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ABSTRACT 

Fry, S.L. Cross validation ofRockpo1i JI. MS in Clinical Exercise Physiology, December 
2015, 43pp. (C. Foster) 

Introduction: The purpose of this study is to cross validate two new equations for the 
Rockpo1t 1-mile walking test to n1ore accurately predicted V02max and V02 at the 
Ventilatory Threshold (VT). Methods: Eighty-nine subjects perfor1ned a tread1nill-based 
V02max test and a brisk l-1nile walk test. Equations were formulated from 71 of the 
subjects. The data from the remaining 18 subjects was used to cross-validate the new 
equations. Results: The two equations were: Predicted V02n1ax = 31.142 - ((1.13 -
(Walk time))-(.305(final RPE); R'= 0.4859; SEE= 6.76 ml kg·' min" and Predicted VO, 
at VT= [28.169-(1.117 X Walk Time)-(0.295 X Final RPE)] X 3.5; R' = 0.51; SEE= 
6.3 ml kg·1 min·1

• Cross-validation showed that the R2 values are not significantly different 
from the validation group. Discussion: A reasonably accurate predictor ofV02max and 
V02 at VT can be fo11nulated using only the variables of l-1nile walking ti1ne and RPE 
from the Rockport l-n1i\e walk test. 

111 



ACKNOWLEDGMENTS 

First and foren1ost, I would like to thank Chris Dodge in the I-ltunan Performance 

Lab. He put up with all of our scheduling issues with nothing but kindness and a touch of 

sarcasm. There is no way we would have been able to complete this thesis without him. 

He's one of the most knowledgeable people I have ever met. 

I would also like to extend a big thank you to my partners on this journey, 

Samantha Sonnek and Alex Beauchene. I couldn't have picked two better group members 

and I'1n very grateful that we were able to conduct this study together with lots of fun and 

laughter. 

My thesis chair, Carl Foster, proved to be a great resource and I'm very thankful 

10 have had the opportunity to work with hin1. Also on my thesis con1mittee were John 

Porcari and Scott Doberstein, both of which were very helpful and a great source of 

guidance. 

A huge thank you is owed to all of the subjects that participated in the study. It 

isn't easy to find around ninety people willing to con1plete a maximal exercise test, but 

everyone we tested was very accomn1odating for which I am extremely thankful. 

Lastly, 1 would like to thank my parents, Jim and Donna Fry. They have 

supported me I 00% throughout my acade1nic career and I have no idea where I would be 

without them. I appreciate their support more than I could ever put into \.vords. 

IV 



TABLE OF CONTENTS 

PAGE 

ABSTRACT ......................................................................................... u1 

ACKNOWLEDGEMENTS ......................................................................... iv 

LIST OF FIGURES ................................................................................. v1 

INTRODUCTION .................................................................................... I 

METHODS ............................................................................................ 4 

Subjects ....................................................................................... 4 

Table 1. Subject Den1ographics ........................................ ............. 5 

Procedures ................................................................... ................. 5 

RESULTS ............................................................................................. 7 

DISCUSSION ....................................................................................... 13 

REFERENCES ...................................................................................... 16 

APPENDICES ....................................................................................... 18 

Appendix A: Informed Consent .......................................................... 18 

Appendix B: Review ofLiterature ....................................................... 22 



LIST OF FIGURES 

FIGURE PAGE 

I. Average max METs and METs at VT vs. predicted ....................................... 8 

2. Measured max METs vs. Predicted max METs .............................................. 9 

3. Residual errors of predicted max METs ..................................................... 10 

4. Measured METs at VT vs. Predicted METs at VT ........................................ 11 

5. Residual errors of predicted METs at VT ................................................. 12 

2 



INTRODUCTION 

The 1naximal oxygen uptake (V02n1ax) has been referred to as the gold standard 

for measuring fitness and aerobic capacity and is historically the primary basis for 

exercise prescription (Pescate!lo, 2014). The problen1 with directly 1neasuring V02max is 

that it is costly, presents at least the potential for risk, and is highly dependent on 

equipment and qualified personnel. This creates a need for simple sub1naximal tests that 

are able to accurately predict vo1m>X· 

Another valuable n1arker of fitness and sustainable exercise capacity is ventilatory 

threshold (VT). Mezzani et al. (2012) have suggested that Vl" is a better criterion for the 

evaluation of aerobic function and, consequently, for aerobic exercise intensity 

assessment and prescription. VT is effective in stratifying exercise intensity between 

light, n1oderate, high, and severe intensities and has been shown to relate to the ability to 

speak co111fortably (Foster et al. 2008). 

There are a variety of submaxiinal tests that are used as predictors of V0 2max. 

Grant et al. (I 995) compared four different submaximal tests in order to find out what 

type oftest was most accurate. The different tests were the Cooper walk-run test, a 

1nultistage shuttle run test, and a submaximal cycle test. V02max was n1easured directly 

on a treadmill in order to provide the reference standard for the submaxi1nal tests. It was 

found that the best predictor was t11e Cooper walk-run test with a correlation coefficient 

of r=0.92. The other tests systematically underestimated V02n,""· This study shows that 
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VO,,".~ can be accurately predicted without measuring heart rate (HR) or respiratory gas 

exchange. 

