 2) the exchange of

gases in the lungs and tissues, and 3) the transport of gases in the

bloodstream (43). The process of pulmonary ventilation will be con-

sidered at this time.

Many researchers have shown that age, sex, height, weight, the

size and flexibility of the chest, muscular strength and physical
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training are factors which may singly or jointly affect pulmonary

ventilation (62, 17, 49, 36). Today, pulmonary ventilation can be

evaluated with the help of modern spirographic techniques. The

spirometer, developed by John Hutchinson in the middle 1800's, is a

closed circuit system which can measure and record respiratory

volumes and gas exchanges. The technique involves rebreathing, or

exhaling into an inverted, counterweighted, water sealed container

with a pen arranged to record its movements. Hutchinson first used

the spirometer to describe and define the vital capacity (VC), this

being the maximal volume of gas that can be expelled from the lungs

following a maximal inspiration. Vital capacity is one method which

can be used to determine the health status of an individual when corn-
0pared to standardized norms (31, 45). According to Astrand and

Rodahl (1970), the measurement of the vital capacity as part of a

larger test battery may yield valuable information, especially con-

cerning the distensibility of the respiratory system (6).

West (1920) related the vital capacity to both body surface area

and to height and prepared prediction formulas from these relation-

ships (62). Earlier Peabody and Wentworth (1917) related the vital

capacity to body surface area (49). This was supported by the findings

of Dreyer (1919) who investigated the relationship of weight, stem

length, chest circumference and body surface to vital capacity, and

concluded that vital capacity was more nearly a function of body
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surface than of any other bodily measurement (17). Subsequent

studies, however, have substantiated Hutchinson's basic premis that

vital capacity varies more closely with differences in height than

with any other known variable (31, 45).

Early work by Lemon and. Moersch (1924) related that age does

not seem to influence the vital capacity of adults to any marked

degree before 50 or 60 years of age. Even after this period of life,

they felt its effect was variable, and the decrease in vital capacity

was generally found to run parallel with the change in general bodily

turgor and elasticity and to accompany the decrease in physical fit-

ness which usually occurs at this period of life (35). A subsequent

study by Morris, Koski, and Johnson (1971) however, obtained nega-

tive correlations with age, and demonstrated quite clearly a pro-

gressive decline in pulmonary ventilation with increasing age (45).

The factor of physical fitness in relation to the vital capacity is

an important one. Dreyer (1919) found it desirable to classify all

people of the same stature (height and weight) into three groups on the

basis of their physical fitness: those active in athletics, military

training, or vigorous outdoor labor were classified in Group I, those

occupied in tasks less arduous or less conducive to physical develop-

ment were classified in Groups II and II (17). He found that persons

in Group I had higher vital capacity values than those in Groups II or
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Muscular development has also been suggested as a factor in

pulmonary ventilation. Lemon and Moersch (1924) agree that a

weakening of the muscles of respiration could and should be a factor

in causing a decrease in vital capacity. They state,

We often observe in conditions in which a portion of the
respiratory musculature is incapacitated that decrease
in vital capacity coexists, and that this decrease is
proportionate to the importance and extent of the res-
piratory muscles involved (35, p. 141).

With the refinement of spirometric techniques, the usefulness of

the time-volume relation in the performance of the vital capacity has

been observed. Forced vital capacity (FVC) is a measure of vital

capacity related to the time required for the expiration. This test

relates much better to other tests of ventilatory function than the vital

capacity because the timed vital capacity reflects the volume in terms

of time (8). To determine forced expiratory volume (FEV), the sub-

ject first takes a deep breath and inspires maximally. The subject

then exhales as forcefully and completely as possible. In this way a

determination as to how much of the subjects vital capacity can be

exhaled in the course of one second (FEV
1)

