
ABSTRACT

Correlations between actual V02max and the two walk V02max
prediction tests in absolute and relative values.
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DZABOFF. J .M. A comparative analysis of the one-mile walk""CfWd=tast to
actual maximal oxygen consumption values in cOllege females. M~S. in
Adult Fitness/Cardiac Rehabilitation, 1989, 74pp. (N .K. Butts).

30 healthy college female volunteers, 18-29 yrs, performed an actual
V02max treadmill test and 2, one-mile walks for time. Each S'swt
(lbs), gender, age, time and HR responses during a one-mile walk were
obtained to estimate V02max, both relative (ml'kg-l'min- l ) and ab§Qlute
(l'min- l ), using Kline et al.'s (1987) equations. The predictedV02m~x
values, using both the general and sex-specific equations, were ""
correlated with actual V02max values using a Pearson Product Moment
correlation. The results were:

Each r was sig at the 0.001 level. A dependent t-test indicated no sig
(p < 0.01) diff between the actual V02maxand predicted V02max, in both
absolute and relative units. As a result of the moderately high
was concluded that the equations published by Kline et al. (1987) can be
used to predict V02max values in college-age females.
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CHAPTER I

can nrov~ae

INTRODUCTION

apparent such as cardiorespiratory endurance, body composition,

Although measurement of maximal oxygen consumption (V02max}···is-·the··

The increasing emphasis on physical fitness and the importance of

Upon defining physical fitness several variables immediately become

individual, engaging in aerobic exercise has been shown to decrease

total serum cholesterol levels, percent body fat and resting heart rate.

possible components the most representative of general fitness

flexibility, muscular strength and muscular endurance. Of

individual thus decreasing the workload on the heart. Exercise is also

cardiorespiratory endurance (Brooks & Fahey, 1984). For the average

exercise has led to a need for relatively fast but accurate

determinations of fitness levels. Cardiorespiratory

In addition, exercise can lower blood pressure in the hypertensive

known to improve psychological functioning (ACSM, 19.~8~8~b~)~. ___

most precise, thus the greatest indicator of cardiorespiratory fitness

an idea of an individual's present health and fitness classification.

It can help to reinforce compliance with current exercise programs or

disadvantqge of being quite time consuming, requiring fairly complicated

serve as a motivational tool for improving or starting a program.

laboratory procedures and equipment, and demanding a high degree of

(Fox, Bowers & Foss, 1988; Pollock & Gushiken, 1985), it does have
I
i
I

I



as the one-mile walk for time, involves a timed one-mile walk, the

consumption tests which utilize the mode of exercise an individuaL~:~~~~

exercise-associated injuries, walking has increased in

as an effective mode of activity. Many individuals find

individual's gender, age, heart rate and body weight. In validating the

developed by Kline et al. (1987). This prediction equation,referred to

equation, the authors tested a large number of subjects (n-343) with a

1988). Research performed by McConnell (1988)~ indicated that

tests for almost every mode of exercise including walking, running,

performing a prediction test on a cycle yields a higher predicted VOZmax

submaximal testing also yields the same results (i.e., a cyclist

costly equipment and are not as time consuming. There are~prediction

trains in produce the highest VOZmax values for that individual (ACSM,

stepping, cycling, rowing, swimming an<i arm cranking. Maximaloxygen

submaximal tests are easier for thesu1:>j""t to peJ:.:f()J:Il!,~.1:e9.gJre.:cless~,~~~

z

motivation from the subject.

As a result, over the past several years many field tests have been

developed in order to predict VOZmax from a submaximal test. The

l '

\

deCreasing

,popularity

value than if the same individual performed a running prediction test).

rI Due to the recent trend to promote low impact exercise, thus
f

/walking to be a welcome alternative to the higher impact exercises ofI running and aerobic dance. According to Jonas and Radetsky (1988),

I walking at an appropriate level of intensity is a mode of exercise
!
\
\ having much less potential for injury while still providing an aerobic

\
~?rkout.

Recently a new prediction equation based solely on walking was
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wide age range of 30 to 69 years. Their results revealed a high

correlation between the predicted values (l'min- l ) andthea.c::tj1al values

(r - 0.92; SEE ~ 0.355). However, since the equation Was validated on

30 to 69 year olds, the design of the present Stuc:l,y wasJ::9__ ic:l,eJJ.ti£y_~he

validity the one-mile walk equation provides for women in the age

category of 18-29 years.

Purpose of the Study

The primary purpose of this study was to compare predicted-V02Dlax:

values obtained from the one-mile walk equation (Kline et al., 1987) in

women between the ages of 18-29 years to_ actual V02max values as

measured during a treadmill run. The secondary purpose was to develop a

valid regression equation if statistical analysis revealed a low

correlation between actual and predicted V02max when using the original

equations developed by Kline et al. (1987).

Need for the Study

Due to the many factors accurate actual V02max testing requires

(i.e. expensive eq~ipment, motivated subjects, need for experienced test

administrators, larger time factor, etc.), submaximal testing has become

a viable alternative for evaluating fitness levels. Thus, with the

recent popularity of walking as an exercise mode for all ages,

validation of the relatively new one-mile walk prediction test bY_~fr~~

et al. (1987) for a younger age group appears valuable. The initial

study validated the equation on subjects who ranged in age from 30 to 69

years. Frequently, individuals are more physically active in their late

teens to early twenties than after their third decade of life. Thus,

along with the premise that V02max levels decrease 9% per decade in
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day of testing prior to the exercise tests.

mile when performing the one-mile walk.

All subjects accurately rejJoite<l.theii heart rates every qq,arter

subject's heart rate.

The heart-watch monitoring system accurately determined the

treadmill test.

Assumptions

not be as accurate for 18 to 29 year olds as it is with an older age

group.

Hypothesis

The null hypothesis for this study was: there is no relationship

testing.

or caffeinated beverages for a period of four hours prior to the

sedentary individuals and 5% per decade in active individuals (Pollock &

Gushiken, 1985), it was surmised that Kline et al. 's (1987) equation may

Within the limits of the study, it was necessary to make the

to 29 years.

between actual V02max values and the predicted V02max values obtained

when using the one-mile walk field. test in women between the "g~.sof 18

2. All subjects refrained from smoking, eating, ingesting alcoholic

1. All subjects tested reached their actual V02max during the

following assumptions:

4. All subjects walked as fast as they could duI"ing ·the one mile walk

and did not jog or run.

(('5'~ All subjects refrained from performing strenuous exercise on.the

~
.~ All subjects were free of physical limitations.

6.

(171.. )

i



Definition of Terms

controlled.

Limitations

All subjects performed the three tests within two weeks of each

All subjects were women between the ages of 18 to 29 years and
'j'

students at the University10f Wisconsin - La Crosse,-··-·_·_·_~· __··

The following delimitations were recognized in the study:

other.

In reference to this study, the following limitations must be

2.

who had performed V02max tests and walking tests previously.__-C:... _

Delimitations

3. It was not possible to control for learning effect of individuals

2. The motivational level of the subjects co~ld not be completely

considered:

1.

1. The subjects were.not randomly selected but were volunteers.

indicator of aerobic capacity and cardiovascular fitness. This was

individual can take in, transport and use during maximal exercise; an

measured by a treadmill test using Butts' protocol (Butts, 1982) and was
--------- --- -- ------------

Maximal Oxygen Uptake (V02max) - the maximal amount of oxygen an

expressed in milliliters per kilogram of body weight per minute (ml'kg

1. min-l) or in liters pe-r minute (l·min- l ). V02max was assumed to be ....

ml/min) period with increasing workload, RER greater than unity (>1.0),

obtained if the oxygen uptake reached a plateau or leveling-off « 150

and/or if the subject reached age predicted maximal heart rate.

Respiratory Exchange Ratio (RER) - the ratio of the amount of carbon

dioxide produced to the amount of oxygen consumed. The RER was
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considered to be an indicator of maximal effort when it reached a val~e

of 1.00 or greater.

Walking - a mode of exercise d~ring which one foot maintains contact

with the s~rface at all times.

Heart Rate - the n=ber of contractions (beats) of the heart pei\.lI).it of

time; expressed as beats per min~te (bpm) taken by ~sing the

Heartwatch monitoring system.

Beckman Metabolic Measurement Cart (BMMC) - a programmable

open circuit system which analyzes expired air with the OM-ll

to determine oxygen and carbon dioxide concentrations. The

of oxygen consumption, respiratory exchange-'ratio, and minute

ventilation are determined via the calculator which coordinates

operation of the measurement system.

Rating of Perceived Exertion (RPE) - a subjective value selected by the

subject which best represents the overall level of difficulty of the

activity. Values were chosen from the Borg (1973) Scale of Perceived

Exertion (see Appendix ~).
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CHAPTER II

REVIEW OF RELATED LITERATURE

Introduction

The review of related literature has been divided into four parts.

The first part discusses cardiorespiratory fitness, the second part

reviews the literature discussing exercise as a preventive .intervention

against cardiovascular disease; the third part reviews literature

related to measurement of cardiorespiratory fitness; while thefoutth

part reviews literature related to predictive tests of cardiorespiratory

function.

Cardiorespiratory Fitness

The ques t for physical fi tness~-in~);ecent-y.eal~~s-ha.g-at:-t-r-a<:4;eG-a--~------~~

growing number of men and women. One of the principal reasons for~

. 'health-related fitness is the ability to perform efficiently in work,

leisure and sports activities. Accordingt"ACSI1 (1988b)~healthrelated

physical fitness can be divided into four main areas: 1) flexibility, 2)

pody composition, 3) cardiorespiratory function, and 4) muscular

strength and endurance. Of these four components cardiorespiratory

function emerges as the major reflection of physical fitness (Brooks &

Fahey, 1984; Consolazio, Johnson & Pe<;()ra, 1963; Farwell & Mayhew,

1983).

