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Estimation of Stability Reliability for Determination of Peak vO, in 

Young Adults on an Inclined Stepper and Treadmill 

by 

CODY LAMONT SIPE 

(ABSTRACT) 

DEPARTMENT OF TEACHING AND LEARNING 

The inclined stepper is a novel piece of exercise equipment that is designed to 

offer precise control over a wide range of loading levels and exercise speeds by 

simulating an inclined stepping motion (21). The purpose of this study was to evaluate 

the relationship and test-retest reliability of the stepper ergometer. Twenty-eight healthy 

volunteers (age: 23.5 + 3.6 yrs) completed a graded treadmill (TM) and two graded, step 

(SI, SID ergometry tests to assess maximal oxygen consumption (VO,max). The order of 

these tests was randomized. Expired gases were analyzed using the Medical Graphics 

CPX/D metabolic cart. VO max between SI (VO, = 2.57 L/min) and SII (VO, = 2.65 

L/min) revealed an correlation of r=.91. The S trial with the highest VO,max value for 

each subject was used to compare with the TM. A one-way ANOVA was performed on 

the cardiopulmonary and perceptual data. Mean values and SD for the best stepper were: 

HRmax = 183 + 10.0 bpm, VO,max = 2.6 + 0.6 L/min, RER = 1.27 + 0.07, RPE = 17.1 + 

1.6. Mean values and SD for the treadmill were: HRmax = 193 + 8.8 bpm, vO, max = 

3.2 + 0.8 L/min, RER = 1.15 + 0.04, RPE = 17.8 + 1.4. Construct validity showed that 

the percentage of tests that achieved maximal test criteria for heart rate was 96%; for RPE



was 46% and for RER was 100%. These findings indicate that the inclined stepper elicits 

a significantly lower cardiovascular and metabolic response at maximal exercise as 

compared to the treadmill. In addition, the data suggests that this modality has many 

desirable features for assessment in the laboratory and use in the fitness arena.
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CHAPTER I: INTRODUCTION 

The measurement of maximal oxygen consumption, peak VO,, through open 

circuit spirometry has been established as the most effective method of determining 

cardiorespiratory endurance and fitness levels. This is accomplished through graded 

maximal exercise testing. The mode which has demonstrated to yield the highest VO 2 peak 

values for the general population consistently is the treadmill. It is now considered to be 

the “gold standard” of graded maximal exercise testing (ACSM, 1991). 

A variety of protocols exist in determining VO rpeak values. Ideally, workload 

should increase so that maximal exercise occurs between 8 to 12 minutes after it has 

begun (Buchfuhrer, 1983). Traditionally, protocols have implemented rather large 

increases in workload with stages lasting 2 to 3 minutes. The duration of each stage 

allows the physiological mechanisms to respond and adapt to the new workload (ACSM, 

1991). The Bruce and Balke protocols, while being very widely implemented, are 

examples of these large increases in workload, ranging from 2 to 3 METS per stage. 

These large jumps can often result in a 10 to 20% error in estimating VO dpeak because the 

increase in workload has exceeded the body’s ability to uptake oxygen. 

Due to this dilemma, incremental protocols which employ shorter stages and 

smaller increases in workload are being implemented progressively more often. The 

small, yet frequent alterations in workload slowly place more demand on the body 

without requiring too large of an increase in oxygen requirements at once (ACSM, 1991). 

Less conditioned individuals greatly benefit from this concept for whom large increases



in workload often exceed their ability to utilize oxygen (ACSM, 1991). Likewise, the 

gradual increase in workload is beneficial for maximal exercise testing using modes other 

than the treadmill, such as a stepping machine. 

Stairclimbing is a common exercise in health fitness institutions across the 

country and has rapidly increased in popularity since their introduction in the early 

1980’s (DeBenedette). The energy cost of stair climbing has been pursued since the early 

1900’s. Selig introduced a simple stepping test in 1905 for evaluation of cardiac 

function. The standardized Masters test was developed in 1929, was revised in 1967, and 

used clinically before treadmill ergometers became available soon thereafter. At that time 

subjects were required to walk up and down stairs at a given pace or step up and down on 

a bench at a given pace. In order to increase intensity, the climbing pace was increased. 

Nagle et al developed a step test with an adjustable height platform to better simulate 

treadmill type changes in grade. The American Heart Association recommended a 

variation of this test. The YMCA introduced a three minute step test which uses heart 

rate and a nomogram in order to rate fitness level qualitatively. 

Several different types of devices which simulate stair climbing have been 

introduced in the last few decades. The early models resembled small escalators which 

incorporated a revolving set of stairs on an ergometer. Intensity was increased by 

increasing the rate at which the stairs revolved. More recently steppers were developed 

which employed pedal stepping. The pedals are attached to an ergometer which provides 

resistance to the individual’s stepping motion. Intensity increases by a reduction of



resistance, thus causing an increase in stepping rate. Unfortunately, as rate increases 

there is also a reduction in stepping distance. The inclined stepper is a recently 

introduced design which provides a non-weight bearing stepping action. 

This new machine utilizes a weight system in order to vary resistance, as well as 

stepping rate. It is designed to provide better orthopedic positioning of the back and hips, 

as well as eliminating extraneous factors, such as gripping of the bars and supporting a 

portion of one’s body weight with the arms. Both factors have been attributed to varying 

energy costs during activity (Howley, 1991: Howley, 1992). This new stepper also uses a 

nautilus weight design which requires the user to keep the weight suspended during the 

exercise. The inclined stepper has been reported to be “a highly effective tool for 

developing and improving lower extremity strength and aerobic fitness” by its 

manufacturer. It is classified as a non weight-bearing, weight-loading system allowing 

the combination of both strength and endurance training. Therefore, further study on the 

cardiorespiratory responses of this newly designed stepper equipment is warranted. 

Statement of the Problem 

The purpose of this study was two-fold: 1) to estimate the stability-reliability of 

the step ergometer incremental protocol! in determining peak VO, using healthy college- 

aged men and women, 2) to estimate the relationship of the step ergometer incremental 

protocol to the incremental treadmill protocol in determining peak vo, using healthy 

college-aged men and women and 3) to determine the ability of stepper peak VO; values 

to predict treadmill performance.



Significance of the Study 

Riddle (1990) studied the cardiovascular responses of men and women during 

maximal tests on the treadmill (TM) versus the Stairmaster 4000 PT (SM). Data 

suggested that mean VO2 max achieved on the TM was significantly higher than that 

achieved on SM, while the opposite was true for mean systolic blood pressure max. The 

authors interpreted these results to indicate that well-trained subjects are not able to 

achieve true VO2 max on the SM (5). O’Connell and Holland discovered no peak 

differences between the treadmill and the Stairmaster 6000 stair-treadmill for healthy and 

cardiac populations, respectively. Ben-Ezra obtained conflicting results when testing 

fire-fighters. Obviously, different stepper designs used with different populations will 

elicit different responses. Although the stepper is a stepping machine, its unique design 

may elicit a somewhat different cardiovascular response than previous stepper designs 

and the results of previous studies on these other types of steppers may not accurately 

reflect what will happen with the stepper. 