(6). Two values may be

recorded: 1) the volume exhaled during the time interval; and/or

2) the percentage of the total vital capacity exhaled during the one-

second period. Astrand and Rodahl (1970), relate that a normal

figure for a twenty-five-year old individual is about 80 percent (6),

although higher values have been observed (51),
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Recent studies have refined the ventilatory measurement of

vital capacity even further with the consideration of the forced expira-

tory flow and the maximal mid-expiratory flow (36). The forced

expiratory flow (FEF200-1200) is the average rate of flow for a

specific volume segment of the forced expiratory spirogram, between

the 200 and 1200 cc volume points. This measures the rate of expira-

tion during the period when movement of gas is most rapid (8). The

forced mid-expiratory flow (FEF25-75%) is the average rate of flow

during the middle two quarters of the volume segment of the forced

expiratory spirogram (36). These measurements were developed

due to the concern over the problems of equipment inertia and patient

hesitation which could invalidate the earliest section. of the forced

vital capacity.

Some literature is available on the effect of physical training

on pulmonary ventilation. Gordon, Levine and Wilmaers (1924), upon

observing a group of marathon runners, concluded that the average

vital capacity of the lungs in the runners was normal, indicating that

prolonged vigorous training did not increase the breathing space of

the lungs (24). In contrast to this Stuart and Collings (1959), when

comparing 20 athletes to 20 nonatheletes, found that the mean vital

capacity score of the athletes was significantly higher than the mean

nonathlete vital capacity (58). The authors felt the improvement was

due, in part, to increased development of respiratory musculature
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incidental to regular exercise. Schneider and Ring (1929) found that

moderate physical training, about an hour daily, increased the load-

carrying ability of their subjects (57). They also relate that the

trained man absorbs a larger percentage of oxygen from inhaled air

and that the trained man breathes much less air for the same accomp-

lishment than does the untrained subject. This is supported by the

observation that normal males have a respiratory rate of about 22

breaths per minute while some athletes have rates as low as six to

eight breaths per minute (27). Trained men, perhaps, may breathe

more economically than untrained men. Morehouse and Miller (1959)

feel that it is possible that the respiratory superiority of the trained

athlete lies not so much in a larger vital capacity as in a greater

ability to utilize his maximal lung capacity. They state,

As the depth of breathing approaches the limit imposed by
the vital capacity, subjective feelings of discomfort develop,
this stage is reached sooner by an untrained man than by a
trained man, and the subject is said to be out of breath or
winded (43, p. 142).

Karpovich (1953) states, "There is some relationship between

participation in physical work and vital capacity" (27, p. 114). Rasch

and Brant (1957) found however, upon evaluating the pulmonary

function in Olympic freestyle wrestlers, that the vital capacities of the

subjects were not significantly greater than those predicted for normal

adult males (50). Also a study by Saltin and Associates (1968), shows

that maximal oxygen uptake could be altered over a wide range in
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normal subjects, within relatively short periods of time, by marked

alteration in activity patterns (54). However, in all five subjects

physical training had no effect on lung volumes, timed ventilatory

measurements, and membrane diffusing capacity.

Literature Concerning Programs of Exercise

In the various studies cited many forms of exercise programs

were employed, with varied effects on different physiological

measures. The continuity of opinion throughout the literature main-

tains that the consistency of effort on a routine basis is the most

important factor. The nature of the exercise is also an important

factor. As Cureton suggests, programs of continuous, rhythmical

work with much bending of the arms and legs produce more beneficial

results (13). The exercise itself must also be of sufficient intensity

to invoke these beneficial physiological responses (18).

Earlier in our history when everyday chores included much

exercise it was not so important that recreation consist of vigorous

physical activity. However, in our present culture,off the job

activities provide almost the only opportunity for regular physical

exercise. Montoye states, "It behooves us all to develop and maintain

interest and ability in some sport or activity which obliges us to use

our muscles" (41, p. 41).
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Bicycling is one such activity which could be employed by

almost any age individual and geared to the intensity and duration

desired. As a program of exercise it could fit into an individuals

daily routine with minimal effort. Bicycling as an exercise program

adds an element of fun which is all to often lacking in programs of

physical activity. It can be initiated on any level thus suiting it to

the individual, which is of great importance in the rehabilitation of

cardiac patients, elderly individuals, and individuals starting a pro-

gram of exercise for the first time. A graduated bicycle exercise

program of increasing intensity and duration can lead to a program

which meets the criteria mentioned earlier.
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RESEARCH PROCEDURES

