
ABSTRACT 

HCNAHARA, H. J. -tion of a cvcle ernometer VQ?IQsx oredictior~ 
. MS in Adult 

~itness/~ardiac Rehabilitation, 1992, 56pp. (L. Terry). 

Twenty-one noneedentary college women volunteered to perform a maximal 
exercise test on a Honark stationary cycle ergometer. The S's ranged in 
age from 18-25 years. Each Ses maximal work load (watts), wt (kg), and 
age were utilized to estimate V02max in relative (ml.kg-l.minl) and 
absolute (L-mid1) terms, using the V02max prediction equation developed 
by Storer, Davis, and Caiozzo (1990). Pearson's product moment 
correlation coefficients were computed to measure the strength of the 
relationship between the actual V02max obtained through direct gas 
analysis and the predicted VOzmax using the Storer et al. (1990) 
equation in relative and absolute terms. Relatively high correlations 
between the actual and predicted values were revealed (r - .88 and r - 
. 9 2 ) .  Although a &-test revealed a significant difference at the .05 
confidence level between the actual and predicted VOzmax values, the 
majority of the estimations were within 10% of the actual VOzmax which 
agrees with the results published by Storer et al. in 1990. It can be 
concluded that the VOzmax prediction equation developed by Storer et al. 
(1990) can be used to predict VOzmax in healthy, nonsedentary college 
age women. 
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CHAPTER I 

INTRODUCTION 

The evaluation of aerobic capacity is important in assessing 

cardiopulmonary health, formulation of exercise prescription, and 

evaluating the effectiveness of an exercise program (Foster, et al. 

1983). The most accurate indicator of aerobic capacity or 

cardiorespiratory fitness is obtained by measuring maximal oxygen uptake 

or VOzmax (Long, 1980; Siconolfi, Cullinane, Carleton, & Thompson, 

1980). Maximal oxygen uptake is the amount of oxygen used by the 

working muscles during maximal exercise (Taylor, Buskirk, & Henchel, 

1955). 

Aerobic capacity is typically measured by the administration of a 

maximal graded exercise test (GXT) on a treadmill or cycle ergometer. 

Ideally, measurements of ventilation and gas exchange are evaluated so 

actual oxygen consumption can be determined directly (Storer. Davis, & 

Caiozzo, 1990). 

The direct method of determining oxygen uptake is often times not 

feasible. The gas collection and analysis process is time consuming and 

requires expensive and complicated equipment. The difficulty in 

directly measuring oxygen uptake created the emergence of prediction 

equations. Prediction equations were formulated to give an estimation 

of functional capacity without the need for direct gas collection and 

analysis. 
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According to Storer et al. (1990), numerous equations exist for 

predicting VO2max in treadmill exercise testing. One of the most widely 

recognized was developed in 1973, by Bruce, Kusumi, and Hosmer. Bruce 

et el. (1973) developed a prediction equation based on test duration. 

Bruce et al. (1973) theorized that, in healthy subjects, VOz is linearly 

related to work rate and work rate is linearly related to test duration. 

This equation proved to be very reliable and is still in wide use today. 

Since the majority of VOzmax prediction equations are geared 

toward treadmill use, Storer et al. (1990) developed an equation 

designed for cycle ergometer use. The ease and accuracy for obtaining 

workload from cycle ergometer has a great advantage over quantifying the 

actual workload in treadmill use (Wasserman & Whipp, 1975). Storer et 

al. (1990) theorized that the difficulty in obtaining accurate workload 

from treadmill exercise is the reason Bruce et al. (1973) used test 

duration as the main variable in formulating the prediction equation. 

Storer et al. (1990) report that from a physiological perspective, it is 

preferable to predict VOzmax from maximal work rate instead of test 

duration since V02 is directly linked to work rate but only indirectly 

linked to test duration through work rate. Also, the majority of 

prediction equations are estimated from submaximal tests. Storer et al. 

(1990) use a maximal exercise test so actual maximal workload is 

actually achieved. Storer et al. (1990) conclude that the use of 

maximal exercise test on a cycle ergometer may provide an improved 

estimation of V02max. 



BackPround 

Storer et el. (1990) derived a cycle ergometer VOgax prediction 

equation by testing 115 healthy, sedentary males and 116 healthy, 

sedentary females. The sample ranged in age from 20-70 years. The 

subjects performed maximal graded exercise (GXT) tests on the Monark 

cycle ergometer. The protocol began with a 4 minute warm-up stage with 

no resistance and progressed 15 watts per stage until complete 

exhaustion. Each stage lasted 1 minute, re~pectively. 

Storer et al. (1990) reported that VOzmax could be predicted to 

within 10% of the actual value using their prediction equation. The 

internal and external cross-validation analysis yielded very impressive 

correlation values ranging between r - .92 and .95 for the men and women 
involved in the study. The linear regression equations in Table 1 were 

formulated to predict VOzmax (y) in milliliters per minute from :he 

independent variables of maximal watts (W), body aeight (kg), and age 

(yr) in the subjects tested by Storer et al. (1990). 

Table 1. Regression equations for estimating VOzmax. 

Hales: Y - 10.51 (W) + 6.35 (kg) - 10.49 (yr) + 519.3 

r - 0.939, SEE - 212 mlqmin-I 
Women: Y - 9.39 (W) + 7.7 (kg) - 5.88 (yr) + 136.7 

r - 0.932 SEE - 147 ml.midl 
Storer et al. (1990) suggested the use of a modified protocol if 

the previously mentioned VOzmax prediction equation were to be used on 

healthy, nonsedentary individuals. This was recommended to keep total 



test duration to a minimum. Storer et al. (1990), recommended 

progressing 30 watts per stage rather than 15 watts per stage when 

testing healthy, nonsedentary individuals. Storer et al. (1990) 

recommended that any alteration in protocol be validated to ensure 

accuracy. That validation process was the basis for this research 

study. 

Pur~ose of the Study 

This research study was conducted to validate the VOzmax 

prediction equation for healthy, nonsedentary, college-age women, 

formulated by Storer et al. (1990). The predicted VOzmax was compared 

to the actual VOzmax attained through direct gas analysis. The 

secondary purpose if necessary, was to develop a regression equation to 

enhance the predicting capability of the equation developed by Scorer et 

al. (1990). 

Need for the Study 

Due to the procedures and equipment necessary for attaining actual 

VOzmax values, the use of equations that predict V02max has become an 

attractive alternative. The stationary cycling equation published by 

Storer et al. in 1990, was designed for sedentary subjects who ranged in 

age from 20 to 70 years old. This research study effiployed both a 

variation in sample and protocol. Therefore, it is necessary to 

validate the equation to insure the predicting capabilities are 

accurate. 

-m 

Can VOzmax be predicted using the prediction equation formulated 

by Storer c t  al. (1990) employing the use of a modified protocol in 



healthy, nonsedentary, college-age women on a Monark cycle ergomnter? 