The inclined stepper is a novel piece of exercise equipment with no data available 

related to physiological responses. In order for health fitness professionals to understand 

the inherent limitations and possibilities which accompany the machine, it is necessary to 

estimate the reliability, submaximal and maximal physiological response and the 

relationship to established standards of exercise testing. This information is important to 

clinical and fitness professionals who will be utilizing this modality to rehabilitate or 

train various populations of individuals.



Research Hypotheses 

H,;: There was no relationship between peak VO, values obtained in day 1 and day 2 

on the step ergometer incremental protocol. 

H,2: There was no relationship between peak vO, values obtained on the step 

ergometer incremental protocol and those obtained on the treadmill incremental 

protocol. 

H,3: There was no predictive ability of peak vO, values on the stepper in the 

determination of peak VO, on the treadmill. 

Delimitations 

l. The study was confined to healthy college-aged males and females 

between the ages of 17 and 31. 

2. Independent variables were confined to graded, maximal exercise testing 

performed on a step ergometer incremental protocol and a treadmill 

incremental protocol. 

3. The dependent variable was confined to peak VO,, defined as the highest 

average of three consecutive absolute oxygen consumption values 

obtained during the step ergometer incremental protocol and the treadmill 

incremental protocol. 

Limitations 

1. The non-random sample may impact the generalizability of the results.



Basic Assumptions 

1. The MedGraphics CPX/D metabolic cart accurately measured oxygen 

consumption. 

Subjects gave maximal effort during exercise tests. 

Subjects complied with pre-test instructions such as no alcohol, no 

caffeine, no tobacco products, and no strenuous exercise 24 hours prior to 

exercise testing as well as no food 4 hours prior. 

The treadmill incremental protocol elicits the highest value of peak vO, 

for the general population. 

The stepper protocol elicits the highest value of peak vO, for the general 

population on the stepper. 

Subjects did not vary the level of their exercise activity during the testing 

period within and between modalities. 

Definitions of Terms and Symbols 

Peak vO, - The highest value obtained from the average of three consecutive absolute 

oxygen consumption values during graded, maximal exercise testing. 

Incremental Protocol - An exercise protocol characterized by specific increases in 

workload over predetermined time intervals. 

Ramp Protocol - An exercise protocol designed to achieve a predetermined workload 

within a given time interval.



Ratings of Perceived Exertion (RPE) - A subjective measure of exercise intensity. RPE 

correlates closely with percent VOrpeak and heart rate (ACSM, 1991). 

METS - Metabolic equivalents defined as relative oxygen uptake divided by a constant, 

3.5 ml/kg-min. 

SI - Stepper trial on day 1 

SII - Stepper trial on day 2 

S Trial - The best stepper VO rpead between day | and day 2. All other physiological 

variables of this trial were used for comparison with the treadmill data. 

Summary 

Measuring peak VO, is an important health assessment used to indicate 

cardiorespiratory fitness and determine appropriate exercise recommendations (ACSM, 

1991). With the introduction of the inclined stepper ergometer comes the need to design 

appropriate VO speak protocols. Given the acceptance of gradually progressive protocols 

with traditional modes of exercise, an incremental protocol was designed and tested on 

twenty-eight college-aged men and women between the ages of 17 and 31 to determine 

test-retest reliability. Values of peak vO, obtained on a treadmill incremental protocol 

were correlated with peak VO; values obtained on the stepper incremental protocol to 

estimate their relationship.



CHAPTER II: REVIEW OF LITERATURE 

Introduction 

Due to the recent advent of the inclined stepper , there is currently no data 

available concerning its use for exercise testing. Consequently, no established 

information is available in regards to appropriate maximal exercise testing protocols or 

guidelines for this piece of equipment. Discussion, therefore, is limited to similar step 

ergometers and their utilization for exercise testing. First, consideration will be given to 

the importance of VO, max assessment and generally accepted guidelines for appropriate 

maximal exercise testing. Treadmill and stepper maximal exercise testing protocols will 

then be discussed. The final focus will fall on the inclined stepper and its special 

considerations regarding the design of peak VO, protocols. 

VO,.max Assessment 

The assessment of maximal oxygen consumption is an important component of 

exercise testing and prescription (1, 2). With this value, a health-fitness professional can 

determine a number of physiological parameters, the most important being the maximal 

amount of oxygen consumed by an individual (VO,max). Level of cardiorespiratory 

fitness (or endurance) is based on VO,max assessment. A greater amount of oxygen 

utilized by the body during maximal exercise indicates a greater level of fitness. An 

appropriate exercise prescription can then be made by computing percentages of the 

maximal value and then using that to determine appropriate HR range, MET level and 

RPE range.



General Guidelines of Maximal Exercise Testing 

There are a variety of VO peak protocols which exist, but they usually follow some 

general guidelines which have been widely accepted. One of many important variables to 

consider for appropriate maximal exercise testing is duration of exercise. A classic study 

by Buchfuhrer et al (1983) proposed that optimal length of exercise testing was 10 + 2 

minutes. Although subjects in this study did not show reduced peak vO, values until 

after 17 minutes, performing exercise for extended periods of time tended to result in 

mental fatigue and low back discomfort. Tests lasting less than 8 minutes often required 

large incremental changes in workload resulting in lower VO peak values. The researchers 

concluded that the ideal time at which to bring subjects to their maximal limit was 8 to 12 

minutes. 

In addition to appropriate test duration, other physiological characteristics have 

been defined for the attainment of maximal exercise. Maximal ratings of perceived 

(RPE) exertion should be at least 17 (Very, Very Hard on Borg Scale) and the subjects’ 

ending heart rate (HR) should reach at least 85 percent of age-predicted maximal heart 

rate (1, 2). Another physiological endpoint indicative of true maximal testing is a 

respiratory exchange ratio, the volume of carbon dioxide exhaled divided by the volume 

of oxygen consumed, of at least 1.10 (Frangolial, etal, 1995). There should also be an 

increase in oxygen consumption of less than 2 ml/kg/min with an accompanying increase 

in workload. This final criteria is usually reserved for uphill running, and is often 

referred to as the plateau effect, since most other modes can only elicit peak oxygen



consumption and not maximal oxygen consumption (1, 2). It is important to note, 

however, that only about 50% of all tests result in the attainment of this criteria, yet are 

still considered maximal tests due to other criteria. 

The recruitment of different muscle mass will result in different oxygen uptake 

results, therefore exercise modality is an important consideration in testing. Modes 

which utilize greater amounts of muscle mass elicit greater values for maximal oxygen 

consumption. Arm ergometry falls at the bottom of the list because it recruits a relatively 

small muscle mass in the arms, shoulders and chest. Stepping and cycling tends to fall in 

the middle because the larger muscle groups of the lower extremities, such as the gluteus, 

quadriceps, hamstrings and calves are recruited. Uphill treadmill running is at the top 

because it employs the larger lower extremity muscles as well and is weight-bearing. 

Most people are much more accustomed to walking and running than biking, as well, so 

they are well adapted, muscularly and neurally, to the task. The combination of both 

upper and lower body exercise, such as cycling while arm cranking, has been shown to 

elicit higher values than either modality alone. 