The Exercise Period

Two subjects, one male one female, participated in a twelve

week bicycle exercise program. The exercise consisted of routinely

bicycling approximately 70 miles per week for twelve weeks. Most

of the miles, however, were traveled on weekend trips. The subjects

averaged six days per week riding over three miles, four of these six

days the subjects averaged over ten miles. The milage during the

exercise period was somewhat graduated, starting with lower weekly

milage during the initial three week accommodation period and then

increasing for the duration of the exercise period. The bicycles used

during the exercise period were lightweight, ten-speed English racers.

Tabulation of milage is recorded in Table 1.

Subj ects

Both subjects have a history of involvement in competitive

athletics. However both have been fairly sedentary, and have main-

tained no regimented exercise for at least two years.

Subject Sl: A 24 year old male, college graduate student had

been active in organized baseball for thirteen years until three years

ago. Subsequent exercise was obtained through infrequent and varied

physical activities. Si was a non smoker. S1 is also the author of this

paper.



Table 1. Milage Record.
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Subject - S2: A 21 year old female, college junior had been

active in organized ski racing for five years until two years ago.

Subsequent exercise was obtained through infrequent and varied physi-

cal activities. 52 was a moderate (1/2 pack per day) smoker, with a

five year habit. There was no change in smoking habits during the

course of this study. S2 was the author's wife.

The subjects appeared to be in good health and under no physical

or mental trauma or stress during the administration of the pre- and

post-exercise tests.

Methodology

All anthropometric and physiological, measures used in this

study were obtained on a pre- and post-test basis with only resting

heart rate and blood pressure being recorded weekly. The pre-

exercise measurements of circulatory function tests (including: rest-

ing heart rate and blood pressure, working heart rate and blood

pressure as determined by the treadmill stress test, and electro-

cardiographic readings), body measurements, and pulmonary ventila-

tion tests were taken approximately two weeks prior to the initiation

of the exercise period. Blood chemistry measurements were taken

two days before the initiation of the exercise period. All post

exercise tests were obtained three-to-five-days after the last exercise

bout. Blood chemistry measurements were taken three days after the
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completion of the training period to rule out any immediate effect of

the last exercise bout and to gain a more accurate picture of the

overall, long-term effects of the bicycle exercise. Body measure-

ments, circulatory function, and pulmonary ventilation tests were

obtained five days following the exercise period.

All tests, with the exception of resting heart rate and blood

pressure, and body measurements were obtained at Good Samaritan

Hospital, Corvallis, Oregon. Resting heart rate and blood pressure

measurements were taken, upon rising the morning of the test day,

with the subjects sitting. Resting pulse rate was determined by

palpation of the radial pulse at the.wrist. Resting blood pressure was

determined by auscultation of the brachial artery. A dial sphyg-

momanometer and stethoscope were used to measure pressure differ-

ences. Resting pulse rate and blood pressure measurements were

obtained weekly throughout the exercise period, as well as on the pre-

and post-exercise test days, according to the above procedure. These

resting measurements were taken at home on the test days to rule out

any change in the resting measurements due to emotional complica-

tions, excitement, or apprehensions brought on by a laboratory situa-

tion. Body measurements were also obtained upon rising on the pre-

and post-exercise test days before the laboratory tests were performed.

A measuring tape calibrated in inches was used to determine body

measurements.
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At the laboratory, on the pre- and post-exercise test days, the

height and weight of the subjects were first obtained. The pulmonary

ventilation tests were then administered. The Director of Special

Services at the hospital, 1 and one assistant helped administer the

tests. All ventilatory measurements were conducted using a Godart

"Pulmonet" spirometer. The operation of the spirometer was ex-

plained to each subject and the methods of testing were demonstrated.