Condello et al. (2014) demonstrated that VT can be predicted as a percentage of 

maximal running speed. It was found that steady state treadn1ill running at 64% and 86% 

of n1axin1um velocity predicted speeds at VT and RCT. lt has also been studied that VT 

is similarly useful in measuring gross efficiency (GE) while exercising at high intensities. 

This is because aerobic power production is measured using a V02 below v·r in 

submaximal exercise, assuming that submaximal GE is representative of GE and aerobic

power production during high-intensity exercise (de Koning et al., 2013). Foster et al. 

(2008) observed a strong correlation between the ability to speak cornfortably during 

exercise and VT. Porcari et al. (2015) has recently shown that the 6 minute walk test 

(6MWT) ti1ne and terminal Rating of Perceived Exertion (RPE) can also predict VT. 

The larger aim of this study was to design a more accurate equation for predicting 

V021nax and VTfro1n the Rockport 1-mile walk test. l"he original Rockport is valid for 

most individuals, but since it is based prin1arily on the relationship between HR and 

workload (Astrand & Ryhming, 1954), this leaves roo1n for error. Estimating V02m.x from 

I-IR is based on assumptions such as: uniformity of HR"'~' for a given age, no medications 

that alter I-IR, and that a steady state is obtained for each exercise \York rate (Sartor et al., 

2013). 

In order to account for variability in these assumptions, the RPE was incorporated 

into a new regression equation. This infor1nation was used to see if both the Metabolic 

Equivalent of1'ask (MET) level and V02max at VT could be predicted. The specific 
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purpose of this study was to cross-validate these new equations for predicting V02max 

and VT. 
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METHODS 

Subjects 

The larger study included 89 n1a\e and female subjects that represented a wide 

range of age and physical fitness. A cross validation group of 18 subjects was randomly 

selected from the total group and used for this portion of the study. A physical activity 

questionnaire was administered on the informed consent for1n to see if the participants 

were active or sedentary including ho\v 111any hours per v.:eek were spent exercising. All 

subjects provided written informed consent. "fhe protocol had been approved by the 

International Review Board for the Protection of Human Subjects at the University of 

Wisconsin - La Crosse. Table 1 shows the subject demographics fron1 the cross 

validation group. 
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1'able 1. Subject Demographics - Cross-validation Group 

Age (years) 

Height (cm) 

Weight (kg) 

V02max (ml/kghnin) 

HRMax(bpm) 

V02 at Vl' (ml/kg/min) 

Walk Ti1ne (1nin) 

Final RPE 

Walk HR (bpm) 

34.7 ± 14.88 

183.3 ± 9.73 

90.9 ± 11.54 

42.4 ± 6.28 

171±13.4 

29.9±8.13 

14.1 ± 1.31 

12.2 ± 0.83 

119 ± 17.46 

32.0 ± 11.44 

168.4 ± 82.07 

71.6 ± 8.56 

41.8 ± 8.06 

181±11.4 

33.2 ± 8.85 

13.2 ± 1.61 

12.9 ± 1.47 

139±21.5 

Males (n=l l) 

5 

Females (n=7) 



The most in1portant exclusion criterion was if the subject were classified as high 

risk based on ACSM guidelines (Pescatello. 2014). High risk was defined as having more 

than two risk factors and/or being syn1pton1atic in any way. Only those that were of low 

or moderate risk were included because high-risk subjects \vould need to have a 

physician present for both the 1naximal and submaxin1a! tests. Subjects were also 

excluded if they had any orthopedic issues that would have prevented them from being 

able to con1plete a J-1nile walk test or the V02m" test. 

Procedures 

Each subject perforn1ed two exercise tests. The first test was a 1-mile walk test 

perfor1ned on an indoor 200m track (8 taps= 1 mile). The subjects were told to walk as 

"briskly" as possible and were instructed regarding how to use the RPE chart. RPE was 

recorded every 2001n. Palpation was used to 1neasure I-IR when the I-mile walk test was 

completed to obtain the terminal HR. 

The second test was a V021nax test done on a n1otor driven treadn1ill using a 

modified Balke protocol (Balke & Ware, 1959). The walking speed was self-selected 

during the first stage of the treadmill test. Increments in workload were achieved by 

increasing the treadmill grade 2.5% every 2 1ninutes RPE and HR were n1easured every 2 

minutes and respiratory gas exchange was monitored continuously using open circuit 

spirometry (AEI Metabolic Cart, Pittsburgh, PA). After all the data were collected, 

equations for predicting V02max and VT that used the variables RPE and total walk time 

were formulated based on the results fro1n the 71 subjects in the validation group. These 

equations were then used on the remaining 18 subjects from the cross-validation group in 
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order to determine if the predictive ability was similar when predicting max METs and 

METs at VT. 

