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Purpose: The purpose of this study was to determine

the effectiveness, if any, of the Po2 Aerobic Exerciser in
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living at sea level.

Procedures: This study was conducted during the 1982

winter term at Oregon State University. Four cross country

runners of the Oregon State University varsity team

volunteered to serve as subjects. For the eight-week test

period the subjects were randomly divided into an

experimental group and control group. During all long

distance training runs, the experimental group wore the Po2

Aerobic Exerciser. During the eight-week test period, both

groups followed identical progressive overload training

programs. Monday through Friday morning each subject ran 5

miles at a 6:00 to 6:15 pace. On Monday, Wednesday, and

Friday afternoons, they ran 7 miles at 5:30 pace. Sunday



Friday afternoons, they ran 7 miles at 5:30 pace. Sunday

called for a 12 to 15-mile run at a 6:00 to 6:15 pace.

Tuesday, Thursday, and Saturday afternoon, all subjects

participated in an anaerobic (interval) workout.

Testing was done on a pre and post research design.

Physiological tests were: the Balke submaximal treadmill

test to measure changes in Vol max, and a blood chemistry

test for possible changes in red blood cell and hemoglobin

count which would reflect the oxygen carrying capacity of

the blood.

Analysis of Data: The collected data were analyzed by

means of the t-test and percent differential. A significant

level of .10 for rejection or acceptance of the null

hypothesis was selected.

Conclusions: From the statistical evaluation of the

results, the following conclusion may be made. No

statistically significant difference existed between the

two groups after completion of the test period on either

the treadmill test or the blood chemistry analysis.
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THE EFFECTIVENESS OF THE Po
2

AEROBIC

EXERCISER IN SIMULATING HIGH ALTITUDE

TRAINING AT SEA LEVEL IN CROSS COUNTRY RUNNERS

I. INTRODUCTION

Attempts to delineate the influence of high altitude

residence on the working capacity and performance of

mankind have been relatively inadequate. This is because

the facts which determine man's performance have not been

identified and understood, even under the optimal

conditions at sea level. A complex number of physiological

factors varying from respiratory and cardiovascular to

tissue components are involved in determining the ability

of man to perform work. Additional conditions making the

analysis difficult are type and duration of exercise,

ambient temperature, age, sex, initial state of physical

condition, nutritional state, degree of activity while at

altitude, and the level of altitude acclimatization

attained by the subject. Further, complications in

analysis of published data relate to the wide variation in

individual response to the combined stresses of low ambient

oxygen pressure and level of work. It is also apparent

that certain cultural and behavioral conditions modify the

responses reported.

Before and since the Mexico City Olympics of 1968,

much attention has been focused on the benefits and effects
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of altitude training on those athletes who lived and

trained at lower altitudes. Because of this, a great amount

of research has been done on altitude training and its

effect on altitude and sea level performance.

The results of this vast research on altitude training

has produced a multitude of conflicting data. One group

(Balke, Faulkner, & Daniels, 1966; Klausen, Dill, &

Horvath, 1970; Dill & Adams, 1971) reports that an

improvement in the functional aerobic capacity of an

athlete at sea level will occur as a result of altitude

training. The second group (Grover & Reeves, 1967; Hansen

& Vogel, 1967; Salton, Grover, & Blomquist, 1968) reports

that altitude will not improve the functional aerobic

capacity of an athlete at sea level.

With the results of the first group in mind, stating

that altitude training does increase the functional aerobic

capacity of an athlete at sea level, InspirAir Corporation

designed and marketed the Po2 Aerobic Exerciser. This

device, when at sea level, simulates running at 7,500 feet

altitude. The designer claims that an athlete can live and

train at sea level doing the necessary anaerobic work one

day at sea level, while simulating 7,500 feet altitude

aerobic training in the same location on the other days.

There is only one published research at this time on

the Po
2
Aerobic Exerciser. This research gives only a brief

functional explanation of e Exerciser. This study
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(Wischnia, 1981) was performed utilizing members of the

University of Oregon varsity track team in 1981. After a

ten-week training period using the Po2 Aerobic Exerciser,

they reported an increase of 3.0% in the red blood cell

count and 4.2% increase in the hemoglobin count. However,

there is no supporting data indicating that a rise in the

red blood cell or hemoglobin count following altitude

training will produce improved running performance at sea

level.

Although altitude training improves performance at

altitude, there appears to be little supporting evidence

that altitude training improves sea level performance. In

fact, training at altitude for the elite athlete initially

may have a detrimental effect on the sea level performance,

due to the lower intensity of the training program brought

about by the decreased partial pressure of oxygen

associated with high altitude.

Purpose of the Study

The purpose of this study was to determine the

physiological effectiveness, if any, of an eight-week

experimental training program using the Po
2

Aerobic

Exerciser on increasing sea level aerobic capacity of

college cross country runners.
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Hypothesis

The hypothesis tested was that eight weeks of training

using the Po2 Aerobic Exerciser would not result in any

improvements in the functional sea level aerobic capacity

of the subjects.

Limitations

The major limitations of the study were:

1. Only male college-age varsity runners from Oregon

State University were used as subjects.

2. The use of a sub-maximal aerobic treadmill test,

a restriction place on the study by the Oregon

State University Human Subjects Committee.

3. The study involved only one training method,

long-distance running.

Delimitations

The scope of the study was limited by the following

factors:

1. The subjects were four male college varsity

runners.

2. One experimental and one control group were

utilized in the study.

3. The running training regime was an endurance

program.
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4. The length of the experimental period was eight

weeks, during which time blood tests and aerobic

capacity tests were administered. The subjects

trained 7 days a week.

5. Aerobic capacity was assessed using the Balke

Treadmill test protocol.

Basic Assumptions

The following assumptions were made for the study.

1. The Po
2

Aerobic Exerciser simulated 7,500 feet

altitude as indicated by the manufacturer.

2. The subjects performed maximally in their

training programs.

Definition of Terms

Terms frequently used throughout this study are

defined as follows:

ACCLIMATIZATION. Pertaining to specific physiological

adjustments brought about through continued exposure

to a different environmental stress, e.g., altitude.

CARDIAC OUTPUT. The volume of blood pumped by the heart in

one minute. Cardiac Output is the product of heart

rate times stroke volume.

DIFFUSION. The net movement of chemicals such as oxygen,

carbon dioxide and sodium from an area of high

concentration to an area of lower concentration.
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HEMATOCRIT. The percentage of blood volume that is made up

of red blood cells.

HEMOGLOBIN. A complex molecule found in red blood cells,

which contains iron (heme) and protein (globin) and is

capable of combining with oxygen.

HOMEOSTATIS. The tendency of the body to maintain its

internal environments with a narrow range of

temperatures, acidity, osmolarity, etc..

HYPDXIA. A relative lack of oxygen at the tissue site.

MYOGLOBIN. An oxygen binding pigment similar to hemoglobin

that gives the red muscle fiber its color. It acts as

an oxygen store and aids in the diffusion of oxygen.

MAXIMAL OXYGEN CONSUMPTION (Vo2 max.). The maximal rate at

which oxygen can be consumed per minute; the capacity

of the circulatory system to deliver oxygen to the

working muscles of the body and their ability to use

oxygen in producing energy.

OXYGEN TRANSPORT SYSTEM. Composed of the stroke volume

times the heart rate times the arterial-mixed venous

oxygen difference.

OXYHEMOGLOBIN DISSOCIATION CURVE. The graph of the

relationship between the amount of oxygen combined

with hemoglobin and the partial pressure of oxygen.

PARTIAL PRESSURE. The pressure exerted by a single gas in a

liquid i.e., the pressure of oxygen in the gas mixture

in the atmosphere.
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STROKE VOLUME. The amount of blood pumped by the left

ventricle of the heart per beat.