All tests were performed with the subject in the standing position.

Before each test a noseclip was applied to assure against air leakage.

The subjects were instructed to breath normally through the mouth-

piece of the spirometer for a few minutes, after which time they were

told to inspire as deeply as possible and to expel the air as forcefully

and as long as possible. This procedure was repeated three times for

each subject, using the spirogram with the greatest forced expiratory

flow per one second as the spirogram for all subsequent measurements.

After sufficient rest following the pulmonary tests the treadmill

stress tests were conducted. The treadmill stress test, developed as

an electrocardiographic test for the adequacy of the coronary blood

supply when the demand for the latter is increased by exercise, can

provide valuable information on the w ork capacity of the subject (1).

The tests were administered with the help of a Doctor, 2 The Director

1 Mr. Lantes Zoeller Director of Special Services.
2 Ted E. Foulke, M. D. hospital Doctor.
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of Special Services, and one assistant. Using a 1511A Hew let-Packard

electrocardiograph, a resting electrocardiogram was obtained for

each subject. The subjects were in a reclining position to obtain a

baseline measure of resting heart rate.

Resting blood pressure was measured with a mercury sphyg-

momanometer and stethoscope with the subject seated in a chair on

the treadmill. The blood pressure cuff remained in place for the

duration of the test with the stethoscope taped in place so readings

could be obtained during the test. Three electrodes from the electro-

cardiograph were positioned on the subject, one in the area of the

right clavicle, another below and to the left of the left-nipple (left

apex, position 5) and the last on the spine in the area of the 9th

thoracic vertebra. The skin over the areas mentioned was abraised

with a toothbrush soaked with acetone to lower electrode resistance

and produce a better electrocardiographic tracing. A cream-type

paste (electrolyte gel) was applied to the electrodes to allow for better

contact. The electrodes were held in place by an adhesive ring cen-

tered over the electrode sensing element. The subject was then

connected to the electrocardiographic recorder which was concurrently

connected to an oscilloscope to allow for direct viewing of the cardiac

impulses.

The subject was instructed as to the proper manner of walking

on the treadmill, using the handrail for balance only. The subjects
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were then allowed to walk for a few minutes to become accommodated

before the initiation of the test.

To obtain an adequate measure of working heart rate and blood

pressure, these measurements were recorded each minute of the 15

minute test and for each minute of the five minute recovery period.

Measurements were taken in time blocks of three minute intervals.

The first three with a 10% grade on the treadmill at 1.7 mph. , the

second with a 12% grade at 2.5 mph., the third with a 14% grade at 3.4

mph. , the fourth with a 16% grade at 4.2 mph. , and the fifth with an

18% grade at 5.0 mph. The five minute recovery was also monitored

with the subjects sitting in a chair on the treadmill. Recovery heart

rate and blood pressure were recorded during this time.

Blood chemistry measurements were also obtained and analyzed

by technicians at Good Samaritan Hospital. The subjects came to the

laboratory fasting (no food for a twelve hour period). Blood samples

were taken and analyzed for cholesterol and triglycerides. Total

serum cholesterol levels were obtained using the Liebermann-

Burchard Direct Reaction Analysis - the most common procedure for

identifying cholesterol (52). Triglyceride levels were obtained using

the "Technicon N" fluorometric method of analysis (29).
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Diet

No specific diet was followed, but each subject maintained a

food consumption chart. Caloric intake was recorded for one day per

week throughout the exercise period.. Each of the subjects showed

consistent eating habits throughout the exercise period with both

noting an increased consumption of carbohydrates during the exercise

period, particularly during the exercise bouts.
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IV. PR ESEN TA TION AND ANALYSIS OF RESUL TS

Anthropometric Measurements

Body weight remained constant in both subjects throughout the

exercise period. S1 showed no change and 52 showed a weight gain

of one pound, indicating that the exercise period did not bring about a

state of negative caloric balance. Changes in body measurements

(Table 2) show reductions in both subjects, particularly in the areas

of the abdomen, and thighs.