RESULTS 

The primary equations for predicting V02n1ax and VT from l-1nile walking tin1e 

and terminal RPE in the validation group were: 

PredictedmaxMETs=3!.142-(l.l3 x Walktime)-(.305 x final RPE) 

r ~ 0.697 

The SEE~ 1.93 METs 

Predicted METs at VT~ 28.169-(1.117 x Walk Time) -(0.295 x Final RPE) 

r ~ 0.716 

The SEE~ 1.8 METs 
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Figure 1 shows the average n1easured n1ax METs and METs at VT in the cross 

validation group co1npared against the average values predicted fro1n the new equation. 

There was no significant difference between predicted and measured max METs (p = 

0.546). This figure also shows the measured ME'fs at VT co1npared to the predicted 

value at VT. There was no significant difference between measured and predicted values 

(p ~ 0.692). 
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Figure I. Actual vs.Predicted Average V02max and V02 at VT 

Figure 2 shows V021nax, expressed as METs, compared to the actual measured 

values. This shows how well the new equation was able to predict max METs in the 

cross-validation group. The closest fit is among those of n1oderate fitness, with the 

equation having less predictive quality in those of very high and very low V02max 

values. Thus, even though there was no significant difference bet\veen predicted and 
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measured max MET value (Figure 1 ), there was an overall weak to moderate relationship 

between predicted and measured based on r value. 
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Figure 3 sho\.vs the residual error at predicted n1aximal METs 111inus observed 

max ME'fs which displays how different the predicted values are from the measured 

20 

values. Subjects with a 1naximal exercise capacity in the range of 10-12 METs had small 

residual errors. Subjects with lower or higher exercise capacities had larger residual 

errors. The average standardized residual error was 4.659 METs. 
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Figure 4 demonstrates the measured METs at VT compared to predicted METs at 

VT for the cross validation group. The closest fit was with those of moderate fitness, and 

had less predictive value an1ong those y,rho took longer or did not reach V1'. Thus, even 

though there was no significant difference between predicted and 1neasured mean values 

11 



for METs at VT, the overall correlation between predicted and measured values was 

weak. 
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Figure 4. Measured vs. Predicted METs at VT 

Figure 5 shows the residual error of predicted METs n1inus observed METs at VT 

for the cross validation group. Subjects that reached VT around 7-11 METs had relatively 

sn1all residual errors. Those who reached VT at low MET levels (5-7) and subjects that 
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reached VT at higher MET levels ( 11~13) had large residual errors. The average 

standardized residual error was 0.203 ME'fs. 
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Figure 5. Residual Error in Actual vs. Predicted METs at VT 

DISCUSSION 
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The main goal of the larger study was to design a more accurate equation for 

predicting 1nax METs and ME1's at V"ffro1n the Rockport I-mile walk test by 

incorporating RPE as a predicting variable. Submaximal tests are important because 

maximal tests that directly n1easure V02n1ax and VT are often much more co1nplicated 

and costly whereas sub1naxin1al tests provide a sitnpler and n1ore cost-efficient prediction 

ofV02max. The original Rockport 1-mile walk test is widely considered to be one of the 

best submaxi1nal predictor tests. 

The original Rockport equation is highly dependent on the HR response at the end 

of the l-n1ile walk. This is a variable that is difficult to depend on for several different 

populations such as those on n1edications (beta-blockers or calciun1-channel blockers) 

that blunt I-IR response. "fhis creates a need for a submaximal equation that does not 

depend on HR and uses another variable, such as RPE, which is nlore subjective. 

The generalized equations were developed on 89 subjects and cross-validated on 

18 subjects with sin1ilar characteristics. The validity coefficients for predicted nlax METs 

and METs at VT in the cross-validation group (r = 0.583 and r = 0.550 respectively) 

show no significant differences fron1 the main group of subjects from which the 

equations were developed, although the r values suggest relatively weak relationships. 

The results of this study demonstrate that the Rockport I-mile walk test can be 

silnplified by two variables, walk ti1ne and ter1ninal RPE, and still be a relatively accurate 

predictor of1nax METs and METs at VT. As shown in Figures 2 and 4, the predictive 

value of the newly developed equation is highest at MET values that represent moderate 

fitness. Jt appears that this test may not be appropriate for the extremely fit and athletic 

populations whose V02max values are above 50 ml/kghnin. It also may not be effective 
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in populations who are extremely deconditioned as the predictive value of the equation 

was low in V02max values under 30 ml/kg/n1in. When the generalized equation for 

predicting max METs was applied to the cross-validation group, the standard error of 

estimate (SEE) for predicting V02max was 1. 73, which is comparable to the 1nain group 

with a SEE of 1.93. The equation for predicting METs at VT had an SEE of 1.8, which is 

also sotnewhat comparable to the SEE fron1 the cross validation group of 2.17. 