Treadmill Protocols 

The Bruce and Balke treadmill protocols are widely used today for apparently 

healthy and diseased populations (9). The Balke protocol begins with a low initial 

workload of walking at 3 miles per hour at 2.5% grade. Stages last 2 minutes and 

workload increases by 2.5% grade while speed remains constant. A variation of this is 

the Balke-Naughton treadmill protocol, which employs a more gradual approach to 
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workload progression. A constant walking speed of 2.0 to 3.3 miles per hour with 

increasing grade increments of 2 to 3% every 2 to 3 minutes is used. The Bruce protocol 

is more aggressive in nature with speed and grade increasing every 3 minutes. 

Recently, the use of ramp protocols has become more widespread. Ramp 

protocols use very small changes in workload with more frequency. Stages may last 

anywhere from 10 seconds to 1 minute. The use of computer interfaced treadmill 

systems has facilitated their use. The small, yet frequent changes in workload slowly 

place more demand on the body without requiring too large of an increase in oxygen 

requirements at one time. This is important for less conditioned subjects for whom large 

increases in workload exceed their ability to utilize oxygen. Accordingly, treadmill! 

protocols with small, equal and frequent increments in workload can help to more 

accurately assess the maximal oxygen consumption of a subject. 

Stepper Exercise Testing 

The energy cost of stair climbing has been pursued since the early 1900’s. Selig 

(13) introduced a simple stepping test in 1905 for evaluation of cardiac function. The 

standardized Masters test was developed in 1929, was revised in 1967, and used clinically 

before treadmill ergometers became available soon thereafter. At that time subjects were 

required to walk up and down stairs at a given pace or step up and down on a bench at a 

given pace. In order to increase intensity, the climbing pace was increased. Nagle et al 

developed a step test with an adjustable height platform to better simulate treadmill type 

changes in grade. The American Heart Association recommended a variation of this test. 

11



The 3-Minute Step Test is a submaximal test used for mass fitness testing (2). It is to be 

conducted on a 12-inch high bench, with a stepping rate of 24 steps/minute for three 

minutes. After the test is completed, the subject is to immediately sit down and count 

heart rate for one minute. In reviewing several methods, Shephard suggested that the 

height be kept constant and the rate of stepping gradually be increased (10). This is the 

basis of the Canadian Home Fitness Test. Precise measurement of power is difficult 

because of uncertainty in the work done in stepping down. Some researchers have shown 

that predictions of maximal oxygen uptake are subject to large errors in these tests (10). 

In the past, traditional step tests have more often been used for submaximal 

testing of cardiovascular efficiency because they produce significantly lower oxygen 

consumption values than the treadmill ergometers (10). Recently, stepping devices have 

been produced that simulate stair climbing. One of the first of these was the stair- 

treadmill ergometer, in which a rotating set of stairs, similar to a escalator, were revolved 

at increasing speeds in order to increase exercise intensity. O’Connell, et al, found that 

the stair-treadmill ergometer appeared “to be a useful device for evaluating fire fighters’ 

cardiovascular fitness for stair climbing as well as their general work capacity” (1986). 

Seventeen firefighters were assessed following each of three conditions: (1) stair 

climbing without fire-fighting uniform and equipment, (2) stair climbing with fire- 

fighting uniform and equipment, and (3) pedaling a bicycle ergometer during a graded 

maximal exercise test. The stair-treadmill used was the Stairmaster 6000 and the tests 

performed on it were five minute submaximal tests on 8 inch steps at a rate of 60 steps 

12



per minute. Unfortunately, the authors did not assess maximal oxygen uptake responses 

on the stair-treadmill. 

Ben-Ezra (3) conducted similar research using the previous study as a reference 

point, but chose to collect maximal response data. Thirty-eight firefighters were 

maximally tested on the Stairmaster 5000 (a step ergometer similar to the Stairmaster 

6000) and ona treadmill. Where O’Connell found no significant differences in peak 

responses, Ben-Ezra showed different results. VO, max and HR max were lower during 

stair climbing by 7% and 2% respectively, and the VE/VO, was significantly higher 

(6.7%). The differences found between the two modes were attributed to the task-specific 

work of firefighting. Ben-Ezra suggested that training and testing of this population be 

conducted using step ergometers because of the reported differences. 

Holland, et al (10) maximally tested eighteen female college students using the 

same Stairmaster 6000 that O’Connell used, comparing it with the treadmill. No 

significant differences in peak responses were found between the two modes, when 

comparing oxygen consumption, heart rate, ventilation, respiratory exchange ratio, and 

work time. Ten subjects had lower VO, values on the stair climber, seven subjects had 

higher values, and one subject showed no difference. The first two stages of submaximal 

work elicited higher responses for heart rate and oxygen consumption on the stair climber 

compared to the treadmill. The researchers concluded that the stair-treadmill ergometer is 

a viable alternative mode for testing and/or training this type of 

13



The stair-treadmill has also been used as a method of exercise for patients 

undergoing cardiac rehabilitation. To assess its use in graded exercise testing for this 

population Holland (1988) and his colleagues maximally tested thirteen male phase III 

patients on the stair ergometer and by use of a modified Bruce treadmill protocol. 

Results showed that, similar to the study with firefighters on the stair-treadmill, there 

were no significant differences in peak response to the two test modes as measured by 

maximal oxygen consumption, maximal heart rate, maximal systolic blood pressure, 

maximal ventilation, respiratory exchange ratio, and peak work time. There were also no 

significant differences in clinical manifestations between the two modes. The researchers 

concluded that step treadmill ergometry may be a valid alternative mode for testing and 

training clinically stable and moderately fit populations of patients with cardiac disease. 

Again, this was the same Stairmaster 6000 used in the previous two studies mentioned. 

Various modes of exercise are used in rehabilitation programs and fitness centers 

in order to assess VO, max, increase functional performance and fitness, aid in weight 

loss and help control risk of coronary disease. Historically, modes such as the treadmill 

and cycle ergometer have been preferred over stepping equipment, although stairclimbing 

has gained more widespread use in recent years (22). Studies involving treadmills and 

cycle ergometers have given us an abundance of information regarding the cardiovascular 

and respiratory response for apparently healthy and chronic disease populations. 

However, because of the introduction of various stair climbing simulators, data on the 

cardiorespiratory response across populations is warranted. 

14



Differences in Oxygen Uptake Between Stepper and Treadmill 

There are several reasons which may explain why the maximal oxygen uptake on 

stepper ergometers is lower than that achieved on a treadmill during uphill running. One 

of those is the difference in recruitment of muscle fibers and motor units. Motor unit 

recruitment generally begins with slow-twitch fibers and progresses to the faster fibers. 

Order of recruitment between running and stepping may be different, however, due to the 

differences in leg motion. In stepping, the legs are lifted higher and at different angles 

with different muscle groups bearing various percentages of the workload. It is also 

difficult to match stepping rate with stride cadence, which is not a common practice 

anyway. The sustained contraction of the muscles may also be maintained for different 

amounts of time, which could cause differences in extremity blood flow, oxygen 

availability, anaerobic metabolism and lactic acid synthesis and removal. All of these 

factors can contribute to the decreased oxygen uptake on stepper ergometers, even though 

stepping is a dynamic exercise which involves large muscle groups. 