The measurement of maximal oxygen consumption (V02max) has been

recognized as the international standard used to assess the physical

7
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working capacity of an individual (Bruce, Kusmi & Hosmer, 1913; ~ackson

& Squires, 1982; Mitchell, Sproule & Chapman, 1951; Sparling & GUJ."eton,

1982). Brooks and Fahey (1984) concluded that V02max is a term that

could be used synonomously with fitness. They state.tha~f()Il:Cl>l:iIlg.~in

regard to this issue:

This realization that physical work capacity, V02max and
cardiovascular fitness are interrelated has resulted in a
convergence of physical education (athletic performance) arid
medical (clinical) definitions of fitness. From the physical
education - athletics perspective, cardiovascular function
determines V02max which in turn determines physical work
capacity, or fitness. From the medicolegal perspective,
fitness involves freedom from disease. Because cardiovascular
disease represents the greatest threat to the health of
individuals in contemporary Western society, medical fitness
is largely cardiovascular fitness. One of the major ways to
determine cardiovascular fitness is to measure VOZmax.
Therefore, V02 is not only an important parameter of metabolism,
it is also a good measure of fitness for life in contemporary
society. (p. 9-10).

Physical Activity in~Hea±t-R-and~9isease

Since the time of the Industrial Revolution, technology has been

making strides at a rapid rate. There has been a significant

transfol'mation from a rural, physically active society to a population

of stressful city dwellers with sedent?':y()ccupations. Stairs have been

replaced by elevators and escalators. Lifestyles have changed and,·as·a--

result of technology, should be easier from the viewpoint of conserving

effort and human energy. However, the sedentary lifestyle has

contributed to a new set of probl~lll!?!?M~lLaScardiovasculardisease,

hypertension, and obesity - complications of the modern lifestyle. The

purpose ~f this section of the literature review is to highlight

research linking physical inactivity to the increased incidence of

coronary artery disease.



According to the American Heart Association (1988) cardiovascular

diseases constituted the leading cause of death in the United States in

1986, accounting for 978,542 deaths or 46.6% of the total annual

mortali ty. Cardiovascular diseases include coronary -artetyc·,nseasei- ==.

hypertension, stroke, congestive heart failure, peripheral vascular

disease, congenital heart defects, valvular heart disease and rheumatic

heart disease. Coronary artery disease (coronary heart disease)h"s

been identified as the major form of cardiovascular disease, accounting

for 53.6% of all the cardiovascular diseases in 1986.

The relationship of physical activity to coronary heart disease has

been studied over the last twenty-five years. However, none of the

studies have been able to establish "proof" of reduced mortality or a

preventive effect of exercise training on coronary heart disease

(Hartung, 1977), which may be partially explained perhaps by the
---"--=--------

qualitative rather than quanitative role exercise has on lifestyles.

According to Froelicher and Oberman (1972) the main faults of the past

population studies were: lack of accurate quantification of -""~,

activity, inability to assess the type of activity which is most

productive, and lack of a gradient of physical activity in thegeneral ...._._

population.

Several studies have been undertaken retrospectively utilizing--data

from entire cities, states or counties, or from a specificpopulati~n~~

(Breslow & Bruell, 1960; Morris and Raffle, 1954; Paffenbarger & Hale,

1975; Slattery, Jacobs & Nichman, 1989; Zukel, Lewis & Enterline 1959).

Activity level was judged from the occupation listed on the death

certificate by job classification, which possibly leaves a large margin



Paffenbarger et al. (1975) studied a population of San Francisco

10

for error regarding interpretation of activity level. The endpoint was

Breslow and Bruell (1960) analyzed population and death certificate

1954. This classic study compared the incidence of coronary heart

The most widely quoted population study linking ph:,!:sical activity

coronary artery disease listed on the death certificate-and/or reported

disease between bus drivers as compared to the more physically active

level to coronary heart disease was reported by Morris and Raffle in

the rate of coronary heart disease along with data regarding diet, woik------~--

A study conducted in North Dakota by Zukel et al. (1959) identified

signs and symptoms of coronary artery disease.

conductors. The incidence of coronary heart disease was found to.be'30%

Heady and Raffle (1956), indicated the drivers were more likely to be

indicated that when individuals performing one hour of heavy physical

active conductors. However, a follow-up study performed by Morris,

higher with the sedentary bus drivers as compared to the more physically

bus through the busy streets of London).

incidence of coronary heart dise'ase increased from 3. 5 per 1000 to 18 .9

per 1000, respectively.

overweight and perhaps under more job stress (i.e., maneuvering a large

disease with increased physical activity.

longshoremen. This population was chosen due to the high level of

history, cigarette smoking and medical care. The data collected

activity per day were compared to those who performed no heavy work, the

data in California from 1949 to 1951. Ultimately, the authors concluded

there was a relationship of decreasing mortality from coronary heart
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energy output the work demanded, and the fact that work conditions were

governed rather closely by the International Longshoremen's and

WareHousemen's Union. The study followed the men for a'22 year period

from 1951 through 1972. The jobs were classifiedaccording,2to=l:tigh,~.

medium and low caloric expenditure. The age-adjusted coronary~4eath

rate for the highly active workers was 26.9 per 10,000 work years,

almost half of that found for the medium and low active workers (46;}

and 49.0, respectively). The results indicate a "protective"effect of

vigorous activity - an effect particularly obvious in the case of

sudden death, for which the rate of highly active was 5.6 compared with

19.2 and 15.7 for the medium and light group.

A more recent study performed by Slattery et al. (1989) looked at

leisure-time activity and coronary heart disease death in the caucasian

population. They found that leisure-time physical activity was

significantly inversely related to coronary heart disease and all_cause

mortality after adjustments were made for age, blood pressure, smoking

and serum cholesterol levels. Specifically, they suggested that there '

was a 30-40% greater risk of ~ying from coronary heart disease or from

all causes in individuals who are sedentary versus those who expend over
,.,' ........ ' - ...".

1000 kcal per week in leisure-time physical activities.

In conclusion, the relationship of physical inactivity and~....._.

incidence of coronary heart disease is not a proven one of cause and

effect. Due to the various major risk factors of coronary heart disease

which also enter into the picture, such as cigarette smoking, obesity,

and hypertension it would be very difficult, if not impossible, to

design a study which specifically isolates the effects of physical
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involves using the known properties of atmospheric (room) air and

determining the resulting volumes and properties of exhaled air. By a

process of equations, the V02, VC02, VE and RER can be determined

(McArdle et al., 1986). The closed circuit method .i.Il'l.().Lv:es __ condu":1:.ing;

expired air back to an oxygen chamber by way of a soda limec"nIlister

where the C02 produced is absorbed. The changes in the volume. of oxygen

that remains in the chamber is a measurement of metabolism

of time (deVries, 1980).

Factors Affecting Maximal Oxygen Consumption

Maximal oxygen uptake is dependent on many factors

activity status, sex, age, natural physical endowment, psychological and

environmental factors, biological and technical variability and type of

work performed.

Sex. The difference in V02max values based on gender has been widely

recognized. In a meta-analysis comparing maximal oxygen uptake in men

and women, Sparling (1980) found that when expressed relative to fat-

free weight, the V02max values of the males were, on the average, 12.,J.~'t.

higher than those of females. Fox et al. (1988) suggested that female

V02max is approximately 15-20% lower than males, whereas McArdle etal.

(1986) stated that V02max values for men typically exceed values

women by 15-30% and even among trained athletes the difference ranges

between 15-20%. The reason for the apparent sex difference in V02max

has generally been allocated mainly to differences in body comp~sitioh

and hemoglobin content. However, Sparling (1980) disputed this, stating

"a substantial portion of the sex difference in relative V02max

(ml'kg-l'min- l ) is attributable to gender associated differences in the



level of physical activity/conditioning (p.542).

Age. According to Brooks and Fahey (1984) V02max expressed in liters

per minute exhibits a rapid increase during the early teeri years and

reaches a peak between 18 and 25 years of age. Fol1bwin~c··rii~·peaki

V02max declines steadily so that by the age of 55 the value bkd6m~~

approximately 27% below the values reported for 20 year olds;

this decline in V02max values is, in turn, dependent upon physical

activity and endurance training.

Heath, Hagberg, Ehsani and Hollowszy (1981) described

of V02max as a consequence of the aging process but also

was influenced by the corresponding decrease in physical activity arid

increase in body weight frequently seen with aging. They compared

highly trained master endurance athletes (59 ± 6 yrs) and 16 young

athletes (22 ± 2 yrs) with similar training regimens, to 9 untrained

middle-aged men (50 ± 6 yrs) and 9 lean untrained middle-aged men (52 ±

10 yrs). Maximum oxygen uptake capacity was approximately 15% lower in

the masters than in the young athletes. Their conclusion was that···

V02max declines approximately 9% per decade in healthy sedentary males

and if physical activity and body composition are kept constant,

deterioration due to the aging process may result in only a 5% decline

per decade.

Heredity. Physical endowment appears to be a factor in V02max

determination. While training plays a significant role, theqllestion

arises as to what extent heredity determines the high aerobic capacity

of elite endurance runners. Klissouras (1971) suggested that 93.4% of

V02max was genetically determined. Prud'homme, Bouchard, Leblanc,



Landry and Fontaine (1984) studied ten pairs of identical twins and

concluded that a large portion of the sensitivity of .the•.ma~imalaerobic

power to training is genotype dependent. In addition, Hamel,Simo.neau,

Lorte, Boulay and Bouchard (1986) studied monozygotic._twin~~?c.•~ccccc

determine if V02ma~ values were genotype dependent. Theirresuits.

substantiated previous literature, finding a genotype-dependentre~PQn~e

for V02ma~.

Training. Obviously, V02max increases with a regular

endurance training. Improvements in aerobic capacity with training

ranges from 6 to 20%, although increases as great as 50% above

pretraining levels have been documented (McArdle et al., 1986). The

increase seen with training depends a great deal upon the initial V02ma~

value. Astrand and Rodahl (1986) suggested that training three times

per week at an intensity of 50% V02ma~ for 30 minutes each e~ercise

session could increase V02max values 5-10% following six weeks of

training. If exercise intensity was increased to 70-80% V02max a 10

20% increase was postulated. The amount of improvement gained, howeyer,

again depends upon initial fitness levels, with initially low fitness

levels showing the most improvement.