H.motheaia 
The following hypothesis was tested at the .05 confidence level: 

VOlrnax can be predicted in healthy, nonsedentary, college-age 

women utilizing the prediction equation formulated by Storer et al. 

(1990) using a modified protocol on a Honark cycle ergometer. 

mumations 

The following assumptions were made for this study: 

1. The Monark cycle ergometer would function accurately and 

consistently during each test. 

2. The Q Plax gas analyzer and heart watch monitors would function 

accurately throughout the study. 

3. All subjects were healthy a ~ d  free of cardiovascular, respiratory, 

and metabolic disease. 

I .  All subjects fasted for 3 hours prior to testing and abstained from 

strenuous exercise 25 hours prior to testing. 

5.  Ail subjects participated in some type of aerobic training at least 

twice a week for a minimum of 20 minutes each session. 

Delimitations 

The delimitations to this study were: 

1. The subjects were healthy, nonsedentary, females. 

2. The age of the subjects ranged between 18-25 years. 

unitations 

The limitations to this study were: 

1. The subjects in this study were not randomly selected, but were 

volunteers. 



2. The study i~~volved 21 subjects. 

Definition of Terms 

Graded Exercise Test (GXTL - a multistaged exercise test in which the 

intensity begins at a low level and increases in intensity until the 

individual is fatigued or contraindicated signs or symptoms are 

encountered. GXTs are usually performed on a treadmill or a stationary 

cycle ergometer. 

Maximal O x v ~  Uotake (V0,maxl - the maximal amount of oxygen that can 

be taken in, transported, and used by the body during maximal exercise. 

V02max is regarded as the best indicator of aerobic capacity. This was 

measired on a Monark cycle ergometer using a modification of the 

protocol presented by Storer et al. (1990). VOzmax was expressed in 

absolute (L-min-') and relative terms (ml. kg-'amin-I). V0,max was 

accepted if two of the four criteria were met; the oxygen uptake reached 

a leveling off (el50 ml/min) with an increase in workload, if the heart 

rate was within 12 beats of the age predicted maximum (220-age), if the 

rating of perceived exertion reported exceeded 18, or if the respiratory 

exchange ratio was greater than 1.00. 

Nonark Cvcle Ereometer - a stationary cycle that gives varying 

resistance through adjustment of a belt which applies friction to the 

wheel acting like a brake. 

-y - a subject was considered nonsedentary if they engaged in 

some type of aerobic activity which included large muscle groups for a 

minimum of 20 minutes in duration, a minimum of two times a week. 

Ouinton 0 Pleg - (Qufnton Instrument Co.) an open circuit spirometry 

system which analyzes the expired air to determine the carbon dioxide 



and oxygen content as well as the volume of air expired. The 

calculations of oxygen consumption, respiratory exchange ratio, and 

ventilation were calculated using the Q Plex. 

of Perceived Exertion - a subjective value selected by the 

subject during the graded exercise test to give an indication of overall 

level of exertion. The values were chosen from the Borg (1973) 6-20 

Scale of Perceived Exertion (see Appendix A). The rating of perceived 

exertion was considered to be an indicator of volitional exhaustion if a 

value of greater than 18 was reported. 

-a -1 - the ratio of the amount of carbon 

dioxide produced and expired to the amount of oxygen consumed by the 

body. The respiratory exchange ratio was considered to be. an indicator 

of a true maximal effort when a value greater than 1.00 was attained. 



CHAPTER I1 

REVIEW OF LITERATURE 

utroduction 

There are a variety of equations and protocols available for 

predicting VOzmax using Inany different modalities of exercise. The most 

common modalities include treadmills, bicycle ergometer, step tests, and 

run/walk tests. This chapter will review the development of predictive 

tests. methods of determining VOzmax, and a review of the prediction 

equations available for treadmill, stationary cycle ergometry, step 

tests, run/walk tests, and metabolic equations. 

pevelooment of Predictive Tests 

The assessment of VOzmax is regarded as the best indicator of 

aerobic fitness. The most accurate method of determining VOzmax is by 

directly measuring the amount of oxygen that is taken in and used by the 

body. This is a time consuming process and requires expensive 

equipment. For assessing the maximal amount of oxygen an individual can 

utilize requires the subject to exercise at a maximal effort while all 

expired air is collected and analyzed. The use of prediction tests is 

attractive because many can be administered to a large group of people 

with a minimal amount of equipment and training required. Most require 

a submaximal effort to predict VOzmax. This enhances user appeal and 

requires less stress to be placed on the subject performing the test 

reducing the risk of injury. 



The development of the prediction equation came about in the early 

1920'm by members of the Harvard Fatigue Laboratory (Horvath & Horvath, 

1973). The Harvard Fatigue Laboratory attempted to develop exercise 

tests in order to classify individuals into fit~rass categories without 

the use of elaborate equipment or maximal effort. Research by the 

Harvard Fatigue Laboratory produced the well known Harvard Step Test. 

The step test was not the only test the researchers experimented 

with. One of the first tests the researchers developed was the Stone 

Boat Test. This test involved dragging a boat filled with stones (one 

third of the subjects body weight) 300 yards and measuring recovery 

heart rate. Needless to say, the step test provided much easier 

administration and subject appeal. The initial step test, before 

modification, was anything but appealing. Many of the subjects were 

unable to complete the test due to the fact that the subjects were 

required to carry one third of their body weight on their backs for the 

5 minute test. 

Methods of Determinine VO- 

As mentioned earlier in this chapter, the most accurate method of 

determining VOzmax is by directly measuring the gas content and volume 

of the expired air during maximal exertion. These measurements give the 

exact amount of oxygen the body has taken in and utilized. This method 

requires the collection of the expired air to occur during maximal 

exercise, requires equipment capable of collecting and analyzing the 

expired air, and requires a maximal effort from the individual. 

Because of the time conswing and complicated procedures of 

determining VOzmax directly, several methods of determining V0,max 
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indirectly have been developed. Many of the procedures require a sub- 

maximal effort, are relatively short in duration, and have the ability 

to test a large number of individuals at the same time. 

The early tests such as the Stone Boat test and the Harvard Step 

Test (Horvath & Horvath, 1973), were based on recovery heart rates as an 

indirect indicator of the individual's work capacity. As Wilmore and 

Costill (1988) explained, the better physiologically adapted to exercise 

the individual was, the less load that is placed on the heart and the 

more work the individual can perform at lower heart rates. 

Another common method for indirectly predicting oxygen consumption 

is the heart rate and oxygen uptake relationship. This theory is based 

on the assumed linear relationship between heart rate and oxygen 

consumption. An example is the Astrand-Ryhming nomogram (1954) in which 

submaximal heart rates are extrapolated to the presumed maximal heart 

rate (usually age predicted or 220-age) and then extrapolated to the 

corresponding oxygen requirements to obtain the VOlplax value. 