VARSITY RUNNER. A member of the OSU Cross Country Team,

earning a letter of award for his running

accomplishments.
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II. REVIEW OF RELATED LITERATURE

Altitude and Athletic Performance

In 1963 when the International Olympic Committee

awarded the 19th Olympic Games in 1968 to Mexico City,

which is situated at an altitude of over 2,134m, very few

people understood the significance of competition in the

endurance (aerobic) events at this altitude. It quickly

became clear that there would be a disparity between those

who lived at altitude and those who came from sea level.

The disparity was large enough to bring a degree of

unfairness. Several countries undertook physiological

investigations and the work of the British Olympic

Association brought a proposal from the International

Olympic Committee that a period of four weeks in the last

three months before the Games could be spent in training at

high altitude to acclimatize. It was an unsatisfactory

compromise, for many countries allowed their athletes to

train at altitude for much longer periods of time.

The adverse effects of competition at altitude were

soon to be seen once the Games began. Three of the first

four men in the 10,000m lived at high altitude and the

winning time was almost a minute slower than the Olympic

record. In the 5,000m, the same results could be traced,

with all of the medal winners natives of high altitude

areas. In fact, no sea level native won a long distance

race. Of all the medal winners, only 5 of the possible 15
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were not natives of high altitude. Charts A, B, C, and 0

illustrate time differences in the four long distance

running events from the 1952 through the 1984 Olympic

Games. The negative effects of altitude was quite evident

at the 1968 Mexico City Olympics.

Altitude Physiology

Oxygen Transport: Oxygen transported by the systemic

circulation has two major components: the quantity of

oxygen in each unit volume of arterial blood (Ca02) and the

number of unit volume of blood pumped by the heart per

minute (cardiac output). The former, oxygen content in

arterial blood, is a function of the oxygen-carrying

capacity of the blood as determined by the hemoglobin

concentration and the extent to which the hemoglobin is

saturated with oxygen (Sa02). In turn, this is influenced

by pulmonary ventilation. Cardiac output is determined by

the volume of blood ejected by the left ventricle per beat

(stroke volume) and the number of beats per minute (heart

rate). Therefore, in seeking the source of variability in

oxygen transport, one should examine the nature of

adaptation in ventilation, blood oxygenation, and cardiac

output.

Ventilation: As man ascends from sea level to high

altitude, he is exposed to a progressive decrease in

atmospheric pressure (Dill & Evans, 1970) and an associated

decrease in inspired oxygen pressure. Consequently,
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alveolar and hence arterial pressure (Pao2) falls,

stimulating ventilation. However, the ventilatory response

to acute hypoxia varies markedly among individuals

(Hirshman et al., 1975). Furthermore, this is not the only

mechanism that operates to alter ventilation during chronic

hypoxia. Therefore, it is not surprising that the net

increase in ventilation at high altitude is greater in some

individuals than in others. Shavers (1981) reported that

an increase of 65% in the rate and depth of breathing

occurs as an immediate response to high altitude. This

occurs as a means not only to provide for more oxygen, but

also to rid the body of large volumes of carbon dioxide

(CO2), resulting in a lowered partial pressure of carbon

dioxide (PCo2).

Blood Oxygenation: The two determinants of arterial

oxygen content are hemoglobin saturation (Sao2) and

hemoglobin which is normally reflected by the hematocrit.

After several days at high altitude, an increase in the

hematocrit is observed in most individuals. This results

from fluid shifts and a decrease in plasma volume (Dill &

Horvath, 1969). Hence, the increase in hematocrit indicates

a constant total red cell mass contained in a smaller total

plasma volume; total blood volume is, therefore, reduced

also. Limited data indicate that a rise in hematocrit is

of equal magnitude in young men and women (Hannon et al.,

1969 & Hansen et al., 1967). Also, the hemoconcentration
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response may not be attenuated with increasing age, but the

time of onset appears to be delayed (Klausen et al., 1970).

Overall, the associated increase in hemoglobin concen-

tration offsets the small decrease in saturation, with the

result that arterial blood showed no consistent change

following ten days adaptation to high altitude. From this,

one must conclude that the variability in oxygen transport

does not result in variability in hemoconcentration,

ventilation, or blood oxygenation.

Cardiac Output: In addition to arterial oxygen

content, the other major determinant of systemic oxygen

transport is cardiac output, which has two major

components: stroke volume and heart rate. Upon arrival at

high altitude, heart rate and cardiac output are greater

than at sea level during submaximal exercise, while maximum

heart rate and cardiac output remain unaltered (Stenberg &

Messin, 1966). However, after several days of adaptation

to high altitude, stroke volume decreases. Concurrently,

heart rate also decreases. Alexander (1967) found that

after ten days adaptation to 3,000m altitude, heart rate

during several levels of submaximal exercises was

essentially the same as it had been at sea level. Hence,

with a decrease in stroke volume and no change in heart

rate, cardiac output was less than at sea level during

submaximal exercise. Vogel (1974) showed that maximal

cardiac output reduces systemic oxygen transport and
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accounts for the decrease in Vo
2

max at high altitude.

Furthermore, there is an individual variability in

reduction of stroke volume (Astrand & Saltin, 1964).

Oxygen Dissociation

The inability at altitude to raise the cardiac output

to the maximal levels observed at sea level remains

unexplained (Pugh, 1964). It has been suggested that the

increased hematocrit and the consequent higher viscosity of

the blood was the major factor involved, but no positive

evidence for this has been reported. Grover (1970) measured

coronary blood flow at rest and at light work in subjects

after ten days at 3,200m altitude and found a marked

decrease. Apparently, the increased requirement for oxygen

by the myocardium were met mainly by an increased

concentration of 2,3 diphosphoglycerate in the red blood

cells. These findings suggest that 2,3 diphosphoglycerate

influence on shifting the oxygen dissociation curve to the

right, decreasing the affinity of hemoglobin for oxygen,

may alleviate the lack of coronary vasodilation and so

maintain myocardial oxygen tension at optimal levels.

(Figure 2.1 shows the oxygen dissociation curve.)

Consequently, the inability of man to elevate his cardiac

output may be limited simply by the failure of the coronary

blood flow to reach the levels required for this amount of

cardiac work.
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Lung Diffusing Capacity

Research indicates the normal diffusing capacity for

oxygen through the pulmonary membrane is about 22mmHg per

second (Shavers, 1981). During exercise at altitude, the

diffusing capacity will increase by 3 times the normal

amount (Shavers, 1981).
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Increased Vascularity

Another important adaptation that takes place at

altitude is an increase in the number of capillaries at the

tissue level where blood gas exchange occurs. The result of

this change means that the hemoglobin comes into a closer

contact with the tissue cells and provides oxygen with a

lower oxygen tension.

Now that the individual variability in adaptation to

high altitude has been examined, one must reflect upon the

significance of this adaptation. Clearly, the process of

adaptation does not counteract the fundamental hypoxic

stress. In response to the decrease in atmospheric oxygen

tension, the fall in alveolar partial pressure of oxygen is

lessened only slightly by hyperventilation. While the

resulting small decrease in oxygen saturation is offset by

hemoconcentration to restore arterial oxygen cardiac output

is reduced. Consequently, Vol max is never restored to

pre-altitude values. Hence, adaptation does not restore

the aerobic working capacity which the individual had at

sea level. In addition to this physical handicap, the

adapted individual must also tolerate impairments of the

central nervous system function, errors in measurement and

computation, sleep disturbances, difficulty in learning new

material, and impaired vision in dim light (Weinstein,

1969). Adaptation is, therefore, the process of adjustment

to the hypoxic stress of the high altitude environment.
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Presumably, with these adjustments, mental function remains

impaired. As with adjustments to any stress, age and sex

contribute to the variable response among individuals.