The original Rockport equatio11 had a higher predictive value co1npared to the 

new developed equation, although the SEE values are fairly sin1ilar. The better fit fro1n 

the original equation could be attributable to a greater variability of subjects, despite the 

design of the study, as the new equation was developed fron1 a disproportionate nun1ber 

of younger and n1ore athletic subjects. Another potential reason for the increased 

accuracy in the original Rockport 1-mile walk test was that the original subjects 

con1pleted the l-n1ile walk test n1ore than once which allowed the subjects to beco1ne 

fa1niliarized vvith the test and find an appropriate speed for their bodies' nlechanics 

(Kline et al., 1989). 

Some potential causes of the lower r values and the higher SEE values would be a 

lack of familiarity with the use of RPE. We found that most younger, fitter subjects did 

not feel comfortable giving a higher RPE, even when they appeared breathless. Perhaps 

more extensive pre-test education on the use of the scale would provide more accurate 

results. 

In summary. there is a great need for submaximal exercise tests that are 

independent of HR when predicting V021nax. This study demonstrates that the original 

15 



Rockport l-n1ile walk equation could use RPE as a reasonable surrogate for populations 

of moderate fitness to predict V021nax and V02 at VT. 
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APPENDIX A 

INFORMED CONSENT AND RISK STRATIFICATION 



Informed Consent 
Purpose and Procedure 
The purpose of this study is to detern1ine whether incorporating RPE and Talk Test data 
into the original Rockport one-mile walk test equation will provide a more accurate 
prediction ofV02"'"'. A maxin1al treadmill test will be done using the Balke protocol in 
order to measure V02,"'"" A Rockport one-mile walking test will also be performed. 
My participation will involve two separate tests including a maximal treadmill in the 
Exercise Physiology Lab in Mitchell Hall where I will walk on an increasing incline until 
exhaustion while heart rate, oxygen consumption and rating of perceived exertion will be 
1neasured. Heart rate will be monitored continuously through the use of a chest strap. 
Oxygen consu1nption will be measured through a 1nouth piece that will monitor inspired 
and expired air throughout the \vhole test. The second test will be performed on the 
indoor track at Mitchell Hall. For this test, I will walk one mile as quickly as possible. 
Heart rate, rating of perceived exertion and the Talk Test will all be measured. The Talk 
Test will be measured through recitation of the "Pledge of Allegiance". Heart rate will be 
monitored continuously with a chest strap and palpated at the end of the test. 
Potential Risks 
I have been informed that there are no risks associated with this study other than fatigue, 
leg tiredness, and shortness of breath, all of which are similar to intense training. The risk 
of serious con1plication is very low in the apparently healthy population. If an emergency 
should occur, CPR trained individuals will be in the lab at all tin1es. Additionally, the 
laboratory has a standard emergency plan and an Automated External Defibrillator 
readily available. 
Rights and Confidentiality 
My pa11icipation in this study is entirely voluntary and I can \Vithdraw fro1n the study at 
any time, for any reason, without penalty. 
In the event that the results of this study are published in the scientific literature, my 
nan1e and personal information will not be identified. 
My results will remain confidential. Only the investigator and appropriate laboratory 
personnel will have access to my data. 
Possible Benefits 
The general public may benefit fron1 a more accurate equation to predict V02m"" fron1 the 
Rockport walking test. This n1ay allow for fewer costly 1naximal tests and more 
submaximal tests. 

Questions 

I have read the information provided on this consent form. I have been inforined of the 
purpose of this test, the procedures, and expectations of myself as well as the testers, and 
of the potential risks and benefits that may be associated \Vith volunteering in this study. 
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I have asked any and all questions that concerned n1e and received clear answers so as to 
fully understand all aspects of this study. 

If I have any further questions I will not hesitate to ask the people that I a1n doing the 
study for. 

Subject Name (printed) 
Date 

Witness Natne (printed) 
Date 

Subject Signature 

Witness Signature 

Activity Questionnaire: 

1.) Within the last 3 months, how many hours per week do you exercise? 

2.) What types of exercise do you participate in? 

AHA/ACSM Health/Fitness Facility Pre-participation Screening Questionnaire 
Assess your health needs by n1arking all true statements. 

Histo1y 
You have had: 

a heart attack 
_heart surgery 

cardiac catheterization 
_coronary angioplasty (PTCA) 
_pacemaker/implantable cardiac defibrillator/rhythm disturbance 
_heart valve disease 

heart failure 
_heart transplantation 
_congenital heart disease 
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{f you marked any of the staternents in this section, consult _vour healthcare provider 
before engaging in exercise. You may need to use a facility ivith a medically qualified 
staff. 

Symptoms Other I-Iealth Issues: 
_You experience chest discomfort with exertion 
_You have n1usculoskeletal problems 
_You experience unreasonable breathlessness 
_You have concerns about the safety of exercise 
_You experience dizziness, fainting, blackouts 
_You take prescription medications 

You take heart 111edications 
_You are pregnant 

Cardiovascular Risk Factors: 
_You are a nlan older than 45 years 
_You are a woman older than 55 years or you have had a hystere<:tomy or you are 
postmenopausal 

You smoke 
_Your blood pressure is greater than 140/90 
_You don't know your blood pressure 

You take blood pressure nledication 
_Your blood cholesterol level is >240mg/dL 

ff you marked two or 1nore of the statements in this section, you should consult your 
healthcare provider before engaging in exercise. You 1night benefit by using a.facility 
with the professionally qualified exercise !ltaffto guide }'our exercise program. 