Heart rate is also used to indirectly predict VOzmax in the physical 

work capacity (PWC) test. These tests are based on the amount of work 

the individual can attain before the preset heart rate is achieved. A 

good example of this method is a step test designed by Witten (1973) in 

which the subject performs innings of work until the heart rate exceeds 

168 beats per minute. 

Many prediction equations have used multiple linear regression 

equations to predict V02max. Johnson and Siege1 (1981) reported that 

the use of this analysis technique has revealed that oxygen consumption 

can be predicted to a reasonable degree of accuracy (r - .90). There is 
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a wide range of variables that go into each specific regression 

equation. Many include subject test time, weight, age, or heart rate. 

There are gender specific equations as well as gender iadependent 

equations. Some of the variables that are employed in these equations 

may seem odd. A good example is found in a run/walk test reported by 

Jessup, Tolson, and Terry (1974) in which leg length is used in the 

regression equatfon. 

Treadmill Tests 

The use of treadmill protocols for measuring functional capacity is 

very common and regarded as the modality that will elicit the highest 

VOzmax and heart rate in the average individual (Wilmore 6 Costill, 

1988). When comparing VOzmax scores, Astranu and Rodahl (1977) report 

that uphill (>3X grade) treadmill use produces maximal values which are 

5-8% higher than upright stationary cycling, 3% higher than step tests, 

and 5% higher than horizontal running. 

This appears to be true in the average individual but as Stromme, 

Ingjer. and Heen (1977) reported. elite athletes have a specificity to 

their own sport or activity. Specificity simply means that the 

individual will perform at a higher level on their specific sport than 

when compared to a mode of activity they are not familiar with. 

Stromme et el. (1977) tested elite cross country skiers, rowers, and 

cyclists. Nearly all the athletes achieved the highest VOzmax in their 

sport specific activity compared to their treadmill VOzmax. 

Treadmill use provides a very natural and uncomplicaced action for 

the average individual being tested. The individual must simply keep up 

with the treadmill to maintain the proper workload. This differs from 



step tests and stationary cycle tests in that the individual must 

maintain a certain number of repetitions or revolutions per minute to 

maintain the proper workload. 

In a study by Pollock et al. (1976) several of the most widely used 

treadmill protocols were evaluated for accuracy. The protocols included 

in this study were developed by Bruce et al., (1973), Balke and Ware 

(1959), and Ellstad, Allen, Wan, and Kemp (1969). Each protocol was 

multistaged, with the intensity increasing after each stage. Stage 

length lasted between 2-3 minutes for their respected protocols. 

All three protocols use test duration as the chief independent 

variable in the regression equation for obtaining the predicted V02max 

values. Pollock et al. (1976) reported correlations between treadmill 

time and VOzmax to be r - .88,  .90, and . 9 2 ,  for the Bruce, Ellstad, and 

Balke tests. Pollock et al. (1976) also developed a nomogram comparing 

test time to VOzmax for all three protocols. 

gvcle Tests 

Cycle prediction equations are very popular because unlike 

treadmills, stationary cycle ergometers are relatively easy to use, are 

much more portable, and cost considerably less. Also, if measurements 

of blood pressure and electrocardiograms are evaluated, the use of the 

cycle ergometers may make it easier to attain accurate values compared 

to treadmill running. The relatively motionless upper-body seen in 

cycle testing can produce considerably less artifact on the 

electrocardiogram (ECG) and may make it easier to obtain blood pressures 

compared to a treadmill test. Cycle ergometers are preferred when an 

individual has an orthopedic problem that may be made worse by walking 



or running on a treadmill. 

One of the first and most widely recognized cycle tests was 

developed by Astrand and Ryhming (1954) who developed a nomogram to 

predict V02max from workload achieved during a submaximal cycling test. 

The nomogram predicted VOzmax by plotting the submaximal heart rate 

against the corresponding workload attained on the cycle ergometer in 

kgm/min". The nornogrim was also designed to predict V02max from step 

tests and treadmill use if oxygen consumption was recorded. 

Because the Astrand-Ryhming Nomogram (1954) was developed for young 

well-trained individuals (20-30 years old), some modifications have been 

implemented. Astrand (1960) developed age correction factors to help 

enhance the accuracy of the nomogram. Glassford, Baycroft, Sedgwick, 

and HacNab (1965) tested males (17-33 years old) using the age 

corrections against direct treadmill values. Glassford et al. (1965) 

concluded that the Astrand Nomogram (1960) gave an accurate estimate of 

VOzmax (r - .80). Tersalinna, Ismail, and MacLeod (1966) reported a 

correlation of r - .92 when the age correction factor was used. 
Siconolfi et al. (1982) modified the protocol to accommodate older 

and less-fit individuals. The initial Astrand-Ryhming (1954) protocol 

started at an intensity level too high for unfit, older individuals (300 

kpm.min" for women. 600 kpmemin-l for men). The intensity increased 300 

kpmamin-I until 900/1200 kpm-min-I was reached for the male subjects and 

600/900 kpm.min-l was attained by the female subjects. Many people were 

unable to perform this test due to the high intensity. Siconolfi et al. 

(1982) modified the initial stage to 150 kpm-min-' for women and men >35 

years old. The following stages increased in resistance 150 kpm.nlin-' 



u n t i l  70% of the age predicted maxiy l  hear t  ra te  (220 - age) was 
I 

achieved. 

Siconolfi e t  e l .  (1982) developed a gender specif ic  regression 

equation using the predicted VOzmax from the Astrand-Ryhming Nomogram 

(1954) and the subjects age. A correlation of r - .86 and a standard 

e r ro r  of estimate of ,359 Iimin-' was seen in  the males equation and a 

correlation of r - .97 with a standard error  of estimate of ,199 L.min-' 

was reported fo r  females. 

Nagel (1988) developed submaximal prediction equations for  the use 

on the Airdyne ergometer. Nagel (1988) based the research on the same 

theory, hear t  r a te  is l inear ly  related t o  oxygen consumption, a s  Astzirnd 

and Ryhming (1954) based the i r  work. Nagel (1988) experimented with 

three di f ferent  methods for  obtaining maximal hear t  r a t e .  

The experimented methods were: actual maximal hear t  r a t e  achieved on 

a graded exercise t e s t ,  220 - age, and 220 - .5(age). Nagel (1988) 

reported correlations ranging from r - .69 and .74 between the actual 

and predicted VOzmax and reported the a b i l i t y  t o  predict  VOzmax t o  

within 11-13% of actual using the di f ferent  heart  r a te  methods. 