In regard to training, the American College of Sports Medicine

(1988a) suggests activities which are aerobic and rhythmip§'li.n.na..s~r~_

and utilize large muscle groups. Frequency of exercise sessi.oIl~_..",l}~tl.l_d__. cc--=l

be 3-5 times per week, at an intensity level of 60-90% maximal heart

rate or 50-85% V02max for 15-20 minutes in order to maintain or improve

cardiorespiratory fitness levels in healthy individuals.

Psychological Attitude and motivational level play significant roles



According to Jackson and Squires (1982), during a typical test

protocol, V02max becomes a function of three metabolic states: first, a

submaximal state in which the body adjusts to work; second, an

state; and finally an anaerobic state in which the work is so intense

that the aerobic process cannot keep pace with the oxygen demands.
,'---- ---------------- --~-I

To insure valid and reliable V02max values, there are a numb~r of

practical concerns which must be addressed. Many protocolsha;\led:>een:. ~--

developed for performing maximal treadmill tests to determineV02max.

Opinions vary as to the best method or protocol to follow. Thetest

protocol used in any given treadmill test depends upon the person being

tested and on the preference of the test administrator. McArdle et ale

(1986) and Froelicher (1983) included the following considerations: the



exercise mode must use a large muscle mass which compares closely with

the muscle mass used in the training program and an adequatewarrn"up

should be performed (suggested of at least five minutes at approximately

50% of estimated maximal exercise capacity) ,the testsh6U1:acons1sF~r

a minimum of six minutes and be no longer than 15-Z0 minutes, the test

should include multiple stages each lasting 1-3 minutes with

increase of 3 METS per stage, the Rating of Perceived Exertion (RPE) of

the final stage should be at least 19, and finally, there _.._~"c·,

standard of quality control in terms of standardization of proce~u~es

and proper calibration and maintenance of equipment in order

the occurence of technical error. Although the termination of the test

is usually due to volitional exhaustion. of the subject, the

physiological requirements for termination and VOZmax attainment should

remain consistent and include the following: a plateau or leveling off

« 150 ml/min) of VOZ with an increase in workload, a RER greater than

1.0, blood lactate levels reaching or greater than 10 mmol/liter, and

the attainment of age-predicted maximal heart rate.

Modes of Maximal Oxygen Consumption Testing

Maximal oxygen consumption tests can be performed in a varietyc>{c

exercise modes including cycling, swimming, arm cranking and treadmill

running/walking. Bruce et al. (1973) discussed two important advantages

of VOZmax testing on a properly calibrated treadmill. First, they-sta.te--__.-"-"-"

that since the rate of energy expenditure is regulated involuntarily

(unless the subject supports his/her body weight by leaningont~e.

handrail), it is a precision tool with remarkable reproducibility. A

VOZmax correlation of r - 0.99 (SEE = 1.9 ml'kg-l'min- l ) was found in





consuming, requiring a well-equipped laboratory with skilled

technicians, and demanding a high degree of motivation from the subject.

For these reasons, many attempts have been made to establish valid

prediction equations and submaximal field tests to predicCmax~ma:r=

physical working capacity accurately.

DeVries and Klafs (1965) discussed the advantages of submaximal

tests which predict VOZmax accurately by stating that motivation~ould

be eliminated as a factor in the testing process and older subJects-or

those with a low fitness level could be tested without the possible

safety hazards and difficulties associated with a maximal test.

Many efforts have been made throughout the years to establish

VOZmax prediction methods which would be both valid and practical.

Researchers have attempted to develop procedures to provide an accurate

estimation of cardiorespiratory fitness based on various physical

characteristics, submaximal parameters and field tests. The following

section summarizes the various ~ttempts at VOZmax prediction.

Prediction Tests Based on Heart Rate

According to Fitchett (1985), popular methods of predicting VOZmax

have been those which extrapolate submaximal or post-exercise heart.ri!t,,_

values to an assumed age-related maximal heart rate with a standardized

regimen of submaximal exercise performed either on a cycle ergometer-,._·.c·

treadmill or step bench. The tests developed were based upon

proposed linear relationship between heart rate and oxygen consUID,,~ion

for light to moderately heavy exercise. According to McArdle et

(1986) the slope of the line (i.e., progression of heart rate increase)

reflects the individual's aerobic fitness. Maximal oxygen consumption
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is predicted by drawing a straight line through one or two submaximal

heart rate points and then extending the line to an assumed maximal

heart rate for the particular individual. One of the significant

problems with extrapolation based on heart rate response liE!s~wrt::li:j:he_

estimation of maximal heart rate. McArdle et al. (1986) stated that the

standard deviation for estimating maximal heart rate using the standard

formula of ZZO minus age was approximately ± 10 beats per mirititeabo.U:t:

the average maximal heart rate of individuals the same age. Therefore;

the VOZmax of an individual with an actual maximal heart rate of 185

beats per minute would be overestimated if the heart rate-oxygen

consumption line were extrapolated to 195 or ZOO beats per minute.

Likewise, the converse would be true for an iridividual with a true

maximal heart rate of ZlO beats per minute. In addition, the authors

reported a variation in submaximal heart rate of ± 5 beats per minute

with day-to-day testing at the same exercise load. Thus, the authors

conclude that VOZmax predicted from tests utilizing submaximal heart

rate is generally within 10-ZO% of the individual's actual value.

Astrand-Ryhming Nomogram

One of the earliest attempts at predicting VOZmax was performed by
..•..........•.•..• _..... ---

Astrand and Ryhming in 1954. They performed VOZmax tests (treadmill or

cycle ergometer) on Z7 male and 31 female well-trained subjects

years of age. From these data they developed a nomogram for predictin$

VOZmax based on submaximal heart rate. Again, the underlying assumption

for their nomogram was the hypothesis that a linear relationship existed

between heart rate and percent VOZmax. In 1960, Astrand introduced a

correction factor in order to increase the validity of the equation for
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males and females of older ages. Since the nomogram was first

developed, numerous researchers have tested its accuracy using varied

groups. The results of these studies have shown conflicting results.

Rowell, Taylor and Wang (1964) examined the effects.",fphysical__

conditioning on predicting V02max from submaximal heart rate. They

found that the Astrand-Ryhming nomogram underestimated V02max in

sedentary, untrained subjects by as much as 27%. However,thenomogram

predicted V02max with moderate accuracy in athletes - underes~im~~1ng

actual V02max by 5.6%.

In 1965, deVries and Klafs evaluated the validity of the Astrand

Ryhming nomogram to V02max cycle ergometer tests. Sixteen male Physical

Education majors, 20 to 26 years of age,were the subjects for the

study. They reported a validity correlation of r - 0.736 between-the

Astrand-Ryhming nomogram and V02max.

Glassford, Baycroft, Sedgwick and Macnab (1965) concluded that the

Astrand-Ryhming nomogram provided a good estimation of V02max ina

population of healthy males (mean age - 23.4 yrs) , reporting a validity

correlation of r - 0.63 between the nomogram and V02max value

ml·kg-l.min- l .

Davies (1968) examined oxygen consumption at submaximal and maximal

workloads in eighty male subjects and correlated the accuracy of the

nomogram. He found that the nomogram produced an underestimation of

V02max. In using the nomogram he estimated that at relatively low

workloads the predicted v02max value would be within 1.22 l/min of the

observed value, at the 95% level of probability. To Davies this

represented a "crude estimate of V02max" (p. 703). In respect to the
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linear relationship between heart rate and V02, Davies indicated that

this relationship deteriorates near maximal effort with th$shap$ofthe

curve becoming curvilinear rather than linear.

Cycle Ergometer and Bench Step Tests

In 1973, Fox hypothesized that the heart rate response

submaximal exercise during a standardized cycle ergometer test was an

effective and practical way to predict aerobic fitness. His method

required only one five minute submaximal workload and one submaximal

variable in order to make the prediction. He reported a validity.

correlation of r - 0.76 between the submaximal cycle test and V02max

cycle test (l'min- l ) in 87 healthy, untrained college males. However,

Fox did report that using the prediction~quationgenerally led to an

overestimation of the lower actual V02max values and an underestimation

of the higher V02max values.

Fitchett (1985) examined the validity of the cycle ergometer and

bench step test to predict V02max in thELadult male populatioll. The

subjects for this study included 12 physically active males, 23 to 58

years of age. Fitchett reported a validity correlation of r - 0.84

between the cycle ergometer test and V02max treadmill test (1'

The step test produced a correlation coefficient of r - 0.72

author concluded that the submaximal tests underestimated the actual

V02max by 0.13 and 0.55 l'min- l , respect:i\Teiy .

McArdle, Katch, Pechar, Jacobsen and Ruck (1972) used a simple

three minute step test in testing 41 college women to determine the

relationship between V02max and the submaximal step test. Recovery
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heart rate was used to predict V02max. They reported a validity

correlation of r - -0.76 between V02max (ml·kg-l·min- l ) and the first 15

second recovery heart rate score from the three minute step test.

Endurance Runs
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undertaken to establish the validity of the lZ-minute run developed by

Cooper (Burke, 1976; Custer & Chaloupka, 1977; Katch, McArdle,Czula&

Pechar, 1973; Maksud, Cannistra & Dublinski, 1976).

Katch et al. (1973) examined the validity of Cooper"~s~+2~m'.i-'iliit,,:

endurance run and concluded that the test was not a valid predictor of

VOZmax due to the fact that 50% of the variance was unexplained. .The36

subjects in this study were college-aged females, of which

varsity intercollegiate members, 10 were Physical Education majors'; and

14 non-Physical Education majors who were not physically conditioned;

Their results revealed a validity correlation of r - 0.71 between the

lZ-minute run test and a treadmill VOzmax test. Characteristics of the

subjects included a mean age of ZO.8 years, weight of 58.9 kg, and

VOZmax of 38.9 (ml·kg-l·min- l ).