When man ascends to high altitude, one of the most

significant consequences is a reduction in his aerobic

capacity. Individual variability in this response reflects

variability in adaptation of the various oxygen transport

mechanisms. Analysis of these mechanisms reveals that

altitudes up to 4,300m, variabilities in hyperventilation,

hemoconcentration and blood oxygenation are not the major

limiting factors in oxygen transport. Rather, it is the

variable decrease in cardiac stroke volume (and hence in

cardiac output) that reduces oxygen transport and limits

oxygen uptake. Virtually, all of the adaptations to high

altitude are reversible by descent to sea level.

Oxygen Uptake and Altitude

One of the first comprehensive studies on maximum

oxygen uptake at altitude was made in 1937 (Buskirk, 1969).

In successive ten-day stays at four altitudes, the maximum

oxygen uptake of 3.72 liters at sea level showed a

progressive decrease to 81%, 69%, 59% and 48% of the

maximum recorded at sea level. The smallest reduction of

these levels was associated with longest period of time at

those altitudes. Buskirk (1969) concluded that in

unconditioned man, Vol max was reduced 3.2% for each

1,000ft increase in altitude. The decrease was less for
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physically conditioned men, being approximately 2% for each

1,000ft increase. According to some high altitude

investigators, the reduction in Vo
2

max at altitude

improves with increasing sojourn. Dill (1964) and Klausen

(1970) have reported gradual improvements in Vo2 max.

Grover and Reeves (1967) found in their studies on young

runners that the Vo
2

max was reduced 25% at 3,100m

altitude. However, they also reported no improvements

during 18 days at altitude nor on their return to sea

level. Dill (1971) also studied young runners at 3,090m

altitude and found a mean loss in Vo
2

max of about 20%

during the first week with gradual improvements during the

next ten days.

The capacity for expending energy anaerobically at

altitude decreased to a greater extent than the capacity

for aerobic work. Edwards (1936) has shown that the higher

the altitude, the smaller the increase in blood lactate in

maximal exercise. These findings have been confirmed by

Dill (1971) and Klausen (1970). This decrease in maximal

blood lactate concentration continued throughout acclimati-

zation of at least 6 weeks. It may also be related to the

reduction of alkali content of the blood at altitude, or it

may be due to a reduction in glycogen stores in muscles,

which is known to result in a reduced maximum blood lactate

after exercise.
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Several investigators (Dill, Adams, 1964; Balke,

Ellis, Wells, 1966; Klausen, Dill, Horvath, 1970) have

reported an increased Vol max of up to 10%, following the

return to sea level in subjects who had been in residence

for variable periods of time at altitude. Some of this

improvement post exposure may be related to a general

elevation in physical condition, to more frequent testing

periods, and overall increase in activity. Grover and

Reeves (1967) and Salton (1968) failed to find such a rise

in their highly trained runners. However, Dill and Adams

(1971) as well as Balke (1966) reported that in their

champion runners a small but significant increase in Vol

max occurred post-altitude. Hansen (1967) found no change

in Vo
2
max in young men acclimatized to Pikes Peak.

Although many investigators have studied the response

of man to maximal as well as to submaximal workloads, only

a few have directed their attention to sustained submaximal

levels. Billings (1971) determined the oxygen uptake of

men living at 3,800m altitude and working for 30 minutes at

50% and 67% of their sea level maximum capacity. They

reported that work which required an oxygen uptake of 2.1

liters or less could be sustained at about the same oxygen

cost at altitude as at sea level. Above this level of work,

i.e., oxygen uptake in excess of 2.5 liters, a slower

oxygen uptake was observed at the higher altitude. These

findings suggest that a larger oxygen debt was accumulated
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as a result of those higher sustained levels of work. All

subjects could maintain this level of work for the required

30 minutes, even after 21 days acclimatization to altitude.

Reeves and Daoud (1970) have presented some preliminary

results of their studies on long term work of 2 hours

duration at an altitude of 15,000ft altitude. The subjects

were exposed to this altitude. Although all six subjects

were able to complete their 2 hours of work, most required

encouragement to finish the task. All became unsteady and

found it necessary to hold the hand rail of the treadmill.

During the controlled walk at 1,000 ft. altitude at zero

grade and 3mph, expiratory gas volume (VE-BTPS) was 27.7

liters, oxygen uptake was 1.14 liters, and heart rate was

98 beats per minute. At a similar work load beginning

shortly after reaching 15,000ft altitude, these values were

expiratory gas volume-41.6, oxygen uptake-1.34, and heart

rate-130. These findings strongly suggest the need for

additional studies on long-term work at altitude.

Dill et al., 1964 measured the work capacity at sea

level and at altitude, of five men who had taken part in

similar studies at high altitude from 18 to 35 years

earlier. The maximum oxygen uptake declined with age, both

at sea level and at altitude. There was considerable

difference in the response of each individual in the rate

of adaptation. Whether or not older individuals can become

fully acclimatized to altitude remains an unanswered



23

question. Since significant individual differences in

physiological capabilities for adaptation were observed,

and in view of the occurrence of different mechanisms of

adaptation in older subjects, such as the failure of older

subjects to exhibit the hemoconcentration and decrease in

plasma volume seen in young men in the early days of

altitude exposure, it may be that the adaptive mechanisms

for exercise are also different. However, it was quite

apparent that although the pattern of improvement in

maximal physical work capacity was similar at all ages, the

rate of such improvement was different in the two groups.

Further investigation of the age-related capacities and

physiological adaptations is imperative to an understanding

of the process of adaptation.

Altitude: Metabolic Rate and Respiration

The physiological effects of altitude provide a never-

ending source of potential research problems. No other

environmental stress allows one to study in greater detail

the adaptability and limitation of organs and organ systems

to a variety of metabolic loads from rest to maximal

physical exercise.

In a study of the supine resting metabolic rate of

people undergoing physical training at low and relatively

high altitude elevations in the Alps, it was observed that

on the morning after a day of strenuous mountaineering at

altitudes around 2,000m, the basal metabolic rate of the
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well-trained individual was normal but that of the less

trained was elevated. On the other hand, at the higher

elevations above 3,000m, a similarly stressful day of

mountain climbing resulted in increased resting metabolic

rates for 24-36 hours in the well-trained individuals as

well (Balke, 1964). These experimental observations have

been emphasized to point to the varying demands on

pulmonary ventilation at different altitudes at which the

molecular oxygen requirements for given energy expenditures

during rest or work remain constant. Values of oxygen

consumed or of carbon dioxide exhaled are, as a rule,

expressed under conditions standardized with regard to

atmospheric pressure, temperature, and water vapor content.

Man's respiratory pump can be compared to any

mechanical pump that delivers flow at a magnitude depending

on bore, stroke, and frequency. In contrast to most pumps

or piston engines, in which bore and stroke remain constant

and only stroke frequency determines the total output in

time, the ventilatory pump of man can adjust to increasing

or decreasing demands not only with changes of the

respiratory frequency but with changes of "bore and stroke"

as well. Thus, a decrease in air density at high altitude

could be compensated for by an increase of the bore-stroke

frequency product, by augmented mechanical bellow action,

or shifts in the pulmonary gas concentrations towards lower

alveolar oxygen and higher carbon dioxide fractions. The
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later type of compensation has been well established

(Boothbay & Lovelace, 1954). However, the conditions of

homeostasis in the lungs are then upset and such

compensation can only be of temporary nature. It has been

pointed out by Rahn and Otis (1949) and by Riley and Otis

(1954) that during acute exposure to altitudes lower than

3,500m or to alveolar oxygen tension above 60mmHg, subjects

generally show no increase in pulmonary ventilation.