The YMCA cycle ergometer protocol (Golding, Meyers, & Sinning, 1989) 

uses an extrapolation method t o  predict  VOzmax. In order t o  obtain the 

predicted oxygen consumption values using t h i s  protocol two steady s t a t e  

hear t  r a tes  are  plotted and then extended t o  the age predicts maximal 

hear t  r a te  (220 - age). The age predicted maximal hear t  r a t e  is then 

used t o  predict  maximal work ra te .  The maximal work ra te  is then used 

to  predict  the maximal amount of oxygen needed t o  perform the work. 
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Because it has been reported that  heart  r a te  may be nonlinear or 

asymptomatic when an individual nears maximal exertion (Davies, 1968; 

Wyndham e t  a l .  1959), Golding e t  e l .  (1989) recommend using two steady 

s t a t e  hear t  r a tes  that  range between 110-150 beats per minute t o  be used 

t o  p lo t  the hear t  r a te .  These hear t  ra tes  assure that  enough aerobic 

work has been completed. The use of these s e t  ra tes  a lso  keep the 

anaerobic component from influencing the test. 

The protocol is a branching type protocol. There are  several 

d i f ferent  branches that  can be followed depending on the individuals 

hear t  r a t e  response t o  the i n i t i a l  150 kpm-mid1 workload. The lower 

hear t  r a t e  response t o  the 150 kpm-min-l, the more intense the path that 

w i l l  be followed. These di f ferent  paths were designed t o  accommodate a 

var ie ty  of f i tness  levels .  

Fox (1973) developed a simple and short  t e s t  t o  predict  V02max. Fox 

(1973) designed a regression equation based on the individuals heart  

r a t e  a t  the end of a 5 minute cycling bout a t  150 watts. The sample 

consisted of 87 untrained males with a mean age 19.5 years. Fox 

reported a correlation of r - .76 between the predicted and actual 

VOzmax and was able t o  predict  V0,max within 7-8%. 

Steo Tests 

Step t e s t s  have long been employed t o  assess physical f i tness  for  a 

large number of individuals. The minimal amount of equipment and 

re la t ive  short  duration of the t e s t  a l l  favor using the s tep t e s t s .  The 

protocols used fo r  the majority of the s tep t e s t s  consist  of taking a 

s e t  amount of steps per minute a t  a s e t  step height. 
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There are several methods used to determine functional capacity from 

the various step tests. In most cases, the results are based on the 

heart rate response to the test. The Skubic-Hodgkins Step Test (1963), 

a modification of the Harvard Step Test (Horvath & Horvath 1973), and 

Queens College Step Test (McArdle, Ketch, Pechar, Jacobson, & Ruck, 

1972) are based on the heart rate response directly after the test has 

been completed. The Mod-OSU (Cotten 1971) and Witten (1973) step tests 

are based on the amount of work that can be performed before the 

individual's heart rate exceeds the preset limit (150 beats/min OSU and 

168 beats/min in the Witten). 

Johnson and Sjegel (1981) studied the four previously mentioned step 

tests to determine the accuracy of the prediction equation and to study 

the effect that training had upon the step test results. Johnson and 

Siegel (1981) tested 34 women (mean age 19.5 years) on each of the four 

step test protocols and performed a maximal treadmill test both before 

and after a 6 week training program. 

The Queens College (McArdle et al. 1972) and the Skubic-Hodgkins 

(1963) step tests yielded the highest correlations (r - .61 and r - . 5 7 )  

between the predicted and the actual VOzmax achieved from the maximal 

treadmill test. Johnson and Siegel (1981) concluded that determining 

actual changes in step test performance over the pretesting and post- 

testing, were not meaningfully related to the actual changes in the 

VOzmax seen in the step test scores. Johnson and Siegel (1981) 

recommended the Queens College test as the preferred test to obtain a 

general estimate of an individuals VOZmax when the populations are 

similar. 
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Run/walk prediction tests have the ability to assess a large number 

of individuals with a minimum amount of resources necessary for the 

assessment. "ne very popular and widely used run/walk test was the 

Cooper 12 Minute Runflalk Test (1968). Cooper developed an equation to 

predict VOzmax from the discance covered during the 12 minute period of 

time. Cooper (1968) developed this equation by testing 115 males (mean 

age 22 years). All sq~bjects were given a maximal treadmill test and a 

12 minute I n/walk test. A regression equation was formulated from the 

results of these two tests. Cooper (1968) reported a correlation of 

r 1.897 between actual and prodictcd VOzmax. 

Maksud, Cannistra, and Dublinek (1976) evaluated the Cooper test on 

a sample consisting of women. The sample consisted of female athletes 

with a mean age of 19.7 years. Maksud found a correlation between the 

actual VOzmax and the values form the Cooper test to be r - .70. The 

correlation was much lower than the correlation of r - .897 that Cooper 
(1968) reported on the sample consisting of men. 

Johnson, Oliver, and Terry (1979) formulated a regression equation 

using the Cooper 12 Minute test for women ranging in ages between 18 and 

29 years old. Johnson et al. (1979) reported a correlation of r - .91 
between the predicted VOzmax from the Cooper test (1968) and the VOzmax 

achieved on the Astrand-Ryhming Nomogram (1954). 

Getchell, Kirkendall, and Robbins (1977) developed a r e r  .sion 

equation to preb!ct VOzmax from a 1.5 mile run/walk performance in 

experienced women joggers (mean age 20.1 years). Getchell et al. (1977) 

were concerned that test length influenced the ability to accurately 



predict VOzmax. Getchell et al. (1977) made reference to the AAHPERD 

600 yard run/walk (Hunsucker & Reiff, 1976) as being a good indicator of 

athletic skill but not a good indicator of VOzmax. Getchell et al. 

(1977) revealed a correlation of r - .97 between the predicted 1.5 mile 
VOzmax and actual VOzmax. Getchell et al. (1977) concluded that the 1.5 

mile run/walk test provided sufficient time and distance to be an 

accurate test of aerobic fitness in their sample. 

Kline, et el. (1987) developed a prediction equation from the 

performance of a one-mile walk test. A regression equation for men and 

women were developed as well as a general equation for both genders. 

The sample ranged in age from 30-69 years old. The variables the 

regression equation took into account were; body weight, age, sex, one 

mile test time, and heart rate. Kline et al. (1987) reported a 

correlation of r - .92 between the predicted and the actual VOzmax and a 
standard error of estimate of ,355 ~Smin-' for the gender independent 

equation. 

Metabolic Eauations 

The American College of Sports Medicine (AGSM, 1991) published 

prediction equations for energy expenditure for a variety of different 

exercise modalities. Included are the step test, leg and arm ergometer, 

and treadmill use (running and walking). The variables that are taken 

into consideration in the equations are the horizontal component, 

vertical or resistive component, and the resting component. 

The ACSM (1991) cautions that these equations are only estimates and 

are subject to variability. These equations were designed to estimate 

oxygen consumption from steady state exercise. When these equations are 
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used for ncrnsteady state submaximal exercise the actual V02max is 

greater than the predicted VOzmax. When the equations are used for 

maximal exertion, both aerobic and anaerobic energy systems are being 

employed and the predicted VOzmax will be higher than the actual V02max. 