In 1976 Burke reported a validity coefficient of r - 0.90 between

the Cooper lZ-minute run and VOZmax treadmill tests. The subjects in

this study consisted of 44 male college students between the ages of 17

to 30 with a mean body weight of l7Z.3 lbs, and mean VOZmax value of·

5Z.8 ml·kg-l·min- l .

In 1976 Maksrud et al. tested Z6 female University of Wisconsin
-,,--..--,-".-,._,--,-----.-.-

Milwaukee female athletes with a mean age of 19.7 years during the final

weeks of their respective competitive seasons. They reporte4 ... 51...11dicty

coefficient of r - 0.70 between the lZ -minute run and treadmillV()ZIll.a.><_.

test. The mean aerobic power was 41 ml·kg-l.min- l and mean weightwa.s

6Z.Z kg.

The validity study conducted by Custer and Chaloupka (1977)

revealed a much lower correlation coefficient. They reported a validity
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1 mile and 2 mile runs were r - -0.62 (38% common variance) and r - 0.67

(45% common variance), respectively.

Ribisl and Kachadorian (1969) also studied the 1 mile and 2 mile

runs as predictors of cardiorespiratoryenduranceinyoung-1riefi-"(iIl""fi-'age

19.7 yrs). They discovered a correlation coefficient ofr -0.79 for

the 1 mile run and r - 0.86 for the 2 mile run. They also tested.

shorter distances with much lower correlation values as follows: 60

yard dash, r - 0.14; 100 yard dash, r - 0.23; 220 yard dash,

440 yard dash, r ~ 0.31; 880 yard dash, r - 0.67. In addition to

testing young males they also tested middle-aged men. (mean age 39.9 yrs)

and found a high degree of relationship (r - 0.86) between the 2 mile

run time and V02max.

A study performed by Bell and Hinson (1974) examined the

relationship between running speed in shorter distances and V02max in 20

to 40 year old females of average and below average fitness levels.

Their study revealed a correlation coefficient of r - 0.702 between the

880 yard run and V02max, and an r = -0.643 between the 440 yard run and

V02max. The mean weight and V02max in the subjects tested was 143.2 lbs

and 29.7 ml'kg-l'min- l , respectively.

When using endurance runs for predicting V02max, McArdle et al.

(1986) point out that these runs do not consider body weight arid .age_•._~. __._

These two factors are ultimately related to running times and V0211laxc_

values. Tokamkidis et al. (1987) also summarized running field tests ;

They stated that there is not an individual test which masters the range

of running times and distances to predict V02max and estimate endurance

at the same time.



Walk Prediction Tests

As mentioned previously, studies have linked regularphys1c:al

activity with the decreased likelihood of developing coronary heart

disease. According to Rippe, Ward,· Porcari . and Freedson·.,.(:£9l'fS'j:...evEiulow

and moderate intensity exercise, such as walking, when carri~dou.ton a

regular basis, can be associated with cardiovascular health benefits.·

In addition, walking has also been shown to decrease anxiety and

tension.

Fitness walking has become a very popular form of exercise

weight control and improvement of functional aerobic capacity

apparently healthy adults as well as cardiac patients. According to a

1986 National Sporting Goods Association survey, 49.7 million Americans

were projected to be exercise walkers, compared with the 33 million

estimated to be joggers (Barnes, 1987). As a mode of exercise, walking

is a convenient, easily regulated exercise which can be performed

without any special equipment or facilities. According to ACSM (1988)

the optimal intensity for aerobic conditioning is 60-80% functional;

aerobic capacity or V02max, but the training threshold may be less than

50% in some individuals. Pollock, Miller and Janeway (1971) reported an

improvement in V02max of 28% in middle-aged men following a 20 week

walking program. A lower drop-out rate was also reported in thewalla.ng.:

program in comparison to the other training regimens, which thea\lth()t,,~__.:......__---,

attributed to the lower incidence of orthopedic difficulties seenw~tn a

walking program.

Luria and Koepke (1975) evaluated the physical effects of walking

in males and females with an age range of 22-55 years. The subjects



completed a 10 wee~.walking program.
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"The authors reported that 46% of
':<

"-the subject§/demonstrated a training effect, althoughtheydidii~t

training intensity of 70% maximal heart rate. They the~fore
\

that the degree of prior physical conditioning may be"the\

whether or not walking will provide sufficient exertion t~

!
training effect. However, they stated that walking was an\

especially good mode of activity for poorly physically conditioned~ !

those individuals who prefer less strenuous exercise. Shoenfeld,. Keren,
// (,

Shimoni, Birnfeld, and Sohar (1980) also agree that walking as/an

a 30 minute walking session. Thus, the authors concluded that for many

One of the maj or advantages walkitighas over runni.Il$_as can. exer,,~.

mode is the lower incidence of injuries. Accordingfo Voloshiri (19~8)
\

ground reaction force during running can reach up to five.c'.times the '15~dy

were tested and given instructions regardiiigtheil: itidividual'trairiiiig

when walking a mile. as fast as possible. When a subgroup of young men

V02max values experienced difficulty attaining a training heart rate

over age 50. However, their study revealed that younge-i" men 'wlt:hhigh

individuals, and those recovering after a myocardial infarction,or/for

Porcari et al. (1987) reported that fast/walking on a flat surface

was intense enough to elicit a training heart rate in most women and men

heart rate and continual visual feedback of their heart rate ,these

adults, brisk walking can provide an adequate training stimulus.

young men were able to obtain and maintain their training heart rate

weight of the individual as compared to one to two times during walking.

/

aCh/e/~

cgricluded

/{actor to

/ produce a

\
\

.~~ exercise mode is most useful for those with low initial.~xercise

'c",pacity.
~.~
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A follow-up study by Coleman et al.(1988), was performed to

in a more central
. ~ .~ _. -~.~~.,,~,.,,~---_._-~.-

0.355 l'min- r ).

running. In addition, the foot strikes til" ground

validation group (r = 0.9Z, SEE

fashion in the rear quarter of the heel when walking, whereas it tends

to strike on its outside border when running" (p. Z14).

Thus, following the trend in recent years to choose lowiffipact

exercise, walking has increased in popularity as an effecti"e llI()<lE!.()t

activity. A relatively new prediction test based upon walking

developed by Kline et al. (1987). In addition to walk time, genqer,

age, heart rate response and body weight (lbs) was included in

equation. Upon initial validation of the "quation, the authors tested a

large number of subjects (n=343) with a wide range in age from 30 to 69

years. Their results indicated a high correlation with a cross

determine if the one-mile walk test was accurate in estimating VOZmax in

ZO to Z9 year olds. The authors repor1:edavaHdi1:y correlation of r

0.79, with a SEE of 5.68, between theone:ffiile walk and VOZmax (ml'kg

1. min-1) .in 90 subj ects.

In 1988, Ward et al. investigated the validity of various

prediction tests to estimate VOZmax in 17 overweight females with a mean
------------

age of 30 years, who had a percent fat of 34.Z%. They reported a

validity correlation of r = 0.78 with an SEE of 3.Z between the one

walk and actual VOZmax; an r = 0.84 with an SEE of 2.8 between the 1.5

mile run and actual VOZmax; and an r = 0.43 with an SEE of 4.3 between

Barnes (1987) related the biomechanical differences between walking and

running as follows: "The forces generated under the foot upon walking

are approximately one-half to one-third the force generated with



the Queen's College Step test and actual V02max. The authors concluded

that while the one-mile walk overestimated V02max by 12% and the 1.5

mile run correlated higher with V02max than the walk test, the walk may

be a more suitable prediction test for overweight subjects-sinceccwalking

is a lower impact activity than running, thus decreasing the amount of

stress placed on the overweight individual's joints.

Summary

In conclusion, while V02max is accepted as the best physiological

indicator of cardiorespiratory fitness, it does have the disadvantages

of being time-consuming, requiring a well-equipped laboratory with a

skilled staff and demanding a high level of motivation from the subject

(Fox et al. 1988). Thus, a considerable amount of time and energy has

been put forth by researchers in an effort to devise an accurate method

to predict V02max without subjecting the individual to a maximal test.

Professionals in the health promotion field are in need of a valid test

for measuring large groups of subjects with reasonable ease while still

retaining the accuracy and reproducibility of maximal exercise tests.

In addition, with the increased emphasis on physical fitness and the

aging populatio~, a generalized test is needed which is accurate and

involves an activity most everyone can perform. Thus, in addition to

Kline's et al. (1987) walking test, the research will

examine and validate the various field tests, submaximal tests

prediction equations in order to fulfill the need for an accurate test

to predict cardiorespiratory fitness.



This study was designed to determine

Introduction

test accurately predicts V02max in the

METHODS

performed in the fieldhouse at Mitchell Hall on the

For scheduling purposes, a number of testing times forcboththe

The subjects for this study consisted of 34 female volunteers

Subject Selection
---"--

in the Human Performance Laboratory, while the two

CHAPTER III

ranging in age from 18 to 29 years. The actual
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Wisconsin - La Crosse campus. The following chapter describe:"the:

experimental procedures and the instrumentation used to gather all

level Physical Therapy students, and the remaining subjects were

necessary data in order to validate the equations.

between 18 and 29 years of age. Eighteen of the subjects were junior_

to a cross-country runner with a weekly exercise log of 50-70 miles.

students enrolled in PE 114, a Personal Fitness course. As a whole, the

subjects varied in the amount of physical conditioning, with a few

subjects reporting not engaging in any exercise at all on a we..1<!¥.=b~~~~::,

V02max and the one-mile walk were set up and each subject chose a

walk at one time.

convenient time. A limit of five individuals could perform the one-mile
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All participants received a test information form (see Appendix B)

instructing them to refrain from eating, smoking and drinking alcoholic

or caffeinated beverages for at least four hours prior to each test. In

addition, the subjects were advised on proper clothin<;~t:0~~"ear~nd__~~_~

instructed not to perform strenuous exercise on the day of the test

prior to the test. Each subject was scheduled for a practice run on the

treadmill, the V02max test and two one-mile walks. All three tests~

(V02max and two one mile walks) were conducted within a two week

period.