Circulatory Function

Pre- and post-exercise test scores showed a marked decrease

in the resting heart rate of both subjects. This finding agrees with

many researchers (21, 40, 61), who relate that lower pulse rate

indicates better conditioning with increase in stroke volume. To

support this, athletes have also been shown to have higher cardiac

outputs than untrained persons (21). Frick and Associates (1963)

suggest altered myocardial contractability as a factor in this increased

stroke volume (20).

Resting blood pressure scores remained constant in Si while

those of 52 were lowered, systolic pressure being lowered from 115

mm Hg to 104 mm Hg (Table 4). Michael and Gallon found similar

decreases in systolic pressure when working with basketball players
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Table 2. Changes in Baseline Measurements of Subjects Resulting
from Twelve Weeks of Bicycle Exercise.

Experimental
Subjects Units S1 S2

Weight

Body Measurements

lbs.

inches

158 - no change 103 to 104

Abdomen 33 to 32 28 - no change
Hips 38 to 36 1/2 32 to 32 1/2
Upper Thigh 22 to 21 1/2 19 1/2 to 19
Middle Thigh 20 1/2 - no change 18 to 171/2
Lower Thigh 17 to 161/2 16 1/2 to 15

Resting beats/min. 50 to 44 51 to 48
Pulse

Resting mm Hg. 120/80 no change 115/70 to
Blood Pressure 104/68

Blood Chemistry
Cholesterol

(total serum)
mg % 245 to 220 170 to 160

Triglycerides mg % 65 to 95 20 to 35

Pulmonary Function
FVC cc/air 5530 to 5600 3500 to 3285
FEV1 cc/air 4555 to 4345 2900 to 2975
FEE (200 -1200) liters 12.5 to 10.0 4.7 to 4. 45

FEF liters 5.8 to 6.6 4. 30 to 4.05
(25 -75%)

S1 Age 24, height 69 1/4 inches
S2 Age 21, height 62 1/2 inches
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Table 3. Changes in Resting Pulse Rates of Subjects Resulting from
Twelve Weeks of Exercise.
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Table 4. Changes in Resting Blood Pressure Measurements Resulting
from Twelve Weeks of Bicycle Exercise.
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during a season of play. The mean resting systolic pressure of the

subjects went from 124 mm Hg to 117 mm Hg during the season (40).

They felt that there was a possibility that vascular elasticity had in-

creased with training. Resting diastolic pressure decreased only

very slightly in S2.

It is generally recognized that the capacity to do work increases

through physical exercise. The treadmill stress test can give a valid

indication of a subject's capacity to perform work of varying intensities,

and of the affect of this exercise on circulatory functioning. Working

pulse rates decreased in both subjects and are presented in Table 5.

This, it would seem, indicates a greater circulatory efficiency in

supplying the working muscles with oxygen rich blood, or in other

words, an increase in stroke volume. Performing the same amount

of work with a lower heart rate would suggest the possibility that the

energy cost of circulatory work can be reduced by physical exercise

as previously indicated by Fox and Skinner (20), Tuttle and Salit (61),

and Faria (18).

Both subjects indicated an increased capacity to perform the work

on the post-exercise test day. The work was reported not to feel as

strenuous, and both subjects were not as fatigued following the tread-

mill test. Recovery heart rate was markedly reduced in S2 as indi-

cated in Table 5. Unfortunately, a comparison could not be made on

Si due to an extended treadmill time on the pre-test day (18 minutes
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Table 5. Working and Recovery Pulse Rates of Subjects During and
Following Treadmill Stress Test.