Since pulmonary ventilation is mainly geared to the

metabolic rate and probably more closely to the elimination

of carbon dioxide than to the demand for oxygen at least at

more normal oxygen pressure, a closer look at the change of

gas concentrations during the respiratory cycle might be

worthwhile. Possibly, the magnitude of change in the

partial pressure of carbon dioxide and oxygen during the

respiratory cycles are of greater importance for the

regulation of respiration than presently realized (Purves,

1969). In the resting state, these fluctuations are

relatively small, and ventilation is readily subjected to

voluntary control. In exercise, once the return of

metabolically produced carbon dioxide to a reduced end-

expiratory residual volume is high, it is nearly impossible

to hold the breath voluntarily or to extend the duration of

expiration for only a very short time. Although at sea

level, the corresponding value of alveolar tension would

not have been low enough to affect the oxygen saturation
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seriously. The exercise situation is probably inducive to

hyperventilatory adjustments in the newcomer to altitude.

There seems to be a carry-over of the increased ventilatory

response into the resting state, thus enhancing respiratory

adaptation to hypoxia. Ideally, optimal ventilatory

conditions would be re-established by bringing the gas

volumes back to sea level values. Experiments (Balke, Ellis

and Well, 1958) have shown that in acute exposure to a

simulated altitude of 4,260m in a low pressure chamber, V-

STPD was lower than at ground level and remained so after

one week and even three weeks of altitude acclimatization

in the mountains. Only after six weeks of acclimatization

to 4,260m altitude, possibly enhanced by physical training,

did V-STPD return to sea level values. The same trend was

observed when relating gas volume (V) to the volume of

carbon dioxide (Vco2), namely a relative hypoventilation

during acute exposure, which disappeared with progressive

acclimatization.

Racial Variability

Racial variability is also observed in response to

change in altitude. The decrease of Vol max and associated

changes in oxygen transport described above have been

observed consistently by many investigators taking sea

level residents to altitude. Vogel (1974) observed that

young men native to 4,300m altitude in Peru have virtually

the same Vol max at both sea level and 4,300m altitude.
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Whereas, in sea level natives, Vol max at 4,300m altitude

was reduced 30%. Furthermore, the Quechua Indians had a Vo2

max at 4,300m altitude equal to the lowlanders at sea

level. These remarkable observations appear to be explained

by the fact that in high altitude natives, cardiac output

is no less at 4,300m altitude than at sea level. By

maintaining cardiac output, they also preserve oxygen

transport and hence suffer no decrease in Vo
2

max at

altitude. How they accomplish this, no one knows. This

acclimatization to high altitude results from something

more than simply birth and lifelong exposure to the hypoxic

environment. Hartly and Grover (1967) studied men native

to 3,200m altitude in Colorado and found that cardiac

output was low by sea level standards, comparable to the

reduced cardiac output that developed in the sea level

residents transported to 3,200m altitude. Furthermore,

when the high altitude natives of Colorado were taken to

sea level, they demonstrated an increase in stroke volume

and a Vo
2

max, changes that are the reciprocal of those

seen in ascent to altitude.

Clearly then, there is an important aspect of

variability between high altitude natives in North American

and South America.
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Age and Sex Differences

Among people native to 3,200m altitude, age and sex

account for significant variability in the hemtologic

response to chronic hypoxia. At all ages and in both sexes,

values of hematocrit are higher at 3,200m altitude than at

sea level. Prior to puberty, boys and girls have the same

hematocrit (42%). However, with sexual maturation, males

develop hematocrits that are significantly higher than

those in females (Treger, 1965). Thus, in healthy adults,

the mean values for hematocrit are 50% in males and 45% in

females (Okin, Treger and Horvath, 1966). These increases

in hematocrit reflect a larger total body red cell mass,

which increases in response to the decrease in arterial

oxygen saturation. Since oxygen saturation decreased from

96% at sea level to 89% at 3,200m altitude, only a modest

increase in red cell mass and hematocrit would be expected.

One other maladaptation to high altitude is high altitude

pulmonary edema. This is a relatively rare, but serious

condition, which develops in otherwise healthy young

individuals within one to three days following rapid ascent

to altitudes above 2,800m.

Finally, while extensive published research exists

pertaining to athlete adaptation to altitude, there is none

relating to use of the Po2 Aerobic Exerciser in this

process.
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III. METHODOLOGY

This study was performed at Oregon State University,

Corvallis, Oregon, during the winter term of 1982. The

purpose of the study was to determine the effectiveness of

the Pot Aerobic Exerciser in improving running performance

of college varsity cross country runners at sea level.

This chapter outlines the selection of subjects, equipment,

testing, and training procedures.

Subjects

The subjects for this study were four male varsity

cross country runners from Oregon State University. Each

subject read and signed an Informed Consent Release Form

(Appendix A), prior to participating in the study. Each

subject was informed of the purpose and nature of the

study. The subjects ranged in age from 20 to 22. A summary

of their physical characteristics is contained in Table

3.1.

Table 3.1

Physical Characteristics of Subjects in Study

# Variable x S.D. Range

N = 4 Age 20.T5 .957 20-22
N = 4 Weight(lbs) 1551bs 2.94 151-158 lbs
N = 4 Height-Tins) 70.5" 1.0 69-71
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The four subjects were randomly divided into two

groups for the eight-week training program, two in the

experimental group and two in the control group.

Testing Equipment and Instrumentation

1. Po
2

Aerobic Exerciser. This device was certified

by the InspirAir Corporation to simulate 7,500ft

altitude when worn (see Figure .3.1).

2. Treadmill. A Quinton Treadmill Model Q18-60 was

used in the testing of the sub-maximal pre-post

Balke treadmill protocol (see Figure 3.2).

3. Cardiotachometer. A Quinton Model Q116-29

cardiotachometer was used during the treadmill

testing to monitor the heart rate and any

abnormalities that might occur during the

treadmill test (see Figure 3.3).

4. Electrocardiograph Recorder. A Quinton Model

Q630-636 was used to record the heart rate on

cardiograph paper (see Figure 3.4).

5. S2hygmonanometer and Stethoscope. A Tycos Model

5079-28 was used during the treadmill testing to

monitor blood pressure during the testing

procedures.

All equipment used was certified as calibrated by the

Human Performance Laboratory staff, with the exception of

the Po
2

Aerobic Exerciser, which was certified by its

manufacturer.
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Figure 3.1 Po2 Aerobic Exerciser

Figure 3.2 Quinton Treadmill
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Figure 3.3 - Quinton Cardiotachometer

Figure 3.4 Quinton Electrocardiograph Recorder
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Training Procedures

An eight-week experimental training period followed

the pre-testing period. All subjects undertook the same

training schedule.

The subjects trained 7 days a week. All subjects ran

every morning, Monday thru Friday, with the experimental

group wearing the Po2 Aerobic Exerciser and the control

group running without the Po2 Aerobic Exerciser. An aerobic

run was also conducted on Monday, Wednesday, and Friday

afternoons, in which the experimental group wore the Po2

Aerobic Exerciser and the control group did not. On

Tuesday, Thursday, and Saturday afternoons, all of the

subjects ran the same interval (anaerobic) workout free of

the use of the Po
2

Aerobic Exerciser. On Sunday, a 12 to

15 mile run was conducted with the experimental group again

wearing the Po
2

Aerobic Exerciser and the control group

running without the aid of the Po
2

Aerobic Exerciser. Upon

completion of the eight-week experimental training period,

all of the subjects returned to the laboratory and Tests A,

B, and C were then conducted again in exactly the same

manner as in the pre-testing. Appendix B gives a complete

detailed training schedule. Below is a sample of the first

week of the experimental training program.
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Monday AM 6-mile run
PM 6-mile run

Tuesday AM 6-mile run
PM 8x800m 2:20 up Witham Hill

8x300m 47 sec on lower campus grass loop

Wednesday AM 6 -mile run
PM 8-mile run

Thursday AM 5-mile run
PM 3-mile run at 5:15 pace on track

1x1320m 66 sec pace
2x800m 65 sec pace
3x400m 64 sec pace

Friday AM 4 -mile run
PM 6-mile run

Saturday 2-mile run 40/30 drill
4x800m 68 sec pace
6x200m 30/30

Sunday 15-mile run

Testing Procedures

To decrease the possibility of testing error, each

subject was given the same verbal treadmill test protocol

instructions prior to taking the test. The subject being

tested was the only person allowed in the room during

testing, except for the research team.