_You don't know your cholesterol level. 
You have a close blood relative who had a heart attack before age 55 (father or 

brother) or age 65 (mother or sister). 
_You are diabetic or take medicine to control your blood sugar. 
_You are physically inactive (i.e., you get less than 30 minutes of physical activity on 
at least 3 days per week). 
_You are more than 20 pounds overweight. 
_None of the above is true. 

You should be able to exercise safe(v w;thoul consuft;ng your healthcare provider in 
abnosl any facility that meets your exercise progra1n needs. 
AI-IA/ ACSM indicates A1nerican I-Ieart Association/American College of Sports 
Medicine. 
Health appraisal questionnaires should preferably be interpreted by qualified staff (see 
next section for criteria) who can li1nit the number of unnecessary referrals for 
preparticipation medical evaluation, avoiding undue expense and barriers to participation. 
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APPENDIX B 

REVIEW OF LITERATURE 



REVIEW OF LITERATURE 

It has been shown time and time again that aerobic capacity is an accurate 

measure of overall health and fitness. The Ainerican College of Sports Medicine (ACSM) 

refers to a maxi1nal oxygen uptake {V02m") test as the criterion measure, or gold standard, 

in looking at one's cardiorespiratory fitness (CRF) (Pescatello, 2014). V02max has been 

defined as the point in which oxygen intake per unit ofti1ne has attained its 1naxiJnun1 

and ren1ains constant owing to the limitation of the circulatory and respiratof)' systems 

(Mitchell, Sproule, & Chapman, 1958). This 1neans a person will n1aintain a plateaued 

oxygen intake when the workload continues to increase when the body has reached its 

physiologic limits. Maximal aerobic capacity is a value that can be used in a prognostic, 

diagnostic, or prescriptive n1anner. 

Maximal Testing 

In a study done by Mitchell et al. ( l 958), the physiological 1neaning of V02 was 

examined and it found that cardiac oulput and arterial/venous blood oxygen difference 

were both the tnain determinants of the body's response to exercise and increased 0 2 

de1nand. Through the maximal testing of 65 apparently l1ealthy 1nen on a motorized 

tread1nill, it was found that at V02max, cardiac output was increased by 4.3 titnes and 

through widening of the AV O, difference by 2.2 times, V02 exceeded 3 liters on 

average. In other words, VO,. is dependent on both the heart's ability to pu1np blood 
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through the body and the ability of the tissues and vasculature to extract oxygen from the 

blood. Tl1is shows that performing V02 m"" tests therefore provides clinically useful 

information about the functioning of a person's cardiovascular system. 

The ACSM goes into depth about the variables and procedures involved with 

maximal testing. When perforn1ing a V02,,,"" test, open circuit spiron1etry is used to 

measure puln1onary ventilation. This information de111onstrates the cardiorespiratory 

systen1's ability to keep up with the \Vork being demanded ofit. (Pescatello. 2014). These 

tests are costly and require a lot of equipn1ent, space, and personnel to con1plete. This has 

led to the developn1ent of1nany different types ofsubn1axin1al tests that are used to 

predict a person's V02"'" value without having to perforn1 a full-out maximal test. These 

tests are often based on HR response to exercise, as this is a linear relationship in those 

populations v..·hose HR are not affected through medications, stress, illness, or other 

various factors. The ASCM (Pescatello, 2014) also states that the decision to use a 

maxin1al or submaximal test depends largely on the reason for the test, risk level of the 

patient, and availability of appropriate cquipn1ent/personnel. These are all reasons that 

1nake submaximal tests more appealing as they require less equipment, personnel, effort 

from the participant, and are 1nuch less costly. 

Submaxin1al Tests 

Grant et al. (1995) conducted a study that sought out to compare different 

submaximal methods of predicting V02rnax. "fhe different tests that were exa1nined V·.'ere 

the Cooper walk run test, a multistage shuttle run test, and a sub1naxin1al cycle test. 

V02max was measured directly on a treadmill in order to test the accuracy of the 

predictive, submaximal tests. T\venty-t\VO active, healthy, college-aged males performed 
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one trial of each test along with the V02max test. The Cooper test's primary focus was 

looking at how far the participants could run (or walk) in 12 n1inutes on an indoor track. 

The cycle ergo1neter test followed a n1odified YMCA protocol and collected data on the 

subjects' HR and ventilatory gas exchange at the ends of various stages in the test. The 

shuttle run test had the subjects running back and forth between two lines 20 meters apart 

with an increasing frequency of sound signals. The V0 2,0,. was predicted fro1n the number 

of shuttles completed before failure to reach the line on three consecutive occasions. It 

was found that the best predictor was the Cooper walk/run test \Vith a correlation 

coefficient of 0.92, as the other tests underestimated V02m.,. This study shows that V02m"" 

can be accurately predicted without measuring !--IR or ventilatory gas exchange. 