Time
Working
Minutes

1

2
3

4
5

6

7

8

9

10
11
12

13
14
15

Recovery
Minutes

1

2
3
4
5

Grade Speed

10% 1.7

12% 2.5

14% 3.4

16% 4.2

18% 5.0

S1 S2

Pre-test Post-test Pre-test Post-test

101
88
81

F107
107

91

120
121
118

I 146
J 143

148

176
175
173

91 78 93
81 88 75
90 74 87

86 103 98
89 97 92
98 105 94

104 117 113
108 136 115
109 131 119

141 159 141
141 158 140
145 160 143

165 173 165
180 176 165
180 180 170

135 173 155
100 120 100
89 91 74
89 82 74
85 77 67

Pre-test recovery pulse rates were not recorded for S1 due to an ex-
tended period on the treadmill test (18 minutes pre-test vs. 15 minute
post-test). Thus no valid comparison could be made.
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instead of 15 minutes). However a parallel decrease would also have

been suspected. The decreased recovery heart rate in S2 agrees with

findings by Cogswell and Associates (12), who found decreases in one,

two, and three minute post-exercise heart rates in subjects due to

physical training. Morehouse and Miller also report that men in good

physical condition recover more rapidly than men in poor physical

condition (43).

Converse to the expected, inconsistent results were obtained on

working and recovery blood pressure measurements and are presented

in Table 6. The results were inconsistent with studies which have re-

ported a decrease in both recovery systolic and diastolic blood pres-

sure due to physical training (12, 40). The exercise period may not

have been of sufficient intensity or duration to invoke similar changes

in these parameters.

As indicated by the results obtained on working capacities, the

physiological responses of both subjects were similar. This is in

contradiction to findings by Metheny and Associates (1942), who found

that the physical exercise used in their study (also treadmill exercise)

was more strenuous for the women than for the men, taxing all the

body systems to their limits in a much shorter time. They concluded

that,

The analysis of the means: of the data for the seventeen
women and thirty men prompts the generalization that
women, as a group, are the weaker sex, being less fit
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Table 6. Working and Recovery Blood Pressure of Subjects During
and Following Treadmill Stress Test.

Time
Working S1 S2

Minutes Grade Speed Pre-test Post-test Pre-test Post-test

1 162/78 170/92 136/80 126/74
2 10% 1.7 158/84 162/88 150/80 134/68
3 150/76 162/98 146/72 134/70

4 166/76 164/80 148/78 142/74
5 12% 2.5 170/70 164/80 146/70 138/72
6 160/76 168/78 146/74 142/78

7 180/74 192/84 164/68 142/70
8 14% 3.4 172/75 184/96 174/70 160/68
9 180/76 176/80 164/68 162/64

10 178/66 202/86 164/60 170/70
11 16% 4.2 186/70 204/78 182/70 172/76
12 196/76 210/76 178/70 176/70

13 196/70 220/76 168/70 168/80
14 18% 5.0 196/70 220/80 166/70 168/84
15 200/66 220/76 170/70 160/80

Recovery
Minutes

1 - 234/80 178/60 196/80
2 - 186/76 170/50 184/70
3 - 184/80 156/50 164/60
4 164/106 140/64 136/74
5 - -- 164/100 130/62 130/68

Pre-test recovery blood pressure measurements were not recorded
for S1 due to an extended time period on the treadmill test (18 minutes
pre-test vs. 15 minute post-test). Thus no valid comparison could be
made between the pre- and post-test recovery blood pressure measure-
ments.
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than the men for both moderate and strenuous exertion
and exhibiting less endurance for this type of activity
(39, p. 324).

Blood Chemistry

As expected total serum cholesterol levels were decreased in

both subjects as shown in Table 7. In S1 the level decreased from

245 mg % to 220 mg % and S2 showed a reduction from 170 mg % to

160 mg %. This finding agrees with Rochelle (1961), who found that

physical exercise decreases serum cholesterol levels (52). Since the

subjects in the present study showed no decrease in body weight,

indicating a positive caloric balance, exercise would seem to be the

causative factor in the reduction of the cholesterol levels. This find-

ing disagrees with some research which show a reduction in choles

terol only when accompanied with weight reduction. These researchers

suggest that the effect of exercise is indirect in that cholesterol reduc-

tion is present only when associated with weight loss (42, 19, 23).