Three tests, a blood chemistry analysis, a Balke

protocol treadmill test wearing the Po2 Aerobic Exerciser,

and a Balke protocol treadmill test without the use of the

Po
2

Aerobic Exerciser were administered to each subject

before the start of the eight-week experimental training

period. After the completion of the eight-week experimental
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training period, the three tests were again administered in

the same manner as the pre-testing.

Test A - Blood Chemistry

Blood samples were drawn from each subject by a

technician of the Oregon State University Health Center.

The testing protocol was conducted so that each subject was

in a still seated position in the laboratory for a 30-

minute period before a sample of blood was drawn. This was

done to prevent any false reading on the blood chemistry

analysis. Analysis conducted on the samples were Total Red

Blood Cell count (RBC) and Total Hemoglobin concentration

(Hgb).

Test B - Submaximal Balke Treadmill Test Without the Po
2Aerobic Exerciser.

A submaximal treadmill test to 85% of the subject's

Vo
2

max, as restricted by the Human Subject Committee was

administered. The formula used to calculate the target

heart rate used to terminate the test was 220-Age x 85%.

The procedure for administering the treadmill test

were as follows: The Balke protocol treadmill test was

used. The speed of the treadmill was set at 3.3 mph. The

grade was set at 0% and was raised to 2% after the first

minute and then 1% every minute thereafter until a maximum

elevation of 25% was reached. At the 24-minute mark of the

test with the grade of the treadmill at 25%, the speed of

the treadmill was increased 0.2 mph per minute, while the
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elevation remained constant at 25% until the target heart

rate was achieved. Figure 3.5 shows a diagram of the Balke

Protocol.

22

Grade (%) 18

14

10

6

2 Constant 3.3 mph speed

0 2 4 6 8 10 12 14 16 18 20 22
Minutes

Figure 3.5 Balke Treadmill Protocol

Prior to the beginning of the Balke protocol, the

subject was prepared with a standard 12-lead ECG electrode

placement. Electrode placement sites were shaven to remove

hair and to aid in electrode adhesiveness and artifact

mitigation. The skin was then rubbed with alcohol to

remove skin oil and finally rubbed with a mild abrasive pad

to remove the top layer of epidermis and dead skin cells.

A pre-gelled electrode was then placed at each of the

sites.

Blood pressure readings were then taken in the supine,

sitting, and standing position on the left arm. Upon

completion of the blood pressure recordings, a resting ECG

was taken from the ECG recorder. The subject then

voluntarily hyperventilated for a 30-second period; upon
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completion of the 30-second hyperventilation another ECG

recording was taken. Upon completion of this, the actual

treadmill test began. During the actual treadmill test,

heart rate was recorded every minute from the Quinton

cardiotachometer. A printed ECG recording was taken at 1

minute, 5 minutes, and at 5-minute intervals thereafter. A

recording was then taken during the last 15 seconds of the

test. Upon reaching the target heart rate, the test was

terminated. At the termination of the test, a 5-minute

cool-down period of walking on the treadmill at 1.5 mph and

0% grade was administered, followed by a 7-minute supine

recovery period.

Blood pressure readings, were taken and recorded at 1

minute, 3 minutes, and at 3-minute intervals thereafter. A

reading was then taken during the last 15 seconds of the

test. Immediately following the treadmill test, a reading

was taken, and additional readings were taken at 3-minute

intervals during the cool-down and recovery period.

Test C Submaximal Balke Treadmill Test Wearing the Pot
Aerobic Exerciser

A period of two days of rest was taken between Test B

and Test C. The procedure for Test C was identical to Test

B, with the exception that in Test C the subject wore the

Po
2

Aerobic Exerciser. Appendix C shows the minute by

minute heart rate and blood pressure for all of the

subjects for Test B and Test C. Also included in Appendix
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C is a graph for the minute-by-minute rise of the heart

rate for each subject.

Statistical Analysis of the Data

The t-test was used to compare the differences of the

pre-post treadmill end times and blood analysis. The .10

level of significance was selected for all statistical

conclusions in retaining or rejecting the null hypothesis.
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IV. ANALYSIS AND DISCUSSION OF DATA

The primary purpose of this study was to determine the

effectiveness of the Pot Aerobic Exerciser in simulating

high altitude training in cross country runners at sea

level. Four healthy male members of the Oregon State

University varsity cross country team were randomly selected

for this study. All subjects had similar physical

characteristics and abilities and were given a complete

physical examination prior to the start of the study. A

statistical analysis was made of the pre-post aerobic

capacity treadmill test and the pre-post blood chemistry

profile (red blood cell count and hemoglobin count) at the

conclusion of the eight-week experimental training period.

Statistical Treatment

The t-test was used to make a statistical comparison of

the differences of the pre-post end time treadmill results

and the pre-post blood chemistry analysis of the

experimental group and the control group. The .10 level of

significance was used in retaining or rejecting the

hypothesis tested. The results were also treated with

means, standard deviation, and range. Table 4.1 shows the

means, standard deviation and range treatment.
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Table 4.1

Statistical Treatment (means, standard deviation,
and range)

Pre-Test End Time Treadmill W/0 Po9
7 S.D. Rang

N = 4 28 .816 27-29

Post-Test End Time Treadmill W/0 Po9
S.D Range'

N = 4 29.25 2.217 26-31

Pre-Test Red Blood Cell Count
S.D. Range

N = 4 4.685 .140 4.51-4.84

Post-Test Red Blood Cell Count
S.D. Range

N = 4 4.630 .122 4.46-4.75

Pre-Test Hemoglobin Count
S.D. Range

N = 4 14.125 .506 13.5-14.75

Post-Test Hemoglobin Count
7 S.D. Range

N = 4 14.125 .512 13.6-14.8

Presentation of the Findings

A statistical comparison of the findings in each of the

measured variables is presented and discussed in the

following divisions: (1) pre-post end time treadmill results

in relationship to an intensive eight-week experimental

training program, and (2) blood chemistry analysis of the

red blood cell and hemoglobin count in the pre-post testing

as well.
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Pre-Post End Time Treadmill Results

The t-test treatment of the pre-post end time treadmill

results revealed that there was no significant difference

between the experimental group and the control group at the

end of the eight-week experimental training program, thereby

retaining the null hypothesis. Table 4.2 shows the results

of the t-test comparison of the two groups.

Table 4.2

End Time Treadmill Test Results

Experimental 2

Group Pre(xl) Post (x2) (xl)

1 28 31 784

2

(x2)

961
2 28 30 784 900

Control
Group

3 29 30 841 900
4 27 26 729 676

= .10
df = 2 Decision: Retain null hypothesis

-1.015 <2.920
tabular t = 2.920 computed t = -1.015

Blood Chemistry Analysis

The t-test was used to compare the pre-post red blood

cell and hemoglobin count between the experimental group and

the control group. The test results showed that there was no

significant difference between the experimental group and

the control group in the blood chemistry analyses after the

conclusion of the eight-week training program. Tables 4.3
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and 4.4 show the results of the t-test statistical

comparison of the two groups.