Non-Exercise Predictors 

This brings forth the question, what is necessary to n1easure CRF? In a study done 

by Mailey et al. (2010), research was done in order to detcm1ine if aerobic capacity could 

be predicted through non-exercise measures. One hundred and seventy-two subjects ages 

60-80 that were of low to moderate risk according to ACSM guidelines completed a 

maximal graded exercise test (GX'f) and a submaxin1al one-mile walk test. Data was 

collected on each subject on his or her age, sex, BMI, resting HR, and physical activity 

based on self-report. This particular sn1dy was testing whether the original non-exercise 

equation developed by Jurca et al. (2005) was valid in an older population. Hierarchal 

regression analysis V11as used to determine \vhich of the variables of subject data was most 

relevant in predicting Y02m~,. The strongest contributors to variance in metabolic 

equivalent (MET) level reached were the subjects' sex, age, and BMI with resting HR 

having almost no contribution. It was found that not only were the results similarly valid 
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to the original equation, but there was aln1ost an identical correlation (r=0.66) between 

the non-exercise equation to GXT vs. submaxi1nal test to GXT. 

This study was then cross-validated by Sloan et al. (2013) in a study that sought to 

dete1mine whether the non-exercise fitness assessment (NEF A) was valid in an Asian 

population, which is physiological!y different from a Caucasian population. Singaporean 

adults (n=IOO) were recruited; only those adults with low or 1noderate risk were allowed 

to participate. These subjects also completed a VOim" test using the Bruce protocol 

(Bruce et al., 1980). It was found that the original prediction equation was able to 

accurately estin1ate CRF in a Singaporean population. The researchers also created an 

additional equation that does not include resting HR as a variable and it was found that 

this equation was also valid. NEFAs are useful for populations that are unable to exercise 

due to physical, ti1ne, and/or financial lin1itations. 

Field Testing 

When exercise is used to predict VO,"'""' it is not always possible to use a treadn1ill 

or other ergon1eter, making field tests a better option. The ACSM (Pescatello, 2014) 

defines a field test as a test consisting of walking or running a predetermined time or 

distance. These types of tests allow for a more specified design and oftentimes provide a 

1nore relevant exercise prescription over other V02 predictors because there are fewer 

methodological limitations They also allow for less equipment and can be conducted on 

many people at one ti1ne. Possible disadvantages involved with field tests include 

variations in individuals pacing strategies, motivations, and the appropriateness for those 

with 1nusculoskeletal/cardiovascular complications. 
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In a study done by Flouris et al. (20 I 0), the validity and reliability of a new l 5n1 

square shuttle run test (SST) was compared against the traditional 20m square shuttle run 

test (MST) in predicting V02m"'· The l 51n test was developed in order to make it easier to 

ad1ninister in limited space settings. Forty.five healthy males without history of smoking 

or musculoskeletal injuries were recruited to complete the t\'\10 separate tests along with a 

treadmill max test. Workload during the shuttle tests was controlled using an audio CD 

that gave prompts at appropriate intervals to maintain a specified velocity. Tests were 

ter1ninated once the subjects were unable to co1nplete two consecutive rounds following 

the prompts of the CD. Ventilatory gas exchange was nlonitored throughout the shuttle 

tests using a portable metabolic cart and HR was monitored continuously through use ofa 

chest strap. The researchers found that SST \vas in fact an accurate predictor of V02""', 

and that there was little to no difference between the predictive value of the SST and 

MST. This shows that field tests, such as shuttle run tests, can be successfully utilized 

instead of cost-intensive, laboratory treadn1ill-based 1nax tests. 

Occupational Applications 

The clinical world is not the only place v.1here measuring aerobic capacity 

becomes necessary. There are many occupations that depend on an individual's ability to 

maintain a certain level of physical fitness in order to remain productive, efficient, and 

most importantly, safe. This creates a need for a way to 1neasure employee fitness and 

readiness to work. 

In a study done by Klaren, l-Iorn, Fernhall, Motl (2014), the accuracy of the 

V02p.,~ equation that is currently used to predict firefighters fitness was tested. The Fire 

Service Joint Labor Management Wellness-Fitness Initiative (WFI) \'\'as established to 
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confirm that firefighters were fit enough to perform their jobs safely. This was defined as 

having a minimal estimated V01pe,l of 42ml/kg/min. The current protocol to test fitness 

was a treadmill-based submaximal test using the Gerkin protocol (Gerkin, Kelley, Perry, 

1997) which involves increasing speed and grade in stages until the participant reaches 

85% of estimated I-IR based on the Tanaka formula (Tanaka, Monahan & Seals, 2001). 

This study had 22 firefighters complete the traditional WFI submaximal test and then had 

them follow the exact same protocol until he or she reached complete exhaustion. It was 

found that although the difference between predicted and measured V02P""' was small. the 

SD was± 9ml/kg/min. This n1eans that there is a high variability in accuracy where 

V02poak was frequently overestimated in older firefighters and underestimated in younger 

firefighters. This is particularly dangerous because that translates into the fact that the 

population who is at the highest risk of sudden cardiac events is being incorrectly 

evaluated as being fit enough to con1plete a very physically demanding job. The study 

concluded by stating that the prediction equation needs reevaluation to improve duty 

assignn1ents, einploy1nent status, and overall safety of the fire tighter. 