Prior to the time of the initial test, each subject signed an

informed consent form explaining the nature of the study and any risks

involved (see Appendix C). The testing procedures and potential risks

were explained; agreement of good health and freedom of consent was

obtained.



the Uniq Computer Instruments Corporation (CIC). The Uniq heartwatch is

an exercise computer which senses the electrical signals generated by

the heart. It then electronically computes and displays the heart rate

in beats per minute on a wrist watch display. The transrrd:tteycand=--c-

receiver both operate on lithium batteries, type BR 2325. The

transmitter was connected to an electrode strap which was placed on the

subject's chest just below the breasts. The electrode strips, located

on the inner side of the chest strap, were moistened with water

conduct the electrical signals of the heart. During the V02max

treadmill test the wrist watch was strapped to the railing on the

opposite side from the BMMC rather than to the wrist of the subject to

avoid electrical interference from the BMMC. The Uniq Heartwatch system

was utilized and validated in the 1987 study by Kline et al.

After the electrode strap was applied and moistened with water, the
----~--

subject was fitted for a headpiece, mouthpiece, and noseclip and was

instructed to practice breathing with the entire apparatus. A plastic

hose was connected to the headgear and to the mixing chamber of the

Beckman MMC. While the subject practiced breathing with the apparatus,_

final instructions were given. The subject was instructed to run until

exhaustion and then to jump off and straddle the treadmill. The Rating

of Perceived Exertion chart (RPE) was used to evaluate the

exertion and thereby to determine when maximum exercise was being

approached. The following instructions were given regarding the ---0

Scale of Perceived Exertion (Borg, 1973) [see Appendix

At various times throughout the run I will hold
up this scale and ask you to select the number
that best represents how hard you feel the work
is for you at this time. As you can see the scale



ranges from a low of 6 to a high of 20. The higher
the number the harder you feel the effort is for you.
The highest number (20) should represent the maximal
effort and fatigue level you have ever felt while

. running. There is no right or wrong answer.
Just try to estimate your total feeling of exertion
as honestly and accurately as possible,· ························=c.. :·

(Butts, 1982, p.9)

The subject was then instructed to straddle the treadmill to begin

the test. The treadmill was then turned on and the subject was

instructed to step on the treadmill when comfortable. The Butts' (1982)

protocol was utilized and includes the stages presented in Table

Table 1. Butts' Treadmill Protocol

Stage Speed Grade Time
(mph) (%) (min)

Warm-up 5 0 5
1 6 2.5 2
2 6 5 2
3 6 7.5 2
4 6 1e-------· 2 ----,-,.""

5 6.5 10 2
6 7 10 2
7 7.5 10 2
8 8 10 2

(Butts, 1982, p.9)

During the test the subjects were verbally encouraged by the

investigators to continue as long as possible. The test was terminated

upon volitional exhaustion of the subject. Maximal oxygen uptake was

assumed to be obtained if the oxygen uptake reached a plateau or

leveling-off « 150 ml/min) period with fncreasing workload;RER·greater

than unity (>1.0), and/or if the subject reached age predicted maximal

heart rate. The V02max was defined as being the highest oxygen uptake

during a minimum of 30 seconds of a one minute period;



Instrumentation

During the V02max determination, subjects ran on a large Quinton

treadmill while measurements of oxygen uptake, ventilation and heart

rate were made. All respiratory measurementswere·'taketi"'-"'every~minut-e----

and at maximal exercise with the BMMC. The BMMC, an open circuit"

system, consists of a carbon dioxide analyzer (LB-2) and an

analyzer (OM-i). Calibration of the BMMC was performed prior to and

immediately after each test with a known gas sample previously

determined by the Scholander technique. Variables measured included

minute ventilation (VE) , absolute and relative oxygen consumption (V02) ,

expired C02, RER, fraction of expired 02 (FE02), and fraction of expired

C02 ( FEC02)·

Heart rates were monitored with the Uniq heartwatch system and were

obtained during the last five seconds of every minute and at maximal

exercise. The subject's Rating of Perceived Exertion (RPE) was obtained

using the Borg Scale at the end of the five minute warm-up and every two

minutes thereafter.

One Mile Walk

Upon arrival for the walking test, the subjects' weight was

measured in their exercise clothes and without shoes. The measurement

was recorded to the nearest .25 pound (lb). The subject was

instructed to stretch prior to the test, concentrating mainly

calf and shin musculature.

Following the completion of stretching, the Uniq heart rate

monitoring system was applied. The electrode strap was placed below the"

breast level of the subject and the electrode strips were moistened with
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individual walking pace.

V02 (ml·kg-l.min- l )
..Genera1ized Female

V02 (I·min- I )
Generalized FemaleVariable

Intercept 6.9652 5.5597 132.853 116.579
Weight (lb) 0.0091 0.0077 -0.0769 -0.0585
Age (yr) -0.0257 -0.0236 -0.3877
Sex 0.5955 -- 6.3150
Time -0.224 -0.1713 -3.2649 -2.7961
HR (bpm) -0.0115 -O.OOg] .0.1565 -0.1109

Table 2. Regression Equations for Estimating V02max

inside lane of the 220 yard track as fast as possible withouteJogging or

display. The subjects were instructed to walk eight laps around the

water. The accompanying watch was placed on the subject's wrist, and

the subject was shown how to read the heart rate off the digital

A maximum of five subjects were scheduled to perform the test at

investigators kept track of completed laps and recorded the hea.x-(iates

running. In addition, they were asked to callout their heart rate as

called out by the subjects. A digital stopwatch was assigned to each

shown on the digital display every quarter mile (every two Lips). The

due to possible interference of transmission of heart rate and to assure

Verbal encouragement was called out at the completion of every lap.

one time. The subjects were instructed that they were allowed to pass

subject to record elapsed time and was monitored by the investigators.

one another, however, they could not walk the entire distance together

Sex: 0 = female, 1 = male; Time = time for the one-mile walk expressed
in minutes, hundredth of a minute; HR - bpm of the last quarter mile ;.

(Kline et aI, 1987 p;256)
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Each subject completed two one-mile walks, however they were

performed on separate days in order to eliminate any possible .fatigue

effects. Five variables were entered into four separate equations

devised by Kline et a1. (1987) [see Table 2.]. in ordeL.to..determitle2the

predicted V02max value. A computer program designed by Bradley Van

Skyhawk was utilized to calculate estimated values for each gen~~~11?~g

and sex-specific equation.

Statistical Analysis

A total of 30 subjects successfully completed all phases

testing. Descriptive statistics were calculated on all variables.

student's dependent t-test was used to identify if a significant

difference was present between the following variables:

1) Completion time of first one-mile walk with the completion time

the second one-mile walk.

2) Heart rate response of the first one-mile walk with the heart rate

response of the second one-mile walk.

3) Predicted V02max value (ml·kg-1. min-l) from the first one-mile···

walk with predicted V02max value (ml'kg- 'min- l ) from the second

one-mile walk using both the generalized and female equation

4) Predicted Y02max value (l'min- l ) from the first one-mile walk with

the predicted V02max value (l'min- l ) from thl> second one-Illj.!!"...,.~tlf.

using both the generalized and female equation.

A Pearson correlation coefficient was used to identify the degree

of relationship between the predicted and actual values. Thelevel.pf·

confidence for the correlation coefficients was set at 0.01.
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CHAPTER IV

Thirty female college students completed a direct
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RESULTS AND DISCUSSION

V02max test incorporating walking, published by Kline et a1. in 1987 was

Descriptive Characteristics

The purpose of this study was to determine if the field prediction

V02max treadmill test and two one-mile walks. This chapter will present

the results of this study, along with descriptive characteristics of the

The descriptive characteristics of the thirty college-age females

valid in predicting V02max for the female population between 18 to 29

coefficients between the actual V02max values and the predicted V02max

values utilizing the equations by Kline et al. (1987).

subjects, the performance results of the three tests and the correlation

who participated in this study are presented in Table 3. The subjects

compared closely in age and weight with a number of V02max prediction

years of age.

Nelson, 1983; Getchell et al. 1977; Katch et a1., 1973; Maksud eta:L,

studies utilizing female subjects (Custer & Chaloupka, 1977; Dorociak.&

to Behnke and Wilmore's (1974) reference woman, the subjects in this

1965; McArdle et a1. 1972). For example, in the study by Maksud<et al.

136.8 Ibs. The female subjects in Dorociak and Nelson's 1983 stlldyalso

had a similar mean age of 21. 6 years and weight of 131. 3 Ibs. Acc.9rding

(1976) the mean age of their subjects·was 19.7 years and weight ",as.



Performance Results

be considered a maximal effort at least one of these requirements had to
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Range

18 - 282.47

SD

16.56 no

__._u~_ 6"-'1"--'.-_7ul'-- ~66.0

21.5

Mean

136.9

Age (yrs)

Height (in)

Weight (lbs)

Variables

This study involved the performance of one V02max test, and two

The physiological responses of the female subjects during the

Table 3. Descriptive characteristics of college-age females
(n - 30)

monitors were used to determine heart rate responses.

V02max treadmill test are presented in Table 4. In order to determine

Actual Maximal Oxygen Consumption Test

study were slightly taller and heavier than average for their age.

whether an individual had reached a true maximal performance,a number
.........._................. ...

walks were conducted on the 220 yard indoor track and heart rate

utilizing the protocol developed by Butts (1982). The two one-mile

one-mile walks. The V02max test was performed on a motorized treadmill

of general criteria were identified and are as follows: a leveling off
......_-----~

of V02 with increasing workload of no more than 150 ml'kg"l' min- l ,

achieving age .predicted maximal heart rate, a respiratory exchange ratio

Rating of Perceived Exertion (RPE) of 19-20. In order for the test to

(RER) greater than 1.00, and! or volitional exhaustion as indicated by a
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be met in the present study.