Table 4.3

Red Blood Cell Test Results

Red Blood Cell Pre-Post Test Count

Experimental
Group Pre(xl) Post (x2)

2 2

(xl) (x2)

1 4.51 4.46 20.30 19.89
2 4.84 4.64 23.43 21.53

Control
Group

3 4.65 4.67 21.62 21.81
4 4.74 4.75 22.47 22.56

a = .10
df = 2 Decision: Retain null hypothesis

.024 <2.920
tabular t = 2.920 computed t = .024

Table 4.4

Hemoglobin Test Results

Hemoglobin Pre-Post Test Count

Experimental
Group Pre(x1) Post (x2)

2

x 1 )

1

2

14.3 14.2
14.0 13.9

204.49
196.00

2

(x2)

201.64
193.21

Control
Group

3

4

14.7 14.8
13.5 13.6

216.09
182.25

219.04
184.96

a = .10
df = 2 Decision: Retain null hypothesis

0 <2.920
tabular t = 2.920 computed t = 0
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A percentage differential treatment was also given to

the end time treadmill test results and the blood chemistry

analysis. Table 4.5 shows the findings of the percentage

treatment.
Table 4.5

Percentage Differential Treatment

Experimental
Group

1 28
2 28

Treadmill End Time Results

Pre- Post-
Test w/o Po

2
Test w/o Po2_Time T % Means

31

30
+3min
+2min

+10.7 +8.93
+8.93

Control
Group

3 29
4 27

30
26

+1min
-1min

+3.45 -.125
-3.70

Red Blood Cell Differential

Pre-RBC Post-RBC Count 7.7 Means
Experimental

Group
1 4.51 4.67 -.05 -.01 -.025
2 4.84 4.64 -.20 -.04

Control
Group

3 4.65 4.67 +.02 +.01 +.01
4 4.74 4.75 +.01 +.01

Hemoglobin Count Differential

Pre-HO Post HO Count 7 VT Means
Experimental

Group
1 14.3
2 14.0

14.2 -.1 -.01 -.01
13.9 -.1 -.01

Control
Group

3 14.7 14.8 +.1 +.01 +.01
4 13.5 13.6 +.1 +.01



44

Discussion of the Findings

A t-test of the end time treadmill test results between

the experimental group and the control group indicated that

there is no significant difference in aerobic capacity after

using the Pot Aerobic Exerciser in an eight-week

experimental training program. However, a small percentage

increase of the experimental group on the end time treadmill

results did exist, which is consistent with other studies

(Balke et al., 1966; Klausen et al., 1970 and Dill & Adams,

1971). In training for elite competition, a 7 to 10%

increase in the competitive times of an athlete in a 5,000m

race would indicate a significant difference. However, one

should not attempt to correlate an increased treadmill time

to an increased competitive time in actual race conditions.

Although an increased treadmill time would signify an

improvement in Vol max, there are too many other variables

in actual race situations, such as a varied pace, weather,

conditions of the tracks, etc. Probably more important than

the environmental condition in competition, is the psycho-

logical state of the competitors. In the laboratory, all

race type of situations are removed and all the subject must

do is walk, run, etc, to the speed of the treadmill, while

in race conditions the subject (athlete) must be concerned

with all of the other strengths and weaknesses of his fellow

competitors.
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The Pot Aerobic Exerciser was marketed on the theory

that altitude training will increase sea level running

performance. The literature, however, seems to be divided

regarding this theory. Some investigators (Balke et al.,

1966; Klausen et al., 1970 and Dill & Adams, 1971) have

reported an increase in Vol max of up to 10% following

return to sea level from a stay at altitude. Some of this

post exposure may be related to a general increase in

physical condition which occurred during the time spent at

altitude. Other studies (Grover & Reeves, 1967; Hansen &

Vogel, 1967 and Salton et al., 1968) failed to find such an

increase in Vol max in their highly-trained runners after a

stay at altitude. The results of this study raise serious

questions as to the value of the Pot Aerobic Exerciser and

its ability to improve sea level running performance.

Blood Chemistry Analysis. Studies (Stenberg & Messin,

1966; Dill & Horvath, 1969 and Hannon et al., 1969)

indicate that when a person travels to altitude, and the

partial pressure of oxygen decreases, the body compensates

by increasing its red blood cell and hemoglobin

concentration to aid the body in its transportation of

oxygen. Proponents of altitude training theorize that this

increase at altitude will enable the athlete to have an

increased oxygen transporation system on their return to

sea level, thereby increasing their sea level aerobic

capacity. Studies (Grover & Reeves, 1967 and Dill &
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Horvath, 1969) indicate, however, that on return to sea

level the body again compensates in the reverse order as it

did at altitude. In other words, the extra oxygen needed by

the body at altitude is no longer needed back at sea level

and the body compensates for this by returning to its sea

level state. The results of this study found the exact

opposite occur in the use of the Po2 Aerobic Exerciser.

The experimental group showed a decrease in their red blood

cell and hemoglobin count, while the control group showed

an increase in their red blood cell and hemoglobin count

following an eight-week training period. Neither the

increase nor the decrease on either side was significant,

but it does warrant further consideration and study.

A possible explanation of the decrease in red blood

cell and hemoglobin in the experimental group would be that

the Po
2

Aerobic Exerciser does not effectively remove the

carbon dioxide from the expired air canister.

Another point to question regarding this study is the

decrease in the end time treadmill results of one of the

subjects in the post testing. No illness nor any problems

were reported during the course of this study by an

subject, and so no real explanation can be given as to why

a decrease occurred. A complex multiple of daily

physiological and psychological variables are involved in

determining the ability of man to perform work. Since all

the factors that determine man's performance have not been
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identified and understood, it is, indeed, impossible to

explain the reason. Further complications in this analysis

is the wide variation in responses to stress and levels of

work of man at any given time. Therefore, one would only

be able to speculate as to the reason.
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V. SUMMARY, CONCLUSION AND RECOMMENDATIONS

Summary

High altitude training for the runners has, at time,

become the single most important factor in their training

regimen. Since the 1968 Olympic Games and the resurgence of

the African Nations in the endurance events during the

Games in the thin air of Mexico City, runners have traveled

to high altitude in search of the "magic key" to improve

their sea level aerobic capacity. However, for a variety

reasons, many runners were unable to travel to high

altitude areas for sufficient periods of time to gain any

training effects from their exposure to altitude. In 1981,

a device was developed, called the Po2 Aerobic Exerciser,

that was designed to simulate training at 7,500 ft altitude

when worn at sea level.

The primary purpose of this study was to determine

what effect, if any, the Po2 Aerobic Exerciser had in

simulating high altitude training in cross country runners

at sea level, as measured by improvement in sea level

performance.

Four healthy male runners on the Oregon State

University varsity cross country team were selected as

subjects for the study. All the subjects were given two

Balke protocol treadmill tests at the beginning of the

study. The first test was given with each subject wearing

the Po Aerobic Exerciser; the second test was given
2



without the use of the Po
2

Aerobic Exerciser.
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A blood

sample was drawn from each subject at the beginning of the

study and a count was made of the red blood cell and

hemoglobin concentration. At the conclusion of the pre-

testing, the four subjects were divided into two groups for

the eight-week experimental training period. The

experimental group trained with the aid of the Po2 Aerobic

Exerciser and the control group trained without. At the

conclusion of the eight-week experimental training period,

the post tests were administered.

Analysis of the data was made using the t-test as a

statistical procedure.

Conclusion

Based upon the results of the t-test, no significant

gains were made by the experimental group wearing the Po2

Aerobic Exerciser over the control group. The experimental

group made a small but insignificant gain over the control

group in their end time post treadmill test results. In

addition, statistical comparisons were made on the pre-post

blood chemistry analysis. Again, no significant changes

were recorded by the experimental group over the control

group. The experimental group did show a slight decrease

in their blood chemistry analysis (red blood cells and

hemoglobin) which is contrary to what the research

literature indicates should have occurred (Dill and

Horvath, 1969).
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In the final analysis, based upon the findings of this

study, the Po2 Aerobic Exerciser does not produce any

significant improvement in sea level running, as measured

by the Balke treadmill protocol, and the blood chemistry

analysis (red blood cell and hemoglobin count) in an eight-

week experimental training program.