Another occupational area that requires a standard level of physical fitness is the 

military. A study was done in 2013 that sought to validate a one-mile walk equation in 

estimating the aerobic capacity of British military personnel under the age of 40 (Lunt, 

Roiz de Sa, Roiz de Sa, & Allsopp, 2013). According to the study, lower intensity walk

based tests are usually reserved only for those above the age of 40 and those in a medical 

category where high-impact/maximal testing is contraindicated because in healthy, fit 

populations, V02~"" is often overestimated using these tests. For this study, 200 1nilitary 

personnel co1npleted a treadmill-based V02max test and two separate one-mile walk 
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tests. It was found that when using the traditional Rockport equation (Kline et al., 1987), 

V02pook values were consistently overestimated. This again is pa1ticularly dangerous 

because this could mean sending people out to do a task that he or she is not aerobically 

fit enough to co1nplete safe!)'· The researchers developed 3 additional equations and 

found that the equation that was cross-validated against a separate group to be most 

accurate. This equation incorporated gender, speed, terminal HR, body 1nass, and age. 

The difference between measured and predicted VOipo.k using this equation was -0.So/o. 

This shows the in1po11ance of selecting a submaximal test that is appropriate for the age 

group and 'fitness level of those being tested. It also demonstrates that equations can be 

manipulated to account for a wide range of inter-subject variability. 

Cardiac Rehabilitation Applications 

One of the 1nost clinically relevant forn1 of exercise testing is when it is used in 

relation to a cardiac rehabilitation population. In a study by Mezzani et al. (2012), the 

ability to prescribe exercise and assess aerobic exercise intensity for this group was 

tested. It has been said that there is a great need for direct evaluation of functional 

capacity prior to patients entering an outpatient cardiac rehabilitation program. This 

would provide information on risk stratification, amount of supervision required, and 

appropriate exercise prescriptions. There are many nlethods of estiinating aerobic 

capacity for this populatio11, nlost centering on the relationship between VOi, HR, HR 

reserve, and rating of perceived exertion (RPE). 

Despite the plethora of valuable information that a GXT provides, there has been 

a trend for patients to not have one done prior to entering a phase II or III progra1n of 

cardiac rehabilitation. Reasons for this include: shorter hospital stays, more aggressive 
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interventions, increased sophistication of diagnostic tools, extreme deconditioning, 

orthopedic limitations, etc. This is unfortunate because when prescribing exercise without 

a GXT, the beneficial effects of training are potentially reduced and this could therefore 

in1pede the progress of these patients. It is in1portant that this population takes part in 

so1ne sort of exercise test, preferably a n1axi1nal aerobic capacity test as that is the gold 

standard on which to base exercise intensity. This would also provide a safer and 1nore 

personalized exercise prescription for each individltal. 

Perceptually-Regulated Tests 

There are many variables that can be included when predicting a person's V02,nax 

from a submaximal test. One variable that has becon1e nlore pron1inent recently is RPE. 

The use of RPE in exercise testing has shown that there are biological markers such as 

I-IR, blood lactate, and VOi that are anchored to different RPE values. Tn a study done by 

Faulkner, Parfitt, and Eston (2007), the accuracy of using a perceptually-regulated 

submaxin1al test in predicting the V02n1ax in both active and sedentary adults \Vas put to 

the test. Perceptual regulation is when the subject selects the workload that he of she feels 

correlates with a designated RPE value on Borg's Scale of 6-20 (Borg, 1998). For this 

particular study, 45 total subjects completed two GXTs and three perceptually-regulated 

GXTs incremented by RPE values of 9, l l, 12, 15. and 17 all done on cycle ergon1eters. 

While completing the submaximal tests, the patiicipants instructed the researcher to 

adjust the resistance on the cycle until they felt they were cycling at an intensity that 

matched a "9" on the RPE scale. The stages continued with increasing RPE values (11, 

13, 15, and 17) every three tninutes. Rating of perceived exertion and HR collected 

during the perceptually-regulated tests were then regressed against VO" to predict 
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V02max. It was found that the extrapolation of submaximal Y02 from the perceptual 

range of RPE 9-17 to an RPE value of 19 while incorporating age-predicted maxitnal I-IR 

was an accurate predictor of the subjects' V02max. Another finding of the study \Vas that 

the subsequent submaximal tests were inore accurate predictors than the first 

perceptua!Jy-regulated test. This is n1ost likely due to the subjects' increasing fa1niliarity 

with the use of Borg's scale (Borg, 1998). 