Summarv 

While it ia widely accepted that VOZmax is the best indicator of 

cerdiorespiratory fitness, the complications of directly obtaining this 

value have created the need for alternate methods of assessing aerobic 

capacity. The use of prediction equations has provided a method of 

indirectly aesessing aerobic capacity. The wide variety of equations 

and protocols has made it easy to test a large number of individuals at 

the same time. with a minimal amount of equipment. The use of sub- 

maximal tests has also decreased the amount of stress placed on the 

individual, thus making testing safer. 

It should be cautioned that these predictions should be used only as 

an estimation of aerobic capacity. Many of the equations state that 

VOzmax can be predicted within 10-152. Also the sample characteristics 

for which the test was designed should be taken into consideration when 

selecting a particular test. 



CHAPTER I11 

METHODOMGY 

btroduction 

The purpose of this investigation was to validate the VOzmax 

prediction equation formulated by Storer et al. (1990) for the 

stationary cycle ergometer. The testing protocol deviated from the 

protocol presented by Storer et al. (1990) in that the workload 

increments increased 30 watts per stage instead of 15 watts per stage. 

The modified protocol was e~nployed because the sample in this study 

consisted of young, healthy, nonsedentary women. In contrast, Storer et 

al. (1990) used subjects that ranged in age from 20 to 70 years, and 

were considered sedentary. Because the protocol is a maximal exercise 

test, the increase in workload was implemented to limit the total test 

time of the exercise test. 

All testing was performed in the Human Performance Lab at the 

University tf Wisconsin-La Crosse. The procedures used to obtain data, 

the equipment used, and the statistics utilized for evaluating the data 

for this investigation have been described in this chapter. 

Subiect Selection 

Twenty-one female students at the ilniversity of Wisconsin- 

La Crosse volunteered to participate in this study. All 21 subjects 

were considered to he nonsedentary. A subject was considered 

nonsedentary if they engaged in a continuous, aerobic activity involving 

20 



large muscle groups. The duration of each exercise session must have 

exceeded 20 minutes and the exercise must have been performed two or 

more days per week. Each subject was required to fill out an exercise 

activity questionnaire to ensure that the proper criteria was met before 

participation in the study was allowed (see Appendix 8). 

All subjects were asked to refrain from eating, drinking alcoholic 

beverages, and smoking 3 hours prior to testing and to refrain from 

strenuous exercise for 24 hours prior to testing. The testing procedure 

and all equipment were explained to each subject. Prior to the 

beginning of the exercise test, height and weight measurements were 

obtained and each subject was required to read and sign an informed 

consent (see Appendix C). Each subject was encouraged to ask questions 

if any aspect of the testing procedure was unclear. The Borg 6-20 

Rating of Perceived Exertion (RPE) scale was also explained at this time 

(Borg, 1973) (see Appendix A). 

Instrumentation 

A Honark cycle ergometer was used for each exercise test. The cycle 

ergometer was calibrated prior to the beginning of all testing. The 

calibration process consisted of zeroing out the workload scale prior to 

each individual test. Calibration of the resistance belt and work load 

scale with known weights was done prior to the start of all testing. 

The reststance belt was calibrated with known weights ranging from 1-4 

kg. All weights corresponded to the value present on the Monark 

workload scale. 

Seat height was adjusted for each subject prior to testing. The 

seat height adjustment allowed for a slight knee bend when the leg was 



fully extended on the pedal. This was considered the most efficient 

position for cycling (Farly, Yanowitz, & Wilson 1988). Subjects were 

instructed that the pedalling resistance would increase 30 watts every 

minute until complete exhaustion occurred. 

Heart rate was obtained throughout the testing via the UNIQ Heart 

Watch monitor (Computer Instruments Corporation, Model 8799). The UNIQ 

Heart Watch monitor consists of a transmitter and a monitor. The 

transmitter was connected to an elastic strap and placed on the subjects 

chest directly over the heart. Electrodes on the elastic strap sensed 

the electrical signals generated by the heart. The electrodes were 

moistened with water prior to testing to enhance the conducting 

capabilities between the skin and the electrodes. The heart rate 

monitor displayed the heart rates electronically in beats per minute. 

During the exercise test, all expelled air was analyzed via the 

Quinton Q Plex (Quinton Instrument Co.). The Quinton Q Plex is a open 

circuit spirometry unit. The open circuit spirometry unit involves 

using the known values of atmospheric or room air to determine the gas 

fractions and volume of the expired air. Each subject wore a noseclip 

and a Hans Rudolph 2-way nonrebreathing valve t o  transport the expired 

air to the Q Plex for analysis. 

The Q Plex recorded volume of expired air (V,) in  ami in-', volume of 

oxygen consumed (V4) in absolute (L.min'l) and relative (ml. kg-min") 

terms, respiratory exchange ratio (RER), tidal volume (VT) in Lamin-', 

respirations per minute (RR/MIN), the percent of expired oxygen (FeOz), 

and the percent of expired carbon dioxide (FeCO,). The data obtained by 

the Q Plex was updated every 20 seconds throughout each test by an 
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on-line microcomputer. The highest 1 minute average was considered as 

the maximum for each subject. 

The Q Plex gas analyzer was calibrated from known values of oxygen 

and carbon dioxide, using the Scholander technique, and the volume was 

calibrated via a 3 L syringe before each test. Barometric pressure. 

temperature, and humidity were taken into consideration during the 

calibration process. 

The protocol used for the VOzmax test was modified from the protocol 

used in the formulation of the prediction equation by Storer et al. 

(1990). The warm-up consisted of 4 minutes of pedalling with no 

resistance. During this warm-up phase. each subject was instructed to 

maintain 60 revolutions per minute (RPM) throughout the duration of the 

test. A metronome was used to facilitate this process. The metronome 

was set at 120 tones per minute in which two tones coincided with one 

full revolution of pedalling. At the end of the 4 minute warm-up, 

resistance increased 30 watts per 1 minute stage. 

Resting heart rate and blood pressures were recorded prior to the 

beginning of the exercise test. Heart rate and rating of perceived 

exertion were recorded every minute during the test. Blood pressure 

values were recorded every two minutes throughout the exercise test. 

All values were recorded on the test data sheet (see Appendix D). 

Each subject was verbally encouraged to continue to the point of 

complete exhaustion. In order for the test to be considered valid for 

use in this study, two of the four criteria must have been met: (1) 

respiratory exchange ratio (RER) of >1.0; (2) maximum heart rate within 



12 beats of age predicted heart rate (220 - age): (3) rating of 

perceived exertion >18; (4) oxygen consumption leveling off 

(150 ml-min-l) with the increase in workload, The criteria was employed 

to insure a physiological maximum effort was given. 

At the completion of the graded exercise test all resistance was 

removed from the cycle ergometer for the cool-down stage. Heart rate 

and blood pressure were monitored into the cool-down stage and each 

subject was required to maintain pedaling until heart rate and blood 

pressure values were similar to preexercise values 

Statistics 

The EPISTAT (Gustophson, 1985) program was used for all statistical 

analysis in this study. Means, standard deviations, and ranges were 

derived from age and all physical characteristics of the subjects. 