All of the subjects except two reached an RERvalue ofLOO or

greater. A number of factors can affect the magnitude of theRER value

including the oxidation of food, hyperventilation and sh~~t~t~e~rm~~

exhaustive exercise which increases lactic acid production (Foxetal.

1988). Of the two individuals who did not reach the LOO level,one
...............................

displayed a plateauing of V02 with increasing workload, and the other

individual stopped due to volitional exhaustion. In addition,fou);.'

subjects were not included in the final analysis due to the fa.cCiha.t

two of these subjects produced V02max values greater than two standard

deviations above the mean; while the remaining two subjects did notllleet:

the requirements previously described. Upon completion of the tests;

all of the remaining subjects were considered to have achieved true

maximal values.

Table 4. Physiological responses of college-age females during
the V02max treadmill test.

Variables Mean SD

V02max 2.95 0.33 2.33 -3.60 ___
(l'min- l )

V02max 47.5 4.50 38.6 -54.3
(ml'kg-Lmin- l )

VE BTPS 98.3 11.9 7L4 " 117;8-----
(l'min- l )

RERmax L11 0.05 0.99

HRmax (bpm) 193.2 9.14 179 - 209
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maximal test.

Getchell et

The volume of expired air in the present study revealed an average

maximal heart rate although they satisfied at least one of the other

dealt with female subjects with a mean age range of 19.7 to 21.2 years.

reported HRmax of 195 beats per minute. Each of the comparable.studies

Some of the subjects in the present study did not reach age-predicted

Ventilation refers to the amount of air inspired or expired. For

The maximal values for heart rate and minute ventilation presented

in Table 4 are similar to maximal values reported by other investigators

for heavy work in young women. In the present study, the maximum heart

al. (1977) reported an average HRmax of 190.4, and Maksud et al. (1976)

who tested female athletes from the University of Wisconsin - Milwaukee

found a HRmax of 195.1 beats per minute. McArdle et al. (1972) also

rate level (HRmax) averaged 193.2 beats per minute (bpm) ,

criteria listed for determining a true maximal test. This could

reinforce the speculation that the formula for the estimation of maximal

should not be used for determining the presence or absence of a true

the purpose of this study, expired ventilation (VE) values were

heart rate (220 - age) is not always accurate thus heart rate alone

measured. Maximal ventilation during exercise varies and can range as

increases in VE are approximately linear to oxygen consumptionand.C02

production in working muscles. However, at near maximal values, VE
. .•••.•.. .. -.-_._---'

high as 25-30 times greater than resting values. During exercise,

becomes disproportional to oxygen consumption (Fox et al. 1988).

of 98.3 l'min- l , which is similar to Maksud et al. (1976) who reported

an average value of 91.1 l'min- l , and the 98.2 l'min- l found by McArdle
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In addition to the above mentioned factors, ventilation

>49

>38

>45

HighAge Low Fair Average Good

20-29 <24 24-30 31-37 38-48

30-39 <20 20-27 28-33 34-44

40-49 <17 17-23 24-30 31-41

50-59 <15 15-20 21-27 28-37

60-69 <13 13-17 18-23 24-34

Table 5. Cardiorespiratory fitness classification (ml'kg-l'min- l )
for women

(Exercise Testing and Training with Apparently Healthy
Individuals: A Handbook for Physicians p.15). . .

et ale (1972) when testing female college athletes. However, these

and heavier than average for their age.

Wilmore (1974), the subjects in the present study were slightly taller

college-aged women and female army recruits of 79.0 l'min- l and 88.6

l' min-1, respectively, in studies done by Kearney, S.tull,~Rwing,andc

depends upon the size and stature of the individuals being

values appear to be higher than the values reported for sedentary

Stein (1976), and Vogel, Patton, Mello and Daniels (1986).

Thus, the higher VE found in this study could stem from thefact·that,

as stated previously, according to the reference woman by Behnke.and

The relative mean value of V02max for the present study wasAr. 5

ml·kg- 1 ·min- l . This value places the subjects in the good

Association (1972) [see Table 5]. The relative V02max values were

cardiorespiratory fitness classification according to the American Heart
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similar to those reported for college-age female joggers who were

measured at 46.2 ml'kg-l'min- l (Getchell et al., 1977). However, the

subjects from the present study demonstrated a higher absolute V02max

value of 2.95 l' min-I, versus the absolutevalueof2.612l2111itl,=1:~2.~

reported by Getchell et al. (1977), thus again indicating the higher

weight of the present subjects than of the female subjects

comparable studies. The relative values are also similar to the noVice

marathoners who had a V02max of 45.8 ml'kg-l'min- l (Christensen &

Ruhling, 1983) and for 50 female subjects in the study by Coleman etal.

(1988), who reported an average V02max value of 45.4 ml'kg-l'min- l in

20-29 year olds.

The relative V02max values in the present study are higher than the

mean value reported by Katch et al. (1973) of 38.9 ml'kg-l'min- l

resulting from the testing of 12 female athletes, 10 Physical Education

majors and 14 sedentary college females. Maksud et al. (1976) who

tested the University of Wisconsin - Milwaukee athletes found a mean

value of 41.0 ml·kg-l·min- l . The relative V02max values found in the

sedentary subjects studied by Vogel et al. (1986) was 37.5

ml·kg-l·min- l . The older subjects tested in the study by Kline et al.
e· ••••••• ---.-'

(1987) produced a relative V02max value of 31.4 ml·kg-l·min- l . The

subj ects in this study, therefore, demonstrated a cardiorespir"t:QJ:"Y;:;;

fitness level which compares more closely with studies testingfemale . _

athletes, and reflects a higher cardiorespiratory fitness level when

compared to sedentary females of the same age in other studies.

One-Mile Walk Prediction Test

Two one-mile walks were performed to determine the existence of a
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learning effect between Walk 1 and Walk 2. The times and heart rate

responses during the two, one-mile walks are presented in Table 6.

Student's dependent t-test analyses indicated a significantly (p < 0.01)

fas ter walk time in minutes and hundredths of a m1nUJ;e.~or~.ttl.e.~s.e~<::.on<1

walk compared to the first. Although the times were significantly

different, there was no significant (p > 0.01) difference found between

the heart rate response of the first walk compared to the second walk.

Table 6. Time results and heart rate responses during the
one-mile walks.

Variables Walk One Walk Two

Walk time* 12.51 12.23
(min) 0.79 0.93

Heart rate 163.0 167.0
(bpm) 16.7 17.5

-

.. * p < 0.01 between walk 1 and walk 2

The predicted V02max values were obtained when the five variables

of gender, body weight (lb), age, hear.t .r.ate ... and elapsed walk time wer"

entered into the general and female eqll"t:j.onsfor both relative and

absolute values as developed by Kline et a1. (1987). A dependentt-test..

was also performed on the predicted V02max values resulting from the

walking data (see Table 7) and indicated no significant (p >

difference for all equations betw.e"nthetwQwal\<s. Thus., .althoughthe~-"-

second walk did produce a significantly faster time, after.the.five

factors of age, body weight, gender, heart rate and time were entered

into the equations, they did not yield significantly different

predicted values.
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The walk times of 12.51 and 12.23 of the subjects for Walk 1 and

as seen

47.548.0

47.5

(ml'kg-l'min- l )
General Female-Specific

2.875

2.901

2.986

3.009

2.945

(l'min- I )
General Female-SpecificVariable

Walk 2

Actual

Walk 1

Walk 2, respectively, were faster than those of the older female

Table 7. Prediction V02max results from the two one-mile walks
along with actual V02max values

Rippe et al. (1986) developed a cardiorespiratory fitness

2 (166.0) were also appropriately higher for the subjects in the present

subjects in the original study by Kline et al. (1987), who tested 30 to

study than the older subjects in Kline's et al. (1987) study which would

be expected due to the faster walk time and age difference. The V02max

both relative ( 47.6 ml'kg-l'min- l ) and absolute (2.951·min-

69 year olds. However, heart rate responses for Walk 1 (163.7) and Walk

with Walk 1 were considerably higherwheri compared to Kline et

Kline et al. (1987). The cardiorespiratory fitness categories are

presented in Table 8 and again place the subjects from the present study

study was younger and had a narrower age range.

classification system based upon one-mile walk times using the same

in the good category of cardiorespiratory fitness which would be

subject population (males and fema.le'S 3Ut:O 69)'ears of age)st\ldie\iby

(1987) values. This is to be expected since the" population in this



A Pearson Product Moment Correlation was used to determine the

Females

:S 11:40

;:: 17:32

11:41 - 13:08

13:09 - 14:36

14:37 - 16:04

16:05 - 17:31

Rippe et al. (1986) p.S21

Walk 1 general equation

13:13

11:42

14:44

16:23

Males

:S 10:12

;:: 16:24

11:43

13:14

10:13

14:45

Category

Excellent

Low Average

Good

Fair

Poor

High Average

Comparison of Maximal Oxygen Consumption Values

At the 0.001 level of confidence, the results indicate a high
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Table 8. Cardiorespiratory fitness classifications based upon
one-mile walk time.

expected due to the younger age of the present subjects being studied.

relative values. The results are presented in Table 9.

relationship between actual to predicted V02max for both absolute and

positive correlation in liters per minute

found to be slightly lower for Walk 2 results with the general eq".~ti()I\

producing a correlation of r - 0.87 and female-specific of r

- 0.88) and female-specific equation (r - 0.90). The correlations

higher heart rate produced by the faster walking time.