Some researchers feel that a closer relationship could be shown be-

tween changes in total cholesterol and changes in body fat than with

body weight (42). It was not feasible, however, to secure specific-

gravity data on the subjects in the present study.

An unexpected finding was that of increased triglyceride

levels in both subjects after the exercise period. S1 showed an

increase from 65 mg % to 95 mg % while S2 showed an increase

from 20 mg % to 35 mg %. These levels are still within the normal
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Table 7. Pre- and Post-Exercise Total Blood Serum Cholesterol and
Triglyceride Levels.
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range, in fact quite low. However some researchers have shown that

even with a moderate reduction in cholesterol there is a large reduc-

tion in triglycerides (14). Fox and Skinner report that endurance

exercise has shown to produce a short-term reduction of the fasting

triglyceride level (20). This agrees with findings by Oscai and

Associates working with hyperlipidemic subjects (47). One explana-

tion for this contradiction may be due to the subjects increased intake

of carbohydrates and total calories. It has been shown that increasing

animal fats increase cholesterol levels but has little effect on fasting

triglycerides, while increased intake of carbohydrates and total

calories has more of an effect on triglycerides than on cholesterol

(22). Albrink states "not only are triglyceride and cholesterol levels

relatively independent variables, they respond differently to diet"

(2, p. 356). This may account for the lowering of cholesterol levels

while triglyceride levels increased. Also a reduction in triglyceride

levels would be expected if there had been a weight reduction due to the

exercise period. Present studies reveal that elevations of serum

triglycerides in normal men are strongly associated with weight gain

(4). In subsequent studies it would be interesting to observe the ef-

fects of exercise on these levels in subjects on strictly controlled

diets.

Table 8 contains the pre- and post-exercise measurements of

various circulatory constituents. Although cholesterol and
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Table 8. Pre- and Post-Exercise Measurements of Various Circu-
latory Constituents.

Measures Units S1 S2
Pre-test Post-test Pre-test Post-test

White Blood
Cells x 103 7.1 6,1 5.8 5.1

Red Blood
Cells x 106 5.27 5.09 4.08 4.03

Hemoglobin gm 16,5 15,9 13.3 13.1
Hematocrit %3 49.2 47.6 40.1 39.6
MCV 14 91.0 94.0 96,0 98.0
MCI-1 1111g 30.1 30.5 31.5 31.6
MCHC % 32,8 33.8 32.8 33.4
Na+ meq /lit 144 140 144 140
K+ meq /lit 4.5 4.5 4.5 4.3
C1+ meq/lit 104 101 109 105
CO2 meq/lit 26 27.2 22 23
Glucose mg% 105 100 90 80
Cr eatinine mg% 1.3 0.9 1 0.9
T. P. g m% 8 7.3 6.6 6.4
Alb. g m% 5.8 5.3 4.7 4.65
Ca++ mg% 10 9.9 9.1 9,1
Inor, Phos. mg% 3.9 3.5 4.8 4.2
Cholesterol mg% 245 220 170 160

Triglycerides mg% 65 95 20 35

B. U. N. mg% 17 14 11 13
Uric Acid mg% 6.4 5.7 4.9 5.2
T. Bili. mg% 1.5 0.8 0.6 0.6
D. Bili. mg% 0.1 0,1 0.1 0.1
Alk, Phos. mil. /m1 57 50 45 45
LDH 340 mU. /ml 160 120 125 130
SG OT 340 mU. /ml 25 23 15 20

Although cholesterol and triglycerides were the only components dis-
cussed in detail, it was felt that a record of various other circulatory
constituents may be of some future use.
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triglycerides were the only components discussed in detail it was felt

that the record of these additional constituents may be of some future

value and for this reason were listed in this study.