Maximal work (watts), body weight in kilograms (kg), and age (yr) were 

introduced and calculated into the V02max prediction equation developed 

by Storer et al. (1990). The actual and predicted values were grouped 

and means, standard deviations, and ranges were computed. 

The predicted values in absolute (L-rnin") and relative 

(ml-kgl.min-') terms and the values obtained through direct measurement 

were used as the independent variables. A &-test (two tailed) was 

performed to determine if the values were significantly different. A 

Pearson's product moment correlation coefficient was used to determine 

the strength of the relationship between the predicted and the actual 

V02max values in relative and absolute terms. A .05 level of 

significance was used for all tests. 
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If needed, a linear regression equation was developed to enhance the 

predictive ability of the prediction equation. The equation was 

validated by a test of hypothesis for elope significantly different from 

zero. 



CHAPTER IV 

RESULTS 

The intent of this study was to determine if the VOzmax prediction 

equation and protocol developed by Storer et al. (1990) was valid in 

predicting VOzmax for a slightly different population than which it was 

designed for. The sample consisted of 21 nonsedentary women between the 

ages of 18 and 25 years. The protocol was modified from the original 

protocol published by Storer et al. in 1990, in that the increase in 

resistance was 30 per stage instead of 15 watts per stage in the initial 

study . 
This chapter will present the descriptive characteristics of the 

individuals involved, the performance results of the VOzmax test, and 

the correlation coefficients between the actual VOzmax determined 

through direct gas analysis and the predicted VOzmax scores derived from 

the prediction equation developed by Storer et al. (1990). 

D -5 

The mean descriptive characteristics of the 21 subjects that 

participated in this study are presented in Table 2 with the individual 

data presented in Appendix E. The subjects in this study compared 

closely in height. age, and weight with a number of other V02 max 

studies in which women were incorporated (Crowell, 1984; Getchell et al. 

1977; Johnson & Siege1 1981; HcArdle et al. 1972). For example, in the 



step test study by Johnson and Siege1 (1981), the mean age was 20 years, 

height was 165.1 cm, and the weight was 60 kg. The female subjects in 

the McArdle et el. (1972) study had a similar mean age of 21.2 years, 

height of 166 cm, and weight of 60.2 kg. The trained female subjects 

involved in a study at the University of Wisconsin-La Crosse by Crowell 

(1984) also compared closely in height and weight (166.3 cm and 61.3 

kg). 

Table 2. Mean, standard deviation, and range for physical 
characteristics of subjects (N - 21). 

Variables Mean S.D. Range 
-- - 

Age 
(yr) 

Height 
(cm) 

Weight 
(kg) 

performance Results 

This study involved the performance of a single V02 max test on a 

Monark cycle ergometer. The protocol increased 30 watts per stage until 

volitional exhaustion occurred. The Q Plex (Quinton Instrument Co.) gas 

analyzer was utilized to determine the maximal ventilation and gas 

values. The Heart Watch (CIC, Model 8799) heart rate monitors were 

employed to determine maximal heart rate. 

The mean physiological responses of the female subjects during the 

maximal cycle test are presented in Table 3. The individual responses 

can be found in Appendix F. In order for the data to be used from each 



subject ,  a number of general c r i t e r i a  t o  ensure a t rue  maximal e f f o r t  

were implemented. The c r i t e r i a  were as  follows; respiratory exchange 

r a t i o  of greater than 1.00, a leveling off of VOz with an increase of 

workload of no more than 150 mlemin-I, maximal hear t  r a t e  within 12 

beats of the age predicted (220-age) maximum, and a r a t ing  of perceived 

exertion of greater than 18. Two of the four c r i t e r i a  must have been 

f u l f i l l e d  t o  be considered a t rue  maximal e f f o r t  and therefore,  be used 

i n  t h i s  study. 

Table 3. Physiological responses t o  maximal cycle ergometer t e s t .  

Variables Means S.D. Range 

Absolute VOzmax 2.76 .42 2.08-3.66 
(L. min-l) 

Relative VOzmax 42.99 4.72 36.8-52.4 
(ml. kg-'. min-') 

Heart Rate Max 184 7.92 167-197 
(beats per minute) 

Respiratory Exchange 1.20 .067 1.07-1.34 
Ratio 

Ventilat ion Max 98.55 17.46 70.1-129.4 
BTPS (L. min-l) 

A l l  the subjects that  were involved i n  t h i s  study reached a 

respiratory exchange r a t i o  of 1.07 o r  greater.  Each subject  a l so  

reported a r a t ing  of perceived exertion of 19 o r  greater.  signifying 

vo l i t iona l  exhaustion during the l a s t  stage of the t e s t .  Three subjects 

achieved a leveling off of VOz with an increase i n  workload. Eight 

subjects came within 12 beats of t h e i r  age predicted maximal hear t  r a t e  



during the last 15 seconds of the test. All 21 subjects involved in 

this study fulfilled et least two of the four criteria employed by this 

study to insure that a true maximal effort ::ss put forth. 

The actual relative and absolute mean values in the study were 42.99 

ml- kg-1. min'' and 2.76 I.- mid1, respectively. These values were much 

higher than the values reported by Storer et al. (1990). Storer et al. 

(1990) reported mean values of 25.3 ml. kg-'. min-I and 1.61 La min-I in 

their sample. The difference was expected because the sample consisted 

of sedentary individuals that ranged in age between 20 and 70 years. 

The relative VOzmax values in the present study were similar to the 

values reported by Getchell et al. (1977) in which a VOz max of 46.2 

ml.kg-l.min" was attained in a similar sample. Maksud et al. (1976)  

reported V02max value of 41.0 ml-kg-'-mid1 in a sample consisting of 

college-age women. The mean absolute VOz of 2.76 Lemin-I achieved by 

the subjects in this study compared very closely to the 2.75 Lsmin-I 

reported by ACSM (1991) for trained women in response to a maximal cycle 

ergometer test. 

F e , m a x  Values 

The actual VOzmax, measured by direct gas analysis, and the 

predicted VOz max which utilized the prediction equatian developed by 

Storer et al. (1990) were evaluated in absolute  amin in-') and relatlve 

(~~l-kg-~.rnin-') terms. Mean values are reported in Table 4 and 

individual results can be found in Appendix G. A scattergram comparing 

predicted and actual VOzmax in relative terms can be found in Appendix 



30 

A &-test was u t i l i zed  t o  ident i fy  i f  a s ignif icant  difference was 

found between the actual  and predicted V0,max. A Pearson's product 

moment corre la t ion coeff ic ient  was employed t o  determine the strength of 

the relationship between the actual  VOzmax and the predicted VOzmax 

(L. min-' and m l -  kg-'. min-') values. 