Inclined stepper 

Recently, an inclined stepper was developed for the health and fitness professions. 

It is designed to offer precise control over a wide range of loading levels and exercise 

speeds by simulating an inclined stepping motion, while offering advantages over other 

step ergometers, such as providing better orthopedic positioning of the back and hips, as 

well as eliminating extraneous factors, such as gripping of the bars and supporting a 

portion of one’s body weight with the arms (21). Both factors have been attributed to



varying energy costs during activity (12,13). This new stepper also uses a nautilus 

weight design which requires the user to keep the weight suspended during the exercise. 

The manufacturer designed the stepper to be “a highly effective tool for developing and 

improving lower extremity strength and aerobic fitness”. It is classified as a non weight- 

bearing, weight-loading system allowing the combination of both strength and endurance 

training (21). This combination of strength and endurance components, as well as the 

altered stepping position, could cause differences to occur in physiological responses at 

maximal exercise. Therefore, with the unique design of the , further study on the 

cardiorespiratory responses of this innovative equipment is warranted. 

Summary 

Treadmill protocols have historically utilized rather large increases in workload 

between stages, which may cause a 10 to 20% error in the estimation of VO,max to occur 

(2). Stepper protocols have demonstrated varying degrees of effectiveness, in terms of 

reliability and validity, depending on the subject population and the actual stepping 

equipment that is used (3, 10,11,19,22). The unique design of the inclined stepper gives 

rise to the possibility that the physiological responses to maximal exercise testing will be 

different from stepper protocols which have previously been used. Therefore, further 

study on the cardiorespiratory responses of this innovative equipment is warranted. 
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Stability Reliability for Determination of Peak VO2 in Young Adults on 

an Inclined Stepper and Treadmill 

by 

CODY LAMONT SIPE 

(ABSTRACT) 

The inclined stepper is a novel piece of exercise equipment that is designed to 

offer precise control over a wide range of loading levels and exercise speeds by 

simulating an inclined stepping motion (21). The purpose of this study was to evaluate 

the relationship and test-retest reliability of the stepper ergometer. Twenty-eight healthy 

volunteers (age: 23.5 + 3.6 yrs) completed a graded treadmill (TM) and two graded, step 

(SI, SID ergometry tests to assess maximal oxygen consumption (VO.max). The order of 

these tests was randomized. Expired gases were analyzed using the Medical Graphics 

CPX/D metabolic cart. VO,max between SI (VO, = 2.57 L/min) and SII (VO), = 2.65 

L/min) revealed an correlation of r=.91. The S trial with the highest VO,max value for 

each subject was used to compare with the TM. A one-way ANOVA was performed on 

the cardiopulmonary and perceptual data. Mean values and SD for the best stepper were: 

HRmax = 183 + 10.0 bpm, VO,max = 2.6 + 0.6 L/min, RER = 1.27 + 0.07, RPE = 17.1 + 

1.6. Mean values and SD for the treadmill were: HRmax = 193 + 8.8 bpm, VO, max = 

3.2 + 0.8 L/min, RER = 1.15 + 0.04, RPE = 17.8 + 1.4. Construct validity showed that 

the percentage of tests that achieved maximal test criteria for heart rate was 96%; for RPE 

was 46% and for RER was 100%. These findings indicate that the inclined stepper elicits 
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a significantly lower cardiovascular and metabolic response at maximal exercise as 

compared to the treadmill. In addition, the data suggests that this modality has many 

desirable features for assessment in the laboratory and use in the fitness arena. 
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Introduction 

Direct measurement of peak oxygen consumption during graded, maximal 

exercise is generally accepted as the criterion measure of cardiorespiratory endurance. 

VO rpeak values are used to determine levels of cardiorespiratory fitness and aid in the 

determination of appropriate exercise prescriptions (1, 2). 

Historically, incremental protocols involving large increases in workload have 

been used to achieve maximal exercise. The Bruce and Balke treadmill protocols are 

widely used and employ workload increases ranging from 2 to 3 METS per stage. There 

are advantages to such tests, such as short duration, however a major limitation is that the 

large increases in workload tend to exceed to the body’s ability to uptake oxygen, 

resulting in a 10 to 20% error in measuring VO speak (2). 

Despite the popularity of such protocols, ramp protocols are rapidly gaining in use 

and acceptance. They utilize small, yet frequent, increases in workload so that the 

heavier demands are placed more gradually upon the body allowing the oxygen kinetics 

to rise in a more linear fashion. This is especially helpful for less conditioned individuals 

for whom large increases in workload often exceed their ability to utilize oxygen. These 

gradual increases may also prove to be beneficial for other modes of testing, such as step 

ergometers. 

Although modes, such as treadmill, bike ergometer and arm ergometer, have 

received considerable attention when it comes to protocol development, stair climbing 

simulators have received very little attention (10). This fact has resulted in very little 

20



information being available to guide maximal exercise testing on these modalities. There 

has also been an evolution in the design of step ergometers in the last 15 years, making 

research even more difficult because of the unique attributes that the different designs 

inherently bring with them. With the increasing popularity of step ergometers in the 

fitness arena (6, 15), data concerning the physiological responses of these different 

designs are valuable for health fitness professionals for use in exercise testing and 

| prescription. 

Purpose 

The purpose of this study was three-fold: 1) to estimate the stability-reliability of 

the stepper incremental protocol in determining peak VO, in apparently healthy college- 

aged men and women, 2) to determine the relationship of the step ergometer incremental 

protocol to the incremental treadmill protocol in determining peak vo, using apparently 

healthy college-aged men and women and 3) to determine the ability of stepper peak vo, 

values to predict treadmill performance. 

METHODS 

Twenty-eight apparently healthy men (n=14) and women (n=14) were recruited 

on a volunteer basis for the exercise study. Descriptive characteristics of the 28 subjects 

are presented in Table 1. 

Each subject was screened for health problems with the Physical Activity 

Readiness Questionnaire (PARQ) (appendix B) and any “yes” answer on the first seven 

questions was cause for exclusion from the study. Subjects free of exclusion criteria then 
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gave their informed consent (Appendix C) as approved by the Human Investigation’s 

Committee at Virginia Polytechnic Institute and State University. Subject data remained 

confidential throughout the use of subject identification numbers. 

Orientation Procedures 

The orientation consisted of written and oral explanation of all procedures. 

Subjects were familiarized with testing procedures, laboratory equipment and the inclined 

stepper . To ensure proper data collection the subjects practiced breathing through the 

mouthpiece while wearing the noseclip during exercise on both the stepper and treadmill 

with suggestions provided concerning technique. The subjects exercised on the stepper at 

three different intensity levels: low, medium and high. This allowed the subject to 

experience the discomfort in the quadriceps which accompanies high intensity exercise 

on the stepper and also let them know what to expect during the testing sessions. The 

subjects also exercised on the treadmill at low, medium and high intensities. During this 

time, the subjects were asked to select a speed which was fairly comfortable to them and 

they could jog at for approximately 15 to 20 minutes. This speed was then used for their 

treadmill protocol. The sessions lasted approximately fifteen to twenty-five minutes. 