The lower correlation found with Walk 2 Gould stem from the slightlY



correlation of 0.86 for both the generalized and female-

(ml·kg-1. min-I)
Walk 2 Actual

(l·min- I )
Walk 2 ActualVariable

* All correlations significant at p < 0.001

Walk 1
General Equation* .92 .88 .90 .82

. Female Equation* .93 .90 .89 .82

Walk 2
General Equation* - .87 - .80

Female Equation* - .85 - .78

A follow-up study performed by Coleman et al. (1988) also examined

general and female-specific equations, respectively.

produced slightly lower correlations of r - 0.80 and r - 0.78 for the

The relative V02max values (ml·kg-l·min- l ) were found to correlate

moderately high with actual V02max values. Walk 1 revealed an r - 0.82

The results of the present study compare closely with the results

Table 9. Correlations between actual V02max and the two walk
V02max prediction tests in absolute and relativevalties.

for both the general and female-specific equations, while Walk 2

equations.

Kline et al. (1987) found when testing an older population (30 C69 year

olds). In the original study, correlation coefficients for absolute

V02max were 0.82 and 0.83 using the generalized and female-specific

equations, respectively. The relative values were found to produce a

the validity of the one-mile walk prediction test for younger subjects

with an age range of 20-29 years. The reported results were in relative

form (ml·kg-l·min- l ) utilizing only the generalized equation. The study
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found a moderate correlation with actual V02max values (r - 0.62) for

females, which was lower than the results obtained in the present study

of r - 0.82.

The validity coefficients found in the present study"wneri2V0imax

was expressed in absolute terms ranged from 0.85 to 0.90. When V02max

was expressed in relative terms, the validity coefficients

0.78 to 0.82. Similar studies validating prediction tests and equations

have produced varied results. When validating the Astrand"Ryhmirtg

nomogram, deVries and Klafs (1965) reported a validity coefficient of r

- 0.74, while Glassford et al. (1965) reported a lower validity

coefficient of r - 0.64.

Validation of other submaximal tests used to predict V02max have

also shown varied results. McArdle etal. (1972) found a validity

coefficient of r - 0.76 when using a submaximal step test. Fox (1973)

found a similar correlation of r - 0.76 when using a cycle ergometer

submaximal test. Fitchett (1985) reported a higher correlation with the

cycle ergometer test (r - 0.84) but a lower correlation with the step

test (r - 0.72).

In the original walking study, Kline et al. (1987) reported a

moderately high validity coefficient of r - 0.92 with a subject group of

individuals aged 30 to 69 years old. In a study similar to the pi~s~rit

one, Coleman et al. (1988) also attempted to validate the one-mile walk.

in the younger age group of 20 to 29 year olds. Their study revealed a

correlation ofr - 0.79 using relative values, which is slightly lower

than the correlations found when relative values were used in the

present study.
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Ward et al. (1988) also validated the one-mile walk but chose

0.70 while Custer and Chaloupka

overweight female subjects as their test group, in comparison 'to the

As a result of the moderately high correlation found between actual

subjects in the present study who were of average weight. They found a

correlation of r - 0.78, again slightly lower than the present study.

reported a validity correlation of r

estimating V02max, one of the most widely known is Cooper's l2-minute

The subjects participating in this study were considered to be of

Summary

run. In the original study Cooper (1968) reported a validity

correlation of r - 0.90. Burke (1976) also reported a correlation of r

When reviewing the predictive quality of endurance runs in

correlation coefficient of r - 0.71, along with Maksud et al. (1976) who

- 0.90 with the run. However, Katch et al. (1973) found a

average height and weight when compared to other females in thei·r age ""--,_..,

category. Their resulting absolute and relative V02max values compared

equally and slightly higher with many of the studies testing college:age

women, which perhaps reflects upon the physicalfitriess emphasis

prevalent on the University of WisconsiricLaCrosse campus.

test to use when estimating V0211lax in the female population betw"enthe

V02max and the predicted V02max from the equations developedbyKline"t

al. (1987), it was concluded that the one-mile walk is a valid field

(1977) found an even lower correlation of r '- 0.49.

coefficients were extremely similar, it was concluded that only one walk

ages of 18 to 29 years. Since there was no significant differences

between the predicted values of the walks and the correlation
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needs to be performed, and the generalized equation as provided in

Kline et al. 's (1987) study would be appropriate to use iri tlle younger

female population. In addition, since moderately high correlations were

obtained between the actual to predicted VOZmax,

of developing a valid regression equation was not addressed.



CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
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rate response, walk time and predicted V02max in both relative and

absolute terms, utilizing both the general and sex-specificpre<iiction

equations. A significantly faster walk time was noted in the second

walk when compared to the first I however,h.~CI;_~t rat:e_:t:'~~§.p()@j~~~g(~rt~t_~_

found to be significantly different between the two walks. In addition,

no significant difference was found between any of the predicted V02max

values when utilizing either the general or sex-specific equations or

when the values were expressed in relative or absolute terms ....A.

Pearson Product-Moment correlation technique was used to discern the

relationship between actual and predicted V02max values in both absolute

and relative terms. A moderately high correlation was found between all

predicted V02max values when compared to the actual V02max values.

Conclusions

In this research the validity of a new field prediction test based

solely upon walking was studied. Based upon the statistical

interpretation detailed in the preceding chapter and within the

limitations of this study, the following conclusions are

In accordance with the cardiorespiratory fitness classifications

developed by the American Heart Association (1972) the subjects in this

study were found to be in the good category of cardiorespiratory

fitness.

Since there was a significantly faster walk time for the

walk when compared to the first walk, it was concluded that a learning

effect did occur. However, even though the walk time was significantly

different, the heart rate response along with the predicted va1~es

obtained from combining the five variables of gender, age, body weight



(lbs), heart rate and elapsed walk time into the equation did not
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A possible reason.for ..theproduce significantly different results.
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fitness test needs to be available in order to provide a starting

baseline and evaluate progress for either overweight or deconditioned

individuals. The practical utility of many submaximal prediction tests

have been challenged because they were ,jeveloped on age::,~Illt"g!imder-,

specific populations and/or are too strenuous for older, overweight or

sedentary individuals. Thus, the results of this study indicate the

one-mile walk field test is a valid and relatively simple predictiqn

test which can be utilized in the college age female population ,of 18 to

29 year olds.

Recommendations

As a result of the conclusions presented and based upon previous

research, the following recommendations are offered:

/~ The subjects performing the walking test should be instructed on
!i proper stretching techniques, especially of the tibialis anterior
I

~ muscle, prior to undertaking the tes~: Many individuals are accustomed

~ to walking, however, they may not be accustomed to walking fast for a
,
~istance of one mile. Many subjects in the present studycomplaine,j9J

lower leg discomfort due to inadequate stretching and/or warm-up.

The heart rate monitors are applied and secured by an elastic belt.

The belt performed satisfactorily for the majority of subjects during

the field test and V02max test, however, with extremely thin

individuals, the belt did not fit snug enough ,juring'the actualV02max

test and began to slip during the later stages of the test when the

subject became moderately diaphoretic. Therefore, it is recommended

that the belt be secured with surgical tape prior to an extreme physical

effort in order to negate the possibility of the belt slipping down
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during the effort.

An additional recommended study could involve using a walking

range of fitness levels may produce different results. The subject

A less homogeneous group could be used. A sampl",incllldingaWider

A recommended foll0W::llPstudy could involve a trainiIlg..I'~()l'IraIIl

population utilized for this study was

utilizing walking as the exercise mode, in order to determine the

cat"'gOI:.y.....and.mi'y not accurately reflect a more

take place in the present study it would be interesting to evaluate the

results of the walking prediction tests. Since a learning effect did

accoun.t.for the· ·cardi.or",.spiratory classification of being intll.", good

between the two walking tests, along with the proposed improvement in
._~....-"-" .. '

training study with younger, highly fit individuals in order to

determine if walking would provide a sufficient stimulus in order to

cardiorespiratory fitness such a walking program should produce.

response of a training study, in which there was a longer period of time

produce a training effect. An addition to this study could have one

group perform with hand andlor leg weights and determine the heart rate

response and the attainment of a training heart rate in comparison to a

possibly higher injury rate.
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Borg Scale, Rating of

Perceived Exertion (RPE)

6

7 Very, Very Light

8

9 Very Light

10

11 Fairly Light

12

13 Somewhat Hard

14

15 Hard

16 ---- ---_._-

17 Very Hard

18

19 Very, Very Hard

20

Borg, 1973, p.92
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Test Information Form

-----'/_---~-

Name·

Your practice time is scheduled for ----------

Your One-Mile Walks are scheduled for

1. Do not eat, smoke or ingest alcoholic or caffeinated beverages for
four hours prior to the testing time.

Your V02max test is scheduled for

2. Do not exercise on the same day of the test prior to being tested.

The One-Mile Walk tests will be performed on the indoor track in
Mitchell Hall.

The tests you will be performing can give you a very accurate idea of
your cardiorespiratory fitness level. Thus, you will be able to evaluate
the effectiveness of your current exercise program or the resultstnay
give you the motivation to start one!! Due to the nature of the test,
special preparation is required of you. Listed below are the
responsibilities you have to meet in order to make your assessment the
best possible.

3. Wear a t-shirt and shorts/sweats with comfortable walking or
running shoes for the testing.

.5. If unable to attend a scheduled time, please contact Jane Dzaboff-
at 783-8256 or Stacey Van Skyhawk at 784-5151 or leave a message at
the Human Performance Laboratory - 785-8685 (24 hours prior to
testing if possible).

4. Be sure to warm-up and stretch before testing. If
unfamiliar with the proper stretching techniques, ask the test
administrators for assistance .

The V02max test will be conducted in the Human Performance Laboratory
(room 225) in Mitchell Hall.

Thank you for volunteering to be part of our research study. We look
forward to seeing you soon!
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INFORMED CONSENT
ONE-MILE WALK VALIDATION STUDY

I J , volunteer to be a subj ect in a
research study to determine if the One-Mile Walk is a valid field test
for predicting V02max in the young adult population. I understand
participation in this project requires that I complete ..one=VOirnax.--test
on the treadmill and two one mile walks on the indoor track in Mitchell
Hall as fast as possible.