Table 4. Mean actual and predicted VOzmax values. 

Variables Actual Predicted Correlation 

Absolute VOz mail 2.76 2.63 
(La mid1) 

S.D. .42 .34 

Relative VOz max 42.99 41.01 
(ml. kg-'. min-') 

S.D. 4.72 3.67 

A s ignif icant  difference was found between the actual  and predicted 

VOzmax f o r  both absolute (L-min-l) and re la t ive  (ml-kg-'.min-') values. 

Relatively high corre la t ion coeff ic ients  of r - .88 and r - .92 were 

revealed when the re l a t ive  and absolute values were compared. The 

resu l t s  obtained through t h i s  study compared favorably t o  the r e su l t s  

reported by Storer e t  a l .  (1990). Storer e t  a l .  (1990) reported a 

corre la t ion of r - .93 with the use of the equation and reported t h a t  

in ternal  and external cross validation yielded r values ranging between 

.92 and .95 fo r  t o t h  male and female equations. Storer e t  a l .  (1930) 

a l s o  reported t h a t  the prediction equation had the a b i l i t y  t o  predict  

V0,max t o  within 10% of the actual  value which was supported, i n  the 

majority of instances, by t h i s  study. 



Similar validity coefficients were reported in validation studies 

performed on the Astrand-Ryhming (1954) cycle ergometer test. 

Tersalinna et el. (1965) reported a correlation of r - .92 between the 
actual and predicted values. Glassford et al. (1965) reported a 

somewhat lower correlation of r - .80 while validating the Astrand- 
Ryhming protocol. 

The correlation found in this study was somewhat higher than 

correlations found by Johnson and Siegel (1981) in which step tests were 

validated. Johnson and Siegel reported correlations of r - .61 and r - 
.57 when validating the Queens College test (McArdle et al., 1972) and 

the Skubic-Hodgkins (1963) step test. 

From the data collected through this study the following linear 

regression equation was developed to help enhance the predicting 

capabilities of the original prediction equation developed by Storer et 

el. (1990). The regression equation can be employed on a similar sample 

when the same protocol is employed. 

y - -169.2978 + 1.114032 . x 
y - estimated actual VOzmax (mlmmin-l) x - predicted VOzmax 

(nl-midl) obtain by the use of the Storer et al. (1990) equation 

A test of the hypothesis regressjc-2 %?quation slope led to a significant 

conclusion, indicating that the regression analysis is making a 

significant contribution to the predicting process. 

Summarv 

The subjects that participated in this research study were 

considered to have similar physical characteristics and aerobic capacity 

compared to like studies using similar samples. While the predicted and 



actucl maximal values were significantly different, the prediction 

equation did provide a relatively good estimate of VOz max. The 

prediction equation in the majority of subjects predicted VOz max within 

10% of the actual values recorded through direct gas analysis. This is 

consistent with the information reported by Storer et al. (1990) which 

pertains to the sedentary, healthy women used in their sample. 

A linear regression equation was developed to aid in the predictive 

capabilities of the equation when a similar sample is employed. The 

regression equation statistically proved to make a significant 

contribution in predicting VOzmax when used in conjunction with the 

equation developed by Storer et al. (1990). 



CHAPTER v 

SUMURY, CONCLUSION, AND KECOMMENDATIONS 

The main purpose of this research study was to evaluate the validity 

of a cycle ergometer graded exercise test developed by Storer et al. 

(1990) in predicting VOzmax. The sample consisted of nonsedentary 

females between the ages of 18 and 25 years. The protocol was modified 

from the original study presented by Storer et al. (1990). The 

secondary purpose was to develop a regression equation to enhance the 

accuracy of th'e initial equation designed for sedentary females by 

Storer et al. (1990). 

Twenty-one nonsedentary females attending the University of 

Wisconsin-La Crosse volunteered to be involved in this study. All the 

subjects performed a maximal graded exercize test on a Honark cycle 

ergometer. VOzmax values were obtained through direct gas analysis 

using the Quinton Q Plex (Quinton Instruments) open circuit spir~metr;~ 

analyzer. Measurements of oxygen consumption in relative (ml* kg-'. min-') 
/ 

and absolute ( L a  min'l) terrilz, respiratory exchange ratio, and minute 

/ 

ventilation were recorded.. Maximal heart rate was obtained by the Heart 

Wa+ch (CIC Model 879'9) md\l;itors during the last 15 seconds of the graded 

QKaKGiSe f e S f  \ 

Statistical analysis of =he data included means, standard 

d~vletions, and ranges of the performance resulcs and physfcal 



34 

characteristics of the sample. A &-test was employed to determine if 

the mean actual VO,max, obtained through direct gas analysis, and mean 

predicted V0,max values, using the equation developed by Storer et al. 

(1990), were significantly different. The significance level was set at 

.05. 

The &-test revealed a significant difference between the actual and 

predicted valires. The data obtained through this research study 

compared closely to the results that Storer et al. (1990) reported in 

the initial study. The prediction equation in most cases predicted VOz 

max to within 10% of the actual values. Pearson's product moment I 
correlation coefficients were computed to measure the strength of the I 
relationship between the actual and predicted VO, in relative and 1 
absolute terms. Relatively high correlations between the actual and 

i 
I 
I 
I 

predicted values were found (r - .88 and r = .92). These values are j 
similar to the correlation of r - .93 that Storer st al. (1990) reported 
between actual and predicted absolute (ml. min-') VOzmax results. 

This research study compared the actual V02max through direct gas 

analysis and predicted VOzmax using a regression equation developed by 

Storer et a1.(1990). Within the limitations of this study and based on 

the statistical analysis of the data, the following conclusion was made: 

the hypothesis, stating that V0,max can be predicted in healthy, non- 

sedentary, college-age women using the prediction equation developed by 

Storer et al. (1990) using a modified protocol on a Monark cycle 

ergometer, was rejected. A regression equation was developed from the 

resalts of this study to help enhance the accuracy of the original 



equation presented by Storer et a1. (1990). 

Although the results from a statistical perspective revealed a 

significant difference, from a practicality stand point the equation did 

provide a good emtimation of VOzmax on the sample studied. The equation 

predicted VOzmax, in most cases, within 10% of the actual VOzmax 

obtained through direct gas analysis. A prediction equation that has 

the ability to predict V0,max within 10% can be a very valuable tool in 

assessing aerobic capacity. Also, a relatively high correlation was 

found between the actual and predicted values in relative and absolute 

terms (r - .92 and r - .88).  Therefore, it can be concluded that the 

VOpax prediction equation developed by Storer et at. (1990) is valid in 

predicting VOzmax in healthy, nonsedentary, college age women. 

g B  

As a result of this research study the fol1w.ing recommendations are 

offered: 

1. A less homogeneous group could be studied. A s ple including 6 
Older or younger nonsedentary women may produce different results. 