Inclined Stepper Considerations 

Recently introduced is the inclined stepper for fitness and rehabilitative use. It is 

designed to offer precise control over a wide range of loading levels and exercise by 

simulating an inclined stepping motion, while providing additional benefits that former 

step ergometers lack (16). One of those provisions is the ability to offer a simultaneous 
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strength and endurance workout in one exercise bout. Workload is manipulated by either 

increasing weight resistance or stepping rate. These variables, however, can only be 

altered according to preset options. Resistance, for example, is measured in 10 pound 

plates and has a range of 10 to 120 pounds. There are 14 levels of stepping rate available, 

regardless of resistance, 13 of which were used for the testing protocol. 

The inclined stepper utilizes a suspended weight design during exercise. As the 

subject begins stepping, the selected weight will rise on the pole according to the rate 

which has been set. Stepping too slow will result in the weight staying at the bottom, 

while stepping too fast will result in the weight hitting the top of the machine and jerking 

the stepping pedals. Therefore, the desired technique is to maintain a proper stepping rate 

so that the weight will remain suspended. Once resistance has been set for an exercise 

bout, the only way to change it is to momentarily cease stepping so that the weight stack 

may fall, enabling the subject to remove the pin and replace it at a different load. The 

display on the step ergometer expresses changes of workload in units of METS. 

Considering the increase in weight-dependent MET values, protocols can offer only 

approximate workload increments for each stage. With consideration to the limitations 

inherent in the design, an incremental protocol was designed to measure peak oxygen 

consumption. 

Experimental Procedures 

Each subject was tested three times, once on the treadmill and twice on the 

stepper at approximately the same time of day. All tests were maximal and continued 
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until overall fatigue or some other limiting factor terminated the test. Ratings of 

Perceived Exertion (RPE) for overall and legs were assessed every two minutes and HR 

was assessed one minute into every stage. Testing on the stepper for each subject 

occurred twice with at least 36 hours between sessions. This allowed for an adequate 

recovery time. At the beginning of each session, the subject was questioned to determine 

if they had adhered to the exercise and eating restrictions. If they had not, then testing 

was rescheduled for the next day, if possible. To account for the effect of test order, half 

the subjects were tested on the treadmill first and then the stepper, while half were tested 

on the stepper first and then the treadmill. 

Maximal Treadmill Protocol 

For the maximal treadmill tests (Table IV), subjects warmed up at 3.0 miles per 

hour and 5% grade for three minutes. At the end of the warm-up, the grade was lowered 

to 0% and the speed was increased to a jogging speed. The jogging speed varied for 

individuals because they were allowed to self-select it during the initial orientation after 

they had been informed that the speed needed to be a comfortable pace that they could 

manage for approximately twenty minutes. The importance of being accurate in this 

selection and avoiding choosing either a very slow or fast speed was emphasized many 

times. This allows for variability in actual subject fitness levels while still finishing the 

test within the recommended 8 to 12 minutes. After a three minute warm-up at 3 

mph/5% grade, the subjects were lowered to 0% grade and increased to their preselected 

jogging speed. The grade was then increased by 1% for every minute of exercise 
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completed until exhaustion. During the test RPE and HR were assessed at predetermined 

intervals, while expired gas was measured continuously. 

Maximal Stepper Protocol 

The incremental stepper protocol (Table III) was conducted in a slightly different 

manner because of the unique suspended weight design of the machine. The plates were 

set at a certain number and remained there throughout the entire test. Due to varying leg 

strengths between men and women, men were tested using 6 plates and women were 

tested using 4 plates. These levels were chosen based on pilot data which was collected. 

The exercise intensity was increased by manipulating the speed (steps per minute). 

Each subject began at the second intensity level (the first is much too slow) and 

the speed was increased at the end of every minute. Because the stepper is programmed 

to increase by set MET increments only, the intensity level can only be manipulated up or 

down by the smallest increment programmed into the computer. This increment varies 

between stages according to the subject’s body weight and number of plates being used. 

The “self pace” mode was used which has 14 different intensity levels. Since each 

subject began at the second level, then there were 13 possible minutes of incremental 

exercise. It was pre-determined that if a subject achieved this level and could continue 

exercising then they would remain at that intensity until they fatigued. However no 

subject achieved this. 

There was some difficulty involved with matching the protocols on the treadmill 

and stepper due to the design of the equipment. Workload increments were not matched 
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by power output, but rather on the basis of smooth, equal progressions in the allotted 8-12 

minute optimum window for each separate mode. It was decided, therefore, to increase 

both modes by their respective increments at one minute intervals. The treadmill was 

increased by 1% grade and the stepper was increased by one pre-programmed level which 

was equivalent to approximately 1-1.5 METS. 

Open-circuit spirometry was used to collect metabolic data during all exercise 

bouts. Expired ventilation, oxygen and carbon dioxide content were measured using a 

Medical Graphics CPX (Minneapolis, MN) metabolic cart. Breath-by-breath 

measurement was made with 8 breath averaging for analysis. Subjects wore a nose clip 

and breathed through a standard disposable mouthpiece, which allows inspiration of room 

air. Three standard ECG electrodes were placed on the chest of each subject for 

attachment to the Lifepak 9 monitor. 

All tests were supervised by an ACSM certified Exercise Specialist with current 

American Heart Association CPR certification and performed in the Laboratory for 

Health and Exercise Science (230 WMH). A graduate student in Exercise Science with 

AHA CPR certification and experience with maximal exercise testing was also present 

during the testing procedures. The facility contained emergency equipment and a phone 

for notification of rescue personnel, if necessary. 

Data Analysis 

The subject sample was described using means and standard errors of the mean. 

Pearson’s product-moment correlation was used to estimate stability-reliability between 
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trial one and trial two for the stepper incremental protocol. Pearson’s correlation was 

also used to estimate the relationship between the treadmill as the criterion measure, and 

the stepper ergometer incremental protocol. Step-wise regression for anthropometric 

measurements of peak VO, on the stepper was used to determine adequate predictors of 

peak VO, on the treadmill. Construct validity was also assessed. The measurements 

included gender, height, weight, age and BMI. All statistics were calculated using the 

MINITAB program. 

RESULTS 

Descriptive characteristics of subjects are presented in Table I. The test-retest 

reliability coefficient of the stepper protocol was 0.91. That is, 83% of the variance of 

peak VO, values obtained on the first incremental protocol (VO peak SI=2.57 L/m) was 

accounted for by the differences in peak VO, values obtained on the second stepper 

incremental protocol (VO opeak SII=2.65 L/m). Of the 28 subjects, 7 achieved higher peak 

VO, values on the first stepper test while 21 performed better on the second test. The 

relationship between the stepper VOdpeak 

27



Other variables measured showed varying degrees of correlation with the 

treadmill protocol. Heart rate was found to have an r=0.96, which supports the findings 

of several other studies (7,8,10,13). Overall RPE had a correlation of 0.76, while local 

RPE was 0.58. The novelty of this exercise can probably explain most of the difference 

which is found here. The subjects were unable to accurately assess the relative work 

intensity. For many of the subjects, it was their first experience with the RPE scale. 

ACSM recommends three trials with the scale because of a learning effect that is 

involved with its use (1,2). 