Recommendations

Recommendations for further studies are:

1. To redesign a more efficient Po
2

Aerobic

Exerciser for possible sea level training.

2. To compare subjects actually training at 7,500

feet altitude to subjects using a redesigned Po2

Aerobic Exerciser at sea level.

3. A study on the psychological state of the subject

wearing the Po2 Aerobic Exerciser during short

and long-term training.

4. To determine the effectiVeness, if any, of the

Po
2

Aerobic Exerciser on anaerobic performance,

such as sprint running.

5. A comprehensive blood study done during the

actual experimental training period to present a

clear picture of the changes occurring in the

blood chemistry as an adaptive response to using

the Po
2

Aerobic Exerciser.
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Appendix A

The Department of
Physical Education
Oregon State University

INFORMED CONSENT RELEASE

In consideration of the benefits to be derived and the
data to be generated, the undersigned, a student of Oregon
State University, agrees to participate in the research
project, "The Effectiveness of the Po 9 Aerobic Exerciser in
Simulating High Altitude Training at'Sea Level," under the
direction of Gary Sievers, Master Candidate in Education at
Oregon State University.

The undersigned states that he has read an outline of
proposed study, including the possible risks and benefits,
and is participating voluntarily and consents to following
the testing and training program. The undersigned also
agrees to the use of the data generated therefrom, as the
above agencies may desire.

At any time during the study, the subject is free to
discontinue the study.

Participant

Date
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Appendix B

8-Week Training Schedule

WEEK 1

Monday AM 6 -mile run
PM 6-mile run

Tuesday AM 5-mile run
PM 8x800m 2:20 up Witham Hill

8x300m 47 sec on lower campus grass loop
Wednesday AM 6-mile run

PM 8-mile run
Thursday AM 5-mile run

PM 3-mile run at 5:15 pace on track
1x1320m 66 sec pace
2x800m 65 sec pace
3x400m 64 sec pace

Friday AM 4-mile run
PM 6-mile run

Saturday AM 2-mile run 40/30 drill
4x800m 68 sec pace 2-minute recovery
6x200m 30/30

Sunday AM 15-mile run

WEEK 2

Monday AM 6 -mile run
PM 6-mile run

Tuesday AM 4-mile run.
PM 4xmile cut-downs 4:56, 4:48, 4:40, 4:32

4x400 67 second recovery
Wednesday AM 6 -mile run

PM 10-mile steady easy run
Thursday AM 5-mile run

PM 1x1320 65 sec pace
2x800 64 sec pace
3x400 63 sec pace
4x300 46 sec pace

Friday AM 4-mile run
PM 4-mile run

Saturday AM 8x800-33 Drill McDonald Forest
Sunday AM 12-mile run
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WEEK 3

Monday AM 6 -mile run
PM 8-mile run

Tuesday AM 5-mile run
PM 8x800-300 Drill

Wednesday AM 6 -mile run
PM 8-mile run

Thursday AM 5 -mile run
PM 3-mile run at 5:15 pace

3x1320 66 sec pace
3x400 66 sec pace

Friday AM 4 -mile run
PM 6-mile run

Saturday AM 10 -mile run with Pot
Sunday AM 12-mile run

WEEK 4

Monday AM 6 -mile run
PM 6-mile run

Tuesday AM 5-mile run
PM 6x800-300 drill 2:20, 2:18, 2:16, 2:14, 2:12,

2:10
Wednesday AM 5 -mile run

PM 10-mile steady easy run
Thursday AM 5-mile run

PM 4x800 64 sec pace
1x400 57 sec pace

Friday AM 4 -mile run
PM 6-mile run

Saturday AM 3x1320 65 sec pace
3x1 mile 5:00, 4:48, 4:32
6x300 47 sec pace

Sunday AM 15-mile run
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WEEK 5

Monday AM 6 -mile run
PM 6-mile run

Tuesday AM 5-mile run
PM 8x800-300 drill

Wednesday AM 5 -mile run
PM 8-mile steady easy run

Thursday AM 5-mile run
PM 4x800 65 sec pace

1x400 63 sec pace
Friday AM 4-mile run

PM 5-mile run
Saturday AM lx1 mile 4:40

1x2 mile 9:20
lx1 mile 4:32

Sunday AM 15-mile run

WEEK 6

Monday AM 6 -mile run
PM 6-mile run

Tuesday AM 5-mile run
PM 8x800-300 drill

Wednesday AM 6 -mile run
PM 8-mile steady easy run

Thursday AM 5-mile run
PM Steady 3-mile run

lx1 mile run 4:32
2x800 64 sec pace
4x400 63 sec pace

Friday AM 4-mile run
PM 6-mile run

Saturday AM 10 mile hard run with Po2
Sunday AM 12-mile run
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WEEK 7

Monday AM 6-mile run
PM 8-mile run

Tuesday AM 5-mile run
PM 8x800-300 drill

Wednesday AM 6 -mile run
PM 8-mile run

Thursday AM 5-mile run
PM 1x1320 65 sec pace

2x800 63 sec pace
4x400 62 sec pace

Friday AM 4 -mile run
PM 5-mile run

Saturday AM 12x400 65 seconds/30 second rest
Sunday AM 12-mile run

WEEK 8

Monday AM 6 -mile run
PM 7-mile run

Tuesday AM 5-mile run
PM 8x800-300 drill

Wednesday AM 5-mile run
PM 10-mile easy run

Thursday AM 4-mile run
PM lx1 mile 40/30

2x800 64 sec pace
4x400 61 sec pace

Friday AM 4-mile run
PM 6-mile run

Saturday AM lx1 mile 40/30
1x1320 65 sec pace
3-mile run
2x600-500-400-300-200-63 sec pace

Sunday AM 15-mile run
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Appendix C

Subject 1

Target Heart

Pre-test with Po
2

Min HR BP

Rate 170

Post-test with Po
2

Min HR BP

1 58 118/70 1 70 106/66
2 68 2 64
3 58 124/68 3 70 108/66
4 60 4 70
5 68 5 74
6 80 124/66 6 76 106/66
7 76 7 80
8 84 8 77
9 82 128/66 9 90 108/66
10 90 10 87
11 94 11 101
12 105 150/66 12 90 112/64
13 103 13 116
14 108 14 105
15 115 154/64 15 110 126/64
16 115 16 113
17 118 17 129
18 122 166/64 18 125 136/64
19 128 19 133
20 130 20 136
21 138 180/64 21 135 146/64
22 140 22 142
23 145 23 145
24 152 186/64 24 158 152/64
25 159 25 155
26 165 26 164
27 170 196/64 27 170 160/64

Recovery

1 110 142/66 1 98 120/64
2 92 2 92
3 84 128/70 3 81 110/66
4 74 4 78
5 76 5 70

6 52 120/74 6 58 106/68
7 54 7 61

8 50 8 52
9 54 120/76 9 43 108/68
10 55 10 50
11 54 11 49
12 56 118/76 12 47 108/70
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Subject 1
Pre-test without Po

2

Min HR BP

Post-test without Po
2

Min HR BP

1 60 110/70 1 63 116/68
2 62 2 60
3 52 120/70 3 64 118/68
4 67 4 62
5 72 5 63
6 61 130/70 6 66 120/68
7 67 7 68
8 74 8 70
9 81 134/66 9 74 122/66
10 81 10 76
11 89 11 79
12 82 134/66 12 84 130/64
13 99 13 87
14 98 14 92
15 99 146/64 15 96 126/64
16 106 16 102
17 112 17 106
18 117 150/64 18 107 148/64
19 117 19 110
20 119 20 114
21 120 160/64 21 120 156/64
22 120 22 123
23 130 23 130
24 138 164/62 24 132 160/64
25 139 25 138
26 159 26 138
27 165 170/62 27 151 166/64
28 170 174/62 28 154