Pulmonary Ventilation

Inconsistent results were obtained from pulmonary ventilation

tests as outlined in Table 9. Si, non-smoker, showed increased vital

capacity upon completion of the exercise period, while S2 a moderate

smoker, showed a decrease. The increase observed in S1 agrees

with results found by Golding (1961), who observed improvements in

vital capacity with physical training (23). Stuart and Collings also

found, when comparing 20 athletes to 20 non athletes of matched

height, weight, body surface area, and age, that the mean vital capa-

city of the athletes was significantly higher than the mean non athlete

vital capacity (58). They felt the difference in vital capacity was due

to increased development of the respiratory musculature incidental

to regular physical training. Other researchers have also suggested

the 'possibility of physical exercise as a factor in increased vital

capacity (17, 35).

The subsequent measures taken from the original spirograms

also proved to be inconsistent. The smoking habits of S2 appear to

have been a factor, as most all of the measurements of S1 showed

improvement, while the measurements of S2 showed a consistent



Table 9. Pre- and Post-Exercise Pulmonary Ventilation Test Scores.

Measures Predicted
scores Units

S1
Pre-test Post-test

S2
Pre-test Post-test

Forced Vital Si 5485 cc 5530 5600
Capacity S2 3900 cc 3500 3285
FVC

Forced S1 4400 cc 4555 4345
Expiratory S2 3180 cc 2900 2975
Volume/1 sed.
FEV1

Forced S1 8.4 liters 12.5 10.0
Expiratory S2 5.85 liters 4.7 4.45
Flow
FEF200-1200

Forced S1 4.75 liters 5.8 6.6
Mid-Expiratory S2 3.7 liters 4. 38 4.05
Flow
FEF

25 -75070



50

decrease. Also the measurements of Si in each case were higher

than the predicted values while the measurements of S2 were con-

sistently lower than predicted, indicating possible respiratory im-

pairment. This would agree with findings by Barr (1972), who found

when comparing cigarette smokers to lifetime non cigarette smokers,

that the cigarette smokers had a significantly reduced pulmonary

function when compared to lifetime nonsmokers (8).
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V. GENERAL SUMMARY AND CONCLUSIONS

The effects of bicycle exercise on specific anthropometric and

physiological measures were observed in two test subjects (S1 and S2)

over a twelve week exercise period. The two subjects, one male (Si)

and one female (S2) participated in a graduated bicycle exercise pro-

gram, averaging approximately 70 miles per week for the twelve week

period. Body weight, body measurements, circulatory function tests,

blood chemistry measurements, and pulmonary ventilation tests were

the criterion measures utilized in this study. The measurements

were taken on a pre.- and post-test basis, with baseline measurements

taken prior to the initiation of the exercise program being compared

to subsequent measurements taken upon completion of the program.

Being a case study, no generalizations can be made. However, vari-

ous changes were observed and reported.

Within the limitations of this study, the following results were

observed and attributed to the subjects involvement in the exercise

program:

A. There was no appreciable change in body weight in either

subject.

B. There was a slight decrease in body measurements,

particularly in the area of the abdomen, and thighs.
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C. There was a marked decrease in the resting heart rate of

both subjects.

D. There was a marked decrease in working heart rates of both

subjects as demonstrated by the treadmill stress test.

E. Si showed no change in resting blood pressure measure-

ments, while S2 showed a decrease.

F. There were no consistent results obtained on working blood

pressure measurements.

G. There was a marked decrease in the recovery heart rate of

S2. Results were .not obtained on 51.

H. There was a decrease in twelve hour fasting serum choles-

terol levels in both subjects.

I. There was a slight increase in twelve hour fasting triglycer-

ide levels in both subjects.

J. Si showed an overall increase in pulmonary ventilation,

while S2 showed an overall decrease.

A case study of this type does not allow one to draw concrete

conclusions, but only report observations. However, the observa-

tions obtained seem to lend support to the majority of literature

advocating physical exercise as a deterent to the encroachment of the

increasingly prevalent degenerative diseases of this century. Results

from this study showed that the majority of physiological parameters

measured demonstrated a beneficial response to the exercise program.
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Had the subjects been of a more sedentary nature one could have

expected far more dramatic changes in the parameters measured.

As it was, both subjects showed better than normal scores even on

most of the pre-exercise tests.
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