Indicators for the attainment of maximal exercise include RPE of at least 17, heart 

rate of at least 85 percent of age-predicted maximal heart rate and a respiratory exchange 

ratio of at least 1.10 (1, 2, 4). Construct validity showed that the inclined stepper met the 

criteria for a maximal exercise test in 96% of the tests for heart rate , RPE in 46% of the 

tests and RER in 100% of the tests compared with the treadmill which showed heart rate, 

100%, RPE, 82%, and RER 90%. Results are also reported in Table V. 

Mean peak values obtained on the stepper incremental protocol include: HR - 183 

+ 10 bpm, VO,max - 2.6 + 0.6 L/min, RER - 1.27 + 0.07 and RPE - 17.1 + 1.6. Mean 

peak values obtained on the treadmill ramp protocol include: HR - 193 + 8.8 bpm, 

VO max - 3.2 + 0.8 L/min, RER - 1.15 + 0.04 and RPE - 17.8 + 1.4. 

Discussion 

The stepper incremental protocol was found to be highly reproducible, with a 

correlation coefficient of 0.91 for VO apeak: Correlation coefficients can be found in table 
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{II for a number of physiological variables. This is not inconsistent with previous data. 

Other stepper data have demonstrated similar, yet lower, results. Holland et al (1990) 

found the test-retest reliability coefficient for a step treadmill protocol to be 0.83 (p<.05) 

for maximal oxygen uptake. Other physiological variables, such as heart rate, blood 

pressure and ventilation have been found to be highly reproducible in some stepper tests 

as well. 

The stepper protocol not only demonstrates adequate test-retest reliability for 

measuring VO rpeaks it has a fairly strong relationship (r = 0.81) to the gold standard of 

uphill treadmill running. This finding is consistent with other stepper protocols and 

devices which have shown moderate to strong relationships to the treadmill (7, 8, 13), 

although this stepper is on the lower end of the spectrum. Several studies within both 

healthy and cardiac populations have reported no statistical difference between peak vo, 

values, while others have shown only moderate differences within 10% (3, 7, 8). The 

step treadmill has elicited the highest relationship with the standard treadmill (F = 2.81, 

p<.06). Two studies by Holland (1988, 1990), one with a healthy population and the 

other with cardiac patients, both found no statistical differences (p > 0.05) in VOrpeaks 

heart rate, ventilation and respiratory exchange ratio during maximal exercise. The 

relationship between the incremental protocol and the treadmill is more similar to the 

relationship between the bicycle ergometer and the treadmill. 

There are several possible explanations which may account for the discrepancy in 

maximal oxygen uptake between the two modes. The most obvious explanations are the 
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differences in muscle mass utilized as well as the disparity of loading of various muscle 

groups. Treadmill running utilizes almost all of the muscle mass of the lower extremities 

to some extent, as well as the upper torso muscles for stabilization. It therefore is usually 

limited by cardiorespiratory factors. Because different muscle groups are sharing the 

work load, localized fatigue of any one group can be avoided. The design of the stepper, 

however, is somewhat different. Most of the work is handled by the quadriceps and 

gluteal muscles. The lower muscle mass results in accumulation of lactic acid which is a 

major contributor of muscle fatigue. Many tests may have terminated before 

cardiorespiratory limitations were reached due to localized burning and weakness of these 

muscles. The sustained contraction of these muscles probably also occluded or hindered 

blood flow to the areas which needed it most, thus compounding the problem by 

decreasing oxygen supply, as well as the removal of lactic acid. 

An added factor which may help explain the lower peak VO, values on the 

stepper is the novelty of the exercise. Even though it is a lower body exercise, most 

people are generally unaccustomed to walking up stairs for extended periods of time, 

while they are very familiar with walking and running. During stepper exercise, the 

subject pushes down with one foot, while letting the other raise as far as possible and then 

alternating the movement. The legs rise high enough so that it is less than 90 degrees, 

and many times 45 degrees, in relation to the upper body. This movement is not familiar 

to most people because they are not required in life to perform that task on a regular 

basis. 
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It may also be important to note that past experience on the treadmill may have a 

small impact on the results. Those with more experience tend to do better because of a 

slight learning effect. Subjects who feel uncomfortable with a treadmill will not do as 

well as they possibly could due to being tense or lower economy of running form 

resulting in a lot of wasted movement and energy. 

Despite the differences, however, the fact remains that the stepper incremental 

protocol proved to elicit maximal responses for the subjects. Indicators for the attainment 

of maximal exercise include RPE of at least 17, heart rate of at least 85 percent of age- 

predicted maximal heart rate and a respiratory exchange ratio of at least 1.10. Results of 

constructive validity can be found in Table V. These findings indicates that the inclined 

stepper is capable of maximal exercise for varying levels of fitness, with the exception of 

elite athletes who were not tested. 

The impact of this reaches into clinical and fitness arenas. It is important 

clinically, because health professionals can have confidence that the stepper has met 

established criteria for the attainment of maximal exercise in research settings. It is 

important in the fitness arena for individuals who wish to exercise or train on this piece of 

equipment, because the can provide a full range of exercise intensities, including 

maximal exercise. 

Conclusions 

Measuring peak physiological responses, such as peak VO,, is an important 

component of fitness assessment and exercise prescription (1, 2). These findings indicate 
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that the inclined stepper elicits a lower cardiovascular and metabolic response at maximal 

exercise as compared to treadmill. In addition, the data suggests that this modality has 

many desirable features for assessment in the laboratory and use in the fitness industry. 

It is an excellent tool for measuring peak physiological variables (VO, HR, RPE, 

RER) in young adults when it is not possible or desirable to use a treadmill. It has 

demonstrated to be highly reliable from day to day (r=.91) while maintaining a good 

relationship with the treadmill (r = 0.81). Future research on this equipment could focus 

on submaximal responses when compared to the treadmill as well as the cross-validation 

of this study across populations. The MET values on the display panel are estimations 

and it would be beneficial to investigate their relation to actual MET values of subjects 

while exercising, as well. 
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TABLE I: 

Characteristics 

Age 

Height 

Weight 

BMI 

PkVO,TM 

PkKHR 

DESCRIPTION OF SUBJECT CHARACTERISTICS 

Units 

(years) 

(cm) 

(kg) 

(kg/m’) 

(ml) 

(bpm) 

Mean + SE 

23.5 +0.7 

173.5 + 1.5 

74.142.7 

24.42 + 0.75 

3191 +157 

181.5+41.3 

35 

Range 

18-32 

158.0 - 187.0 

51.2 - 120.5 

16.97 - 38.90 

2103 - 5132 

154 - 201



TABLE I: 

Variables 

VO peak (L/min)* 
(range) 

Heart Rate (bpm) 

(range) 

RPE(O) 

(range) 

RPE(L) 

(range) 

RER 

(range) 

VE (L/min) 

(range) 