29 158
30 164 174/64
31 170 176/64

Recovery

1 96 174/66 1 124 144/66
2 86 2 76
3 75 140/70 3 68 124/68
4 67 4 66
5 52 5 64
6 47 108/70 6 56 110/68
7 49 7 49
8 46 8 52
9 44 112/74 9 50 112/68
10 43 10 46
11 43 11 45
12 42 112/72 12 44 112/68
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Subject 2

Target Heart Rate

Pre-test with Pot

Min HR BP

- 170

Post-test with Po
2

Min HR BP

1 82 112/72 1 82 108/66
2 78 2 77
3 88 110/68 3 82 108/66
4 90 4 92
5 91 5 97
6 88 122/66 6 86 106/66
7 93 7 90
8 99 8 92
9 98 120/66 9 95 108/66
10 106 10 100
11 109 11 100
12 114 130/66 12 105 112/64
13 120 13 106
14 126 14 123
15 128 140/64 15 122 126/64
16 132 16 124
17 134 17 126
18 138 142/64 18 129 136/64
19 140 19 135
20 142 20 141
21 146 150/62 21 146 146/64
22 150 22 147
23 155 23 150
24 159 170/62 24 155 152/64
25 164 25 160
26 168 26 162
27 172 174/62 27 166 160/64

28 170 164/64

Recovery

1 105 140/64 1 102 136/68
2 100 2 96
3 105 130/66 3 100 120/68
4 96 4 94
5 88 5 84
6 76 118/68 6 90 110/68
7 60 7 87
8 55 8 84
9 58 114/72 9 61 110/68
10 62 10 63
11 56 11 60
12 62 112/74 12 63 110/70
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Subject 2
Pre-test without Po

2

Min HR BP

Post-test without Po
2

Min HR BP

1 77 130/74 1 74 120/70
2 77 2 85
3 73 138/72 3 81 120/70
4 78 4 84
5 84 5 82
6 82 138/70 6 83 120/68
7 90 7 91
8 94 8 94
9 98 142/70 9 97 124/66
10 105 10 97

11 96 11 100
12 98 140/68 12 103 134/66
13 105 13 106
14 112 14 110
15 115 142/66 15 111 134/66
16 120 16 112
17 125 17 124
18 130 146/66 18 123 136/66
19 132 19 127
20 135 20 129
21 138 160/66 21 134 140/66
22 140 22 136
23 148 23 143
24 150 166/64 24 145 148/64
25 152 25 147
26 162 26 151
27 166 176/64 27 160 152/64
28 170 180/64 28 164

29 166
30 173 160/64

Recovery

1 98 160/64 1 121 120/64
2 100 2 100
3 88 136/66 3 98 120/66
4 84 4 89

5 80 5 90

6 64 130/76 6 91 120/70
7 66 7 60

8 58 8 64

9 60 120/76 9 68 118/70
10 60 10 58

11 62 11 57

12 56 116/78 12 54 118/72
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Subject 3

Target Heart Rate

Pre-test with Po
2

Min HR BP

- 170

Post-test with Po
2

Min HR BP

1 75 120/70 1 69 126/68
2 84 2 78
3 78 120/68 3 82 126/68
4 80 4 72
5 82 5 70
6 84 128/68 6 76 130/68
7 89 7 82
8 96 8 92
9 98 138/68 9 105 136/66
10 100 10 93
11 98 11 94
12 102 142/66 12 87 146/66
13 108 13 107
14 112 14 108
15 114 148/66 15 112 152/66
16 115 16 118
17 118 17 122
18 122 154/64 18 124 166/66
19 125 19 127
20 130 20 130
21 135 168/64 21 136 170/64
22 139 22 144
23 148 23 158
24 154 174/64 24 159 176/64
25 158 25 162
26 162 26 165
27 170 188/62 27 171 180/64

Recovery

1 120 152/64 1 128 156/66
2 110 2 116
3 105 148/66 3 97 140/68
4 100 4 100
5 98 5 90
6 84 130/68 6 87 132/72
7 75 7 64
8 56 8 57

9 48 120/72 9 58 124/72
10 52 10 50
11 54 11 51

12 50 110/72 12 54 112/74
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Subject 3
Pre-test without Po

2

Min HR BP

Post-test without Po
2

Min HR BP

1 69 124/74 1 71 120/68
2 62 2 64
3 59 126/76 3 57 122/68
4 79 4 72
5 64 5 70
6 73 130/72 6 72 124/66
7 80 7 80
8 81 8 81
9 84 140/72 9 81 124/66
10 88 10 89
11 92 11 91
12 94 140/70 12 94 132/66
13 96 13 96
14 96 14 119
15 105 164/66 15 130 142/66
16 105 16 109
17 105 17 112
18 114 176/66 18 118 150/64
19 117 19 122
20 122 20 123
21 122 180/64 21 125 156/64
22 128 22 134
23 134 23 139
24 142 184/64 24 147 166/64
25 150 25 155
26 154 26 155
27 156 186/64 27 157 182/62
28 164 28 160
29 172 190/62 29 166

30 170 186/62

Recovery

1 129 174/64 1 154 160/62
2 112 2 112
3 98 152/68 3 103 122/68
4 102 4 101
5 98 5 98
6 55 136/76 6 84 128/70
7 63 7 80
8 57 8 82
9 50 120/72 9 85 122/70
10 56 10 80
11 55 11 60
12 57 120/74 12 58 118/72
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Subject 4

Target Heart Rate

Pre-test with Po
2

Min HR BP

- 170

Post-test with Po
2

Min HR BP

1 94 140/68 1 84 134/70
2 98 2 82
3 94 140/66 3 82 138/68
4 96 4 94
5 96 5 100
6 99 150/66 6 107 144/68
7 106 7 111
8 109 8 116
9 112 152/64 9 118 152/66
10 114 10 121
11 114 11 123
12 118 156/64 12 126 158/64
13 123 13 130
14 128 14 133
15 131 164/62 15 133 158/64
16 136 16 140
17 139 17 144
18 148 166/62 18 148 170/62
19 150 19 154
20 152 20 158
21 160 170/62 21 169 174/62
22 169 174/60

Recovery

1 120 170/64 1 124 160/64
2 100 2 102
3 102 132/62 3 104 134/66
4 97 4 94

5 95 5 88

6 78 134/70 6 90 130/68
7 82 7 88

8 88 8 84

9 82 126/70 9 84 128/70
10 76 10 80

11 76 11 78

12 78 122/72 12 74 124/74
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Subject 4
Pre-test without Po

2

Min HR BP

Post-test without Po
2

Min HR BP

1 79 128/70 1 72 120/70
2 84 2 79
3 80 138/70 3 80 132/70
4 81 4 83
5 83 5 86
6 92 152/68 6 90 148/68
7 105 7 96
8 93 8 95
9 106 164/66 9 96 158/68
10 109 10 98
11 96 11 101
12 98 176/64 12 103 168/66
13 105 13 107
14 106 14 109
15 112 178/64 15 114 178/64
16 110 16 115
17 116 17 118
18 118 186/64 18 124 184/64
19 121 19 129
20 125 20 131
21 132 188/62 21 138 188/62
22 134 22 146
23 144 23 149
24 144 190/62 24 152 192/62
25 150 25 160
26 158 26 169
27 169 204/62

Recovery

1 100 144/66 1 109 148/64
2 94 2 96
3 88 143/66 3 90 130/66
4 86 4 88
5 86 5 80
6 75 134/70 6 74 124/68
7 74 7 70
8 72 8 69
9 72 122/70 9 70 122/70
10 70 10 66
11 70 11 66
12 68 120/74 12 64 122/74
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