The actual treadmill test will consist of a series of submaximal
efforts at increasing grades and/or speed until I reach a maximal
effort. During the V02max test my heart rate will be monitoreg
continuously via ECG or a heart rate monitor. Also I will breathe room
air through a mouthpiece so that my exhaled air can be collected,
Although this test will require maximal effort I understand that lcan
stop the test anytime I wish.

The One-Mile Walk tests will consist of walking as fast as possible
for a distance of one mile. I am aware that I will be wearing a heart
monitoring device throughout the tests and my heart rate will be taken
at differing intervals. As with any exercise, there exists the
possibility of adverse changes occurring (i.e., dizziness, difficulty in
breathing, etc.) during these tests. In addition, I will probably feel
tired at the end of the tests. If any abnormal observations are noted
at any time the test will be immediately terminated.

Signed:

At least one session will be requ~red-t~-become-fa~~iar~

running on a treadmill and the equipment. The practice and testing
sessions will be scheduled at my convenience. During these periods I
will be given specific instructions in order to improve my techniques.
The tests and practice sessions will be supervised/conducted by Jane
Dzaboff, R.N. and Stacey Van Skyhawk, under the supervision
Butts, Ph.D.

Witness:

I consider myself to be in good health and to my knowledge I go not
have any limiting physical condition or disability, especially with
respect to my heart, that would preclude my participation in ········.·..c ••••••.•.• cc.~~

exercise tests as described above. I have read the foregoing and I
understand what is expected of me. Any·questions which may have
occurred to me have been answered to my complete
therefore, voluntarily consent to be a subject in this study.
Furthermore, I know I may withdraw at any time without any type of
penalty.
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Dear

The equations used for
et a1. (1987) and were

The prediction test is a one-mile walk for time.
the predic~ion of V02max were published by Kline
validated for individuals 30 to 69 years of age.

This letter is to inform you about a research study in the Adult
Fitness/Cardiac Rehabilitation program. This study invo1¥es~va1~dat~on

of a new prediction field test for individuals 18 to 29 years of age.
Both males and females will be tested, but separated into two theses
topics.

February 17, 1989

The purpose of this study is to determine if the one-mile walk field
test published by Kline et al. (1987) accurately predicts V02max in the
young adult population, both male and female, ranging in age from 18 to
29 years. This will be accomplished by comparing actual V02max values
derived from a treadmill protocol with the predicted V02max values
obtained during the two one-mile walks and using the equations developed
by Kline et al. (1987). The secondary purpose of this study is to
develop a valid equation in case low correlation of the actual to
predicted V02max tests is found when using the above equations.

It is our understanding that in the past, P.E. 114 students were
required to perform a V02max test. Since it is no longer a requirement,
we would like to provide the students--the-<>pp0r-tun*y-ro-pat'-c-i-e-i-p-at:-e-i-n--------~----

this study, which as stated above, requires a V02max test. However,
along with the V02max test, they would also be required to perform two,
one-mile walk prediction tests.

If you have any questions or concerns, please feel free to contact us-at
783-8256. Thank you for your time and consideration.

Jane Dzaboff
Stacey Van Skyhawk
Adult Fitness/Cardiac Rehabilitation
Graduate Students
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Raw Data from the Two One-Mile Walks

Ss Walk Age Wt. HR Time V02max V02max Y02JDax V02max
no. (lbs) (bpm) (min:sec) (a) (b) (c) (d)

1 1 28 136 139 12:14 3.144 2.919 49.8 48.1
2 28 137 139 13:22 2.899 2.733 46.1 44.9

2 1 28 154 151 11:52 3.252 3.040 47.8 46.8
2 28 153 144 12:04 3.279 3.045 48.3 47.0

3 1 21 161 170 13:02 3.016 2 .932 ···~··..43.•~2~~c43:.7
2 21 159 160 13:07 3.094 2.969 44.6 44.7

4 1 22 126 148 11:59 3.052 2.884 50.8 49.4
2 22 125 159 11:54 3.043 2.899 51.0 49.8

5 1 20 126 177 11:32 2.979 2.896 50.1 49.6
2 20 125 184 11:02 3.001 2.927 50.7 50.2

6 1 20 131 131 13:55 3.020 2.835 49.1 47.7
2 20 134 142 13:53 2.928 2.780 47.2 46.4

7 1 20 133 141 11:44 3.412 3.157 54;5 52.6
2 20 133 142 11:55 3.348 3.112 53.6 51.8

8 1 19 118 171 13:24 2.564 2.565 45.6 45.6
2 19 120 178 13:04 2.595 2.604 45.7 45.9

9 1 20 125 169 13:06 2.711 2.634 46.3 46.1
2 20 124 185 12:07 2.738 2.727 47.1 47.2

10 1 21 167 178 11:16 3.375 3.227 47.2 47.4
2 21 167 177 10:19 3.599 3.397 50.5 50.2

11 1 20 161 155 13:57 3.009 2.899 42.9 43.2
2 20 157 168 13:45 2.868 2.816 41. 8 42.5

12 1 21 144 141 12:54 3.214 3.010 49.3 48.2
2 21 145 147 12:33 3.243 3.046 49.6 48.5

13 1 22 150 148 12:38 3.233 3.040 48.4 47.5
2 22 144 167 11:

14 1 24 144 158 12:06 3.131 2.971 48.2 47.5
2 24 144 167 11:46 3.103 2.968 47.9 47.4

15 1 20 175 171 13:21 3.087 3.003 42.6 42.3
2 20 173 178 12:39 3.145 3.060 42.6 43.6

16 1 23 111 178 11:47 2.698 2.661 49
2 23 111 194 10:43 2.753 2.736

17 1 18 149 174 13:05 2.927 2.875 44.5 45.0
2 18 148 176 13:04 2.899 2.857 44.3 44.9

18 1 22 117 190 11:47 2.640 2.650 47.1 47.2
2 22 116 188 11:12 2.785 2.756 49.

19 1 21 143 174 11:00 3.262 3.115 50.6 50.0
2 21 144 161 11:13 3.372 3.172 51.8 50.8

20 1 19 157 136 14:03 3.194 3.002
2 19 157 154 13:19 3.152 3.007 45.8

21 1 20 133 179 12:25 2.822 2.786 46.3
2 20 133 177 12:12 2.893 2.836 47.3 47.3

22 1 24 110 180 11:48 2.636 2.613 48.4 47.9
2 24 110 186 11:42 2.589 2.590 47;8 47.5

23 1 20 124 164 12:24 2.916 2.820 49.4 48.7
2 20 126 165 11:49 3.053 2.928 51.0 50.1

24 1 21 136 165 12:05 3.059 2.936 49.0 48.4
2 21 138 175 11:27 3.104 2.993 49.3 48.9

25 1 21 130 173 12:27 2.830 2.773 47.0 46.8
2 21 129 178 12:27 2.764 2.732 46.3 46.3
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Ss Walk Age Wt HR Time V02max V02max V02max
no. (lbs) (bpm) (min: sec) (a) (b) (c)

26 1 22 149 170 12:44 2.948 2.868 44.7 .44 ..9
2 22 152 140 13:46 3.089 2.915 45.8 45.1

27 1 21 135 188 12:58 2.588 2.623 42.6 43A
2 21 135 185 12:57 2.588 2.623 42.6 43.4

28 1 21 138 178 11: 50 2.984 2.907 47.6 47.5
2 21 135 184 11:25 2.981

29 1 20 130 142 13:12 3.044 2.876 49.8 48.5
2 20 129 162 12:00 3.074 2.940 50.6· 49.7

30 1 27 113 146 12:25 2.839 2.687 50.3 48.6
2 27 III 133 12:29 2.956 2.748 52.3 49.9

V02max(a) - (l'min-I ) General Equation
V02max(b) - (1'min- 1) Female Equation
V02max(c) - (m1'kg- 1 'min- 1) General Equation
V02max(d) - (m1'kg- 1 'min- 1) Female Equation
(Kline et a1. 1987)
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Raw Data from Actual V02max Test

Ss VE . V02max V02max RER HRmax lIT HT
(l'min- l ) (l'min- l ) (ml·kg-1. min- 1) (1:>pm) (l1:>s) ·(int==··~-_··-·

1 93.1 3.099 49.7 1.10 186 136 65.5
2 97.5 3.200 45.7 1.15 181 154 65.5
3 110.6 3.367 45.6 1.16 207 161 68
4 96.1 2.706 47.5 1.12 ··H9............=1-2.6:61~
5 87.9 2.893 50.6 1.06 200 126 65.5
6 94.3 2.930 48.6 1.12 182 131 64
7 115.5 3.244 54.0 1.13 187 133 65
8 71.4 2.327 43.5 1.16 197
9 82.1 2.498 44.8 0.99 198 125 65
10 113.4 3.596 48.0 0.99 186 167 71
11 117.8 2.796 39.0 1.10 200 161 67.5
12 90.8 2.931 44.6 1.15
13 109.6 3.367 49.8 1. 06 183
14 107.8 3.194 49.3 1.13 182 144 68.5
15 111.9 3.344 42.5 1.13 207 175 70
16 85.0 2.652 52.9 1.15 198 111 61
17 107.2 2.800 41.4 1.17 209 149 68;.5
18 88.7 2.358 43.7 1.09 195 117 65
19 105.5 3.431 52.2 1.21 185 143 68.5
20 95.6 3.155 44.3 1.10 188 157 63
21 86.0 2.790 46.2 1.06 199 133 66
22 100.3 2.724 53.6 1.15 .203 110 64
23 92 .2 2.952 52.5 1.00 184 124 63.5
24 100.5 3.154 50.8 1.04 197 136 64
25 79.8 2.789 46-:-9-----l-:----J:-4 196 130 6g--····
26 110.1 2.854 41. 9 1.13 200 149 64.5
27 89.7 2.361 38.6 1.05 205 135 ·64
28 115.1 3.003 49.2 1.09 204 138 67
29 97.7 3.056 54.3 1.11 189 130 64.5
30 97.2 2.782 53.6 1.14 184