Maximal Exercise Test Responses: Mean Values + SD 

Treadmill 

3.2+0.2 

2.1-5.1 

193 + 8.8 

189-210 

17.8 + 1.4 

13 - 20 

17.8+0.2 
15-20 

1.26+.01 

L.41- 1.45 

112.3443 

65.8 - 172.8 

Stepper 1 

2.7+0.1 

2.0-3.9 

183 + 10.0 

175-201 

17.1 +1.6 

15-19 

180+ 1.5 

17-20 

1.24 + 0.06 
1.23-1.41 

103.5 + 30.4 

82-169 

* denotes a statistical significance (p< 0.05) 
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Stepper 2 

2.5 +0.7 

2.0-4.1 

181.9+9..6 

176-201 

16.04 1.7 

15-20 

17.5+4+1..5 

17-20 

1.26 + 0.07 

1.21-1.45 

107.9 + 33.3 

85-173



TABLE Ill: STEPPER INCREMENTAL PROTOCOL 

    

Stage Time Plates Speed METS Plates Speed METS 

1 1 min 4 2 * 6 2 * 

2 2 min 4 3 * 6 3 * 

3 3 min 4 4 * 6 4 * 

4 4 min 4 5 * 6. § * 

5 5 min 4 6 * 6 6 * 

6 6 min 4 7 * 6 7 * 

7 7 min 4 8 * 6 8 * 

8 8 min 4 9 * 6 9 * 

9 9 min 4 10 * 6 10 * 

10 10 min 4 11 * 6 11 * 

11 11 min 4 12 * 6 12 * 

12 12 min 4 13 * 6 13 * 

13 13 min 4 14 * 6 14 * 

* This measure is dependent on the body weight of the subject. 
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TABLE IV: TREADMILL INCREMENTAL PROTOCOL 

  

Stage Time Grade Speed 

warm-up 1 min 5% 3 mph 

warm-up 2 min 5% 3 mph 

warm-up 3 min 5% 3 mph 

warm-up 4 min 5% 3 mph 

1 1 min 0% * 

2 2 min 1% * 

3 3 min 2% * 

4 4 min 3% * 

5 5 min 4% * 

6 6 min 5% * 

7 7 min 6% * 

8 8 min 7% * 

9 9 min 8% * 

10 10 min 9% * 

11 11 min 10% * 

12 12 min 11% * 

* speed was a self-selected jogging/running pace individually determined by the subject 
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TABLE V: CONSTRUCT VALIDITY 

Treadmill Results 

Heart Rate 

(HR>85% age pred. Max.) 

RPE (717) 

RER (> 1.10) 

Stepper Results 

Heart Rate 

(HR >85% age pred. Max.) 

RPE (-17) 

RER (>1.10) 

# that met criteria 

25/25 

23/28 

26/28 

27/28 

13/28 

28/28 

39 

% that met criteria 

100% 

82% 

90% 

96% 

46% 

100%



FIGURE 1: STEPPER VO, VS. TREADMILL VO, WITH 
REGRESSION LINE 
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CHAPTER IV: SUMMARY AND RESEARCH RECOMMENDATIONS 

Summary 

Measuring peak VO, is an important health assessment used to indicate 

cardiorespiratory fitness, prescribe exercise and diagnose heart abnormalities (1, 2). The 

recently introduced inclined stepper is an appropriate tool for measuring peak VO, on 

individuals when using a treadmill is either not desirable or available. Twenty-eight 

healthy college-aged (17-31) males and females were screened, gave their informed 

consent and received orientation to experimental procedures prior to participation in the 

study. Subjects performed two maximal exercise bouts on the stepper and one on the 

treadmill with at least 48 hours between each test. Pearson’s r correlation revealed the 

estimated test-retest reliability of the stepper incremental protocol to be 0.91. That is, 

83% of the variance of peak VO, values obtained on the first incremental protocol was 

accounted for by the differences in peak VO, obtained n the second stepper incremental 

protocol. The relationship between the stepper VO peak and the treadmill VO speak was 

determined to be 0.81. That is, 66% of the variance of peak VO, values obtained on the 

best stepper protocol was accounted for by differences in values of peak VO, obtained on 

the treadmill ramp protocol. Construct validity showed the stepper to be a valid mode for 

maximal exercise. The highest value for the stepper was selected for each subject and 

compared to the treadmill. Given performance on the stepper ergometer, the predictive 

equation for treadmill performance is Y = 326 + 0.734X (r° = 0.89). Body Mass Index, 
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height, weight and age did not significantly (p>0.05) alter the predictive ability of the 

stepper. 

Research Implications 

The results of this study indicate that the stepper incremental protocol 

demonstrates adequate test-retest reliability for the measurement of peak VO). 

Researchers, therefore, can administer the stepper incremental protocol with confidence 

that the results will not vary significantly from day to day. The stepper protocol also has 

a good relationship with the treadmill in obtaining peak VO,, although the results are 

lower (r = 0.81) than what other designs have demonstrated (10, 18). This study also 

found that peak VO, on the stepper can be used to predict peak VO, on the treadmill, 

when gender is accounted for. This could be performed when a treadmill is not available, 

the individual has limitations which keep them from performing uphill running or the 

individual uses the stepper as their main training mode. 

Recommendation for Future Research 

Primary focus for continued research on the should be on the cross validation of 

this study and its methods across populations. The results of this study only apply to 

apparently healthy college-aged males and females. It would be extremely valuable to 

collect data on other populations of individuals, such as those who are older, diagnosed 

with cardiovascular disease or at different levels of cardiorespiratory fitness. The results 

of this study do not have the ability to predict what responses will occur for these other 

populations. Holland (1988) found no differences in a number of physiological variables 

42



and clinical manifestations at peak exercise on a treadmill and a revolving-stair ergometer 

in a phase III cardiac population. Unfortunately, as has been stated earlier, different step 

ergometer designs tend to elicit different responses. The inclined stepper needs to be 

assessed in light of this. The introduction of the stepper opens up avenues of research for 

both fitness and clinical uses. 

In the realm of fitness, the effect of training with the inclined stepper on an 

individual’s level of cardiorespiratory fitness and leg strength needs to be assessed to 

determine its efficacy. Other steppers have shown increases in both fitness and leg 

strength after training (10). Because the stepper is designed to provide both strength and 

cardiorespiratory benefits (21), training protocols need to be explored to determine their 

effect on parameters, such as leg strength, cardiorespiratory endurance and lactate 

threshold. This would be of great value to fitness professionals who are responsible for 

the training regimens of competitive athletes, as well as those desiring weight loss, 

increased muscle mass, etc. 

The determination of linearity of physiological responses during submaximal 

levels of exercise would also be very useful. This data would aid in the prescription of 

exercise intensity levels on the . Clinicians would greatly benefit from the determination 

of linearity of physiological responses, because it would then be possible to implement a 

submaximal stepping test to estimate peak VO; through the process of heart rate 

extrapolation. This method is useful when maximal testing is contraindicated or 

otherwise undesired (1). 
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Another important area of research is the development of ways to improve the 

predictive ability of maximal performance on the treadmill. It is possible that individuals 

with larger leg mass or lower body strength would perform better on the stepper because 

of the large load placed on the quadriceps during exercise. Research is needed to 

determine if individuals, such as those who perform step aerobics, weight trainers, 

cyclists, etc. will perform better because of the muscular and biochemical adaptations 

which have taken place in their lower extremities. Measuring a larger array of 

anthropometric variables, such as lower limb weight, length , girth and strength would 

possibly increase the predictive ability of the stepper. 