Eston et al. (2012) conducted a si1nilar study that utilized n1otorized treadmills 

instead of cycle ergon1eters as the mode of exercise. The set up was very similar to the 

study done by Faulkner et al. (2007) in that subjects co1npleted a maximal GXT and also 

perceptually-regulated submaximal tests at RPE values of9, 11, 13, and 15. The display 

screen on the treadmill was hidden fro1n the subject with speed and grade being adjusted 

by the subject to the corresponding RPE value of each stage. HR was n1onitored 

continuously through the use of a chest strap. The order of testing was also manipulated 

according to the subject's status as either active or sedentary. The sedentary individuals 

con1p!eted the submaximal tests during the first and second sessions with the maxi1nal 

GXT being the last test. The opposite was true for active individuals. The researchers feel 

this was an iinportant design decision due to convenience and avoiding having sedentary 

individuals sta1t off with an exhausting and uncomfortable maxi1nal test. 

Similar to the previous study, the RPE values were extrapolated to an endpoint of 

RPE1 ~ to predict V02max. The results showed that HRs produced by both active and 

sedentary adults during the RPE range of 9-15 can be used when the HR: oxygen uptake 

relationship is extrapolated to the age-predicted maximal HR. These studies both 
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de1nonstrate that perceptually-regulated tests that utilize RPE as a foundation for a 

protocol may be used to accurately predict V0,1nax. 

Rockport One-Mile Walk Test 

One of the most con1mon and widely utilized sub1naximal exercise tests is the 

Rockport One-Mile test developed by Kline et al. (1987). This test was developed out of 

a need for a sub1naxi1nal test that would accurately csti1nate V02max without a protocol 

that is inappropriate or potentially dangerous for sedentary and older populations. The 

variables that the researchers chose to incorporate to produce an accurate equation \Vere 

gender, age, body weight, and time to complete the walk. The nlethods used in this study 

were tested on 343 healthy adults ages 30-69 years. A n1aximal treadmill-based test was 

used to measure V02max, and each subject performed at least two, one-111ile walking tests 

on a track. During the track walk, the subjects were instructed to walk as fast as possible 

and if the finishing times of the two tests were not within 30 sec of each other, an 

additional test was completed. Heart rate was n1onitored and recorded every n1inute and 

each quarter 1nile during the walk. 

The researchers developed six different equations for predicting V02max with the 

most accurate being: V02max = 6.9652 + (0.0091 x Weight)~ (0.0257 x Age)+ (0.5955 

x Sex)-(0.2240 x Ti)~ (0.0115 x HRrin,1). This equation was developed fro1n 174 

subjects and then cross validated against 169 subjects and \Vas found to be an accurate 

predictor of V02max. [twas also found that it would be sufficient to perform only a 

single walking test and use the generalized equation because any variation in walk time 

on the track v.1as acco1npanied by an equal and inverse variation in HR. 
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Additional tests have been conducted to test the validity of the Rockport test when 

it is performed on a treadmill instead of a track. Pober et al. (2002) carried out a study 

looking to see if the Rockpo11 equation was appropriate in predicting V02max in healthy 

adults ages 40-79 years when the test is done on a treadn1ill. Three hundred and four 

healthy volunteers who were not taking any medications or supplements that would affect 

HR response co1npleted a VO"n1ax test and a one-n1ile treadn1ill walk. The speed on the 

treadmill was chosen by the subject per instruction that it be at an intensity he or she 

would be able to n1aintain for l 5-20 minutes. It was found that the current model did not 

translate well onto treadmill walking. 1'his is 1nost likely due to the fact that over-ground 

\oco111otion generally has a greater oxygen requiren1ent at a given speed than tread1nill 

walking. The researchers were able to formulate a new equation that is specifically 

designed for a one-mile treadinill walk. This protocol 111ay be advantageous over track 

walking with higher risk participants as it allo•vs for closer 1nonitoring. 

Another study done by Seneli, Ebersole, O'Connor, and Snyder (2013) tested 

whether or not the Rockport test was valid on a non-n1otorized curved tread1nill. This is 

different from a motorized treadmill because the individual on the treadmill has the 

ability to accelerate and decelerate at his or her own pace rather than being dependent on 

the nlotorized belt. Healthy adults (n=23) participated in this study by perforn1ing a 

traditional Rockport test on an indoor track, another on a curved treadmill, and a GXT for 

criterion 1neasure of VO,max. Heart rate and completion time were recorded. There \.Vas 

no difference in completion tin1es between the track and treadmill tests, but 1-!R was 

significantly higher from the curved treadmill tests which in turn lead to a consistent 

underestimation ofV02max when using the curved treadmill. A 1nore accurate equation 
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was not developed, but the researcher states that with a 1nore appropriate equation, the 

curved tread1nill would provide an alternate for1n of submaximal testing. 

The Rockport test is a popular and simple test that requires minimal equipn1ent 

As stated by Kline et al., the r-value of the generalized equation in the prediction of 

V02peak (ml/kg/min) was 0.88 with a SEE value of 5.0 (Kline et al., 1987). This leaves 

so1ne roo1n for in1provement in the accuracy of predicting rnaxin1al aerobic capacity. One 

way to potentially i1nprove the SEE and r-value would be to incorporate other variables 

such as RPE and data on subjects' ventilatory thresholds. 
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