Also, it would be interesting to research the equation Storer et 

el. (1990) developed on a nonsedentary sample consisting of men. 

2 .  The modification of the protocol would favor the testing 

procedures for both highly trained individuals and sedentary 

individuals. The protocol could be matched for the individual being 

tested. As with and deviation from the protocol or sample in the 

initial study by Storer et al. (1990). validation would be needed. 

3.  A sample consisting of experienced cyclists is another area that 

could be explored in conjunction with the prediction equation Storer 



et al, (1990) developed. 

4. The effect of physical conditioning on the accuracy of the 

prediction equation vould be of interest. Determining if the 

equation could accurately measure the changes in VOlmax involved 

vith a training study vould also be of interest. 

5 .  The development a new regression equation from the results of this 

study using the same variables employed by Storer et al. (1990) 

in their initial study vould be of interest. 
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APPENDIX A 

BORG SCALE OF RATING OF PERCEIVED EXERTION (RPE) 



- 
ef Perceived Exertion (RPE1 

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 



APPENDIX B 

ACTIVITY QUESTIONNAIRE 



plctivitv Ouestionnaire 

Name 

Date 

Height 

Weight 

A R ~  DOB 

Phone 

Medications 

1. Are you presently engaged in some form of regular exercise or 
activity? 

If yes, what types of exercise or activity are you currently 
involved with? 

2 .  How many days per week do you engage in the activity? 

3 .  Do you engage in the activity for greater than twenty minutes 
continuously each session? 

4. How long have you been involved in these activities? 

5 .  Do you monitor your pulse rate while you are exercising? 

6 .  If yes, what percentage of your maximum heart rate (220-age) do you 
train at? 



APPENDIX C 

INFORMED CONSENT 



CONSENT 

You will perform a maximal graded exercise test on a bicycle 
ergometer. The exercise intensities will begin at a level you can 
easily accomplish and will be advancing every minute, depending on your 
functional capacity. You will be fitted with headgear and a mouthpiece 
which will collect your expired air. You will also be fitted with a 
heart rate monitor. We may stop the test at any time because of 
abnormal s i p s  and symptoms or you may stop when you wish because of 
personal feelings of discomfort. We do not wish you to exercise at a 
level which is abnormally uncomfortable for you; however, for maximum 
benefit exercise as long as possible. 

There exists the possibility of certain changes during the exercise 
test. They include abnormal blood pressure, fainting, disorders of 
heart beat, and in rare instances, heart attack. Every effort will be 
made to minimize these through the monitoring of heart rate and blood I 
pressure throughout the test. I 

The results obtained from the exercise test may assist in determining 
your fitness level as compared to the norms and in evaluating what types 
of physical activities you might engage in with no or low hazards. 

The test will be conducted by Michael McNamara and Dan Thill. These 
individuals are graduate students in the Adult Fitness-Cardiac 
Rehabilitation graduate program at UW-Lacrosse. 

I , consider myself to be in good health 
(print name) 

and to my knowledge I am not infected with a contagious disease or have 
any limiting physical condition or disability, especially with respect 
to my heart, that would preclude my participation in the test described. 

I have read and I understand the above document and understand the 
procedure. Any questions which may have occurred to me have been 
answered to my satisfaction. I have been fully advised of the nature, 
the possible risks and the complications involved. All risks and 
complications I hereby assume voluntarily. 

I hereby acknowledge that no representations, warranties, guarantees 
or assurances of any kind pertaining to this test have been made to me 
by the University of Wisconsin-Lacrosse, the officers, administration, 
employees or by anyone on behalf of any of them. 

I understand that I may withdraw from the test at any time. 

Date 
(subject) 

(witness) 
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TEST DATA SHEET 



Test Data Sheet 

Name Date 

Subject I D  Rest HR- Rest BP 

Height Weight Age 

l a x  Data 

RER- Heart rate- 0, Plateau- RPE 

Accepted 

Min Kg(watt) HR BP RPE 

0-4 0 -- - 
0-1 .50(30) - - - 
1-2 1.0(60) - - - 
2-3 1.5(90) - - - 
3-4 2.0(120) - 
4-5 2.5(150) - 
5-6 3.0(180) - 
6-7 3.5(210) - 
7-8 4.0(240) - 
8-9 4.5(270) I - 
9-10 5.0(300) - 
Actual VOz (Q Plex) Predicted 

Y- 9.39(W) + 7.7(Kg) - 5.88(age) + 136.7 



APPENDIX E 

PHYSICAL CHARACTERISTICS OF SUBJECTS 



Phvsical Characteristics of Subjects 

Mean 20.6 167.6 64.6 
S.D. 2.36 7.14 2.36 

Subject Age(yrs. Height(cm.) Weight(kg.) 

1 2 2 170.2 61.4 
2 18 165.1 59.1 
3 22 182.9 71.0 
4 19 167.6 66.0 
5 22 162.6 57.0 
6 18 165.1 62.0 
7 18 170.2 59.0 
8 2 5 162.6 61.1 
9 22 177.8 74.0 
10 18 160.0 60.2 
11 20 172.7 98.2 
12 18 170.2 75.9 
13 18 172.7 67.3 
14 2 5 152.4 59.0 
15 2 3 165.1 50.0 
16 2 3 170.2 65.0 
17 2 1 175.3 70.1 
18 20 160.0 63.3 
19 2 1 167.7 67.7 
20 18 157.5 52.9 
21 22 172.7 56.1 

I 

i 



APPENDIX F 

PHYSIOLDGICAL RESPONSES TO THE MAXIMAL CYCLE TEST 



52 

Phvsioloeical Resuonses to the Maximal Cvcle Test 

Subject vo2 RER Max HR v. 
(1. min-l) (bpm) (l/min) 

Mean 
S.D. 



APPENDIX C 

COMPARISON OF ACTUAL AND PREDICTED V02MAX VALUES 



Gom~arison of Actual and Predicted V0,max Values (ml. ke-'.min-'r 

Subject Actual Predicted Residuals 

1 46 44.5 1.5 
2 41.7 41.6 .1 
3 47.2 43.3 3.9 
4 37.6 37.9 - .3 
5 48.9 47.4 1.5 
6 40.7 40 .7 
7 42.1 41.6 .5 
8 52.4 49 3.4 
9 42.1 38.3 3.8 
10 36.8 36.3 . 5  
11 37.2 36.4 .8 
12 35.2 37.8 -2.6 
13 43.2 37.5 5.7 
14 42.9 40.9 2.0 
15 41.7 41.5 .3 
16 40.4 38.1 2.3 
17 50.7 44.1 6.6 
18 38.9 39.2 -.3 
19 42.3 37.2 5.1 
20 47.9 45.6 2.3 
21 46.9 43.0 3.9 

Mean 
S.D. 
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SCATTERGRAM OF PREDICTED VERSUS ACTUAL V02MAX VALUES 



Scattergram of Predicted Versus Actual VOpmax Values 