The design of a symptom-limited exercise protocol for cardiac patients who are 

unable to perform uphill treadmill running would be helpful in the rehabilitation of these 

individuals. More importantly would be the assessment of blood pressure, heart rate and 

MET level for this population during various stages of submaximal loading. This would 

greatly benefit exercise physiologists working in Phase II and III cardiac rehabilitation 

who would like to implement stepping exercise in their program due to the fact that many 

patients must climb stairs at their home. 
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METHODOLOGY 

Subjects 

Twenty-eight apparently healthy men (n=14) and women (n=14) were recruited 

on a volunteer basis for the exercise study. Descriptive characteristics of the 28 subjects 

are presented in Table 1. 

Each subject was screened for health problems with the Physical Activity 

Readiness Questionnaire (PARQ) (appendix B) and any “yes” answer on the first seven 

questions was cause for exclusion from the study. Subjects free of exclusion criteria then 

gave their informed consent (Appendix C) as approved by the Human Investigation’s 

Committee at Virginia Polytechnic Institute and State University. Subject data remained 

confidential throughout the use of subject identification numbers. 

Orientation Procedures 

The orientation consisted of written and oral explanation of all procedures. 

Subjects were familiarized with testing procedures, laboratory equipment and the inclined 

stepper . To ensure proper data collection the subjects practiced breathing through the 

mouthpiece while wearing the noseclip during exercise on both the stepper and treadmill 

with suggestions provided concerning technique. The subjects exercised on the stepper at 

three different intensity levels: low, medium and high. This allowed the subject to 

experience the discomfort in the quadriceps which accompanies high intensity exercise 

on the stepper and also let them know what to expect during the testing sessions. The 
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subjects also exercised on the treadmill at low, medium and high intensities. During this 

time, the subjects were asked to select a speed which was fairly comfortable to them and 

they could jog at for approximately 15 to 20 minutes. This speed was then used for their 

treadmill protocol. The sessions lasted approximately fifteen to twenty-five minutes. 

Experimental Procedures 

Each subject was tested three times, once on the treadmill and twice on the 

stepper at approximately the same time of day. All tests were maximal and continued 

until overall fatigue or some other limiting factor terminated the test. Ratings of 

Perceived Exertion (RPE) for overall and legs were assessed every two minutes and HR 

was assessed one minute into every stage. Testing on the stepper for each subject 

occurred twice with at least 36 hours between sessions. This allowed for an adequate 

recovery time. At the beginning of each session, the subject was questioned to determine 

if they had adhered to the exercise and eating restrictions. If they had not, then testing 

was rescheduled for the next day, if possible. To account for the effect of test order, half 

the subjects were tested on the treadmill first and then the stepper, while half were tested 

on the stepper first and then the treadmill. 

Maximal Treadmill Protocol 

For the maximal treadmill tests (Table IV), subjects warmed up at 3.0 miles per 

hour and 5% grade for three minutes. At the end of the warm-up, the grade was lowered 

to 0% and the speed was increased to a jogging speed. The jogging speed varied for 

individuals because they were allowed to self-select it during the initial orientation after 
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they had been informed that the speed needed to be a comfortable pace that they could 

manage for approximately twenty minutes. The importance of being accurate in this 

selection and avoiding choosing either a very slow or fast speed was emphasized many 

times. This allows for variability in actual subject fitness levels while still finishing the 

test within the recommended 8 to 12 minutes. After a three minute warm-up at 3 

mph/5% grade, the subjects were lowered to 0% grade and increased to their preselected 

jogging speed. The grade was then increased by 1% for every minute of exercise 

completed until exhaustion. During the test RPE and HR were assessed at predetermined 

intervals, while expired gas was measured continuously. 

Maximal Stepper Protocol 

The incremental stepper protocol (Table III) was conducted in a slightly different 

manner because of the unique suspended weight design of the machine. The plates were 

set at a certain number and remained there throughout the entire test. Due to varying leg 

strengths between men and women, men were tested using 6 plates and women were 

tested using 4 plates. These levels were chosen based on pilot data which was collected. 

The exercise intensity was increased by manipulating the speed (steps per minute). 

Each subject began at the second intensity level (the first is much too slow) and 

the speed was increased at the end of every minute. Because the stepper is programmed 

to increase by set MET increments only, the intensity level can only be manipulated up or 

down by the smallest increment programmed into the computer. This increment varies 

between stages according to the subject’s body weight and number of plates being used. 
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The “self pace” mode was used which has 14 different intensity levels. Since each 

subject began at the second level, then there were 13 possible minutes of incremental 

exercise. It was pre-determined that if a subject achieved this level and could continue 

exercising then they would remain at that intensity until they fatigued. However no 

subject achieved this. 

There was some difficulty involved with matching the protocols on the treadmill 

and stepper due to the design of the equipment. Workload increments were not matched 

by power output, but rather on the basis of smooth, equal progressions in the allotted 8-12 

minute optimum window for each separate mode. It was decided, therefore, to increase 

both modes by their respective increments at one minute intervals. The treadmill was 

increased by 1% grade and the stepper was increased by one pre-programmed level which 

was equivalent to approximately 1-1.5 METS. 

Open-circuit spirometry was used to collect metabolic data during all exercise 

bouts. Expired ventilation, oxygen and carbon dioxide content were measured using a 

Medical Graphics CPX (Minneapolis, MN) metabolic cart. Breath-by-breath 

measurement was made with 8 breath averaging for analysis. Subjects wore a nose clip 

and breathed through a standard disposable mouthpiece, which allows inspiration of room 

air. Three standard ECG electrodes were placed on the chest of each subject for 

attachment to the Lifepak 9 monitor. 

All tests were supervised by an ACSM certified Exercise Specialist with current 

American Heart Association CPR certification and performed in the Laboratory for 
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Health and Exercise Science (230 WMH). A graduate student in Exercise Science with 

AHA CPR certification and experience with maximal exercise testing was also present 

during the testing procedures. The facility contained emergency equipment and a phone 

for notification of rescue personnel, if necessary. 

Data Analysis 

The subject sample was described using means and standard errors of the mean. 

Pearson’s product-moment correlation was used to estimate stability-reliability between 

trial one and trial two for the stepper incremental protocol. Pearson’s correlation was 

also used to estimate the relationship between the treadmill as the criterion measure, and 

the stepper ergometer incremental protocol. Balanced ANOVA’s were used to calculate 

correlation’s. Step-wise regression for anthropometric measurements of peak VO, on the 

stepper was used to determine adequate predictors of peak vo, on the treadmill. The 

measurements included gender, height, weight, age and BMI. Constructive validity was 

also assessed. All statistics were calculated using the MINITAB program. 

Research Hypotheses 

H,,;: There was no relationship between peak VO, values obtained in trial 1 and trial 2 

on the step ergometer incremental protocol. 

Test - Pearson’s Product-Moment Correlation 

Conclusion - Reject the hypothesis r=0.91 (r’=0.83) 
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There was no relationship between peak VO, values obtained on the step 

ergometer incremental protocol and those obtained on the treadmill incremental 

protocol. 

Test - Peason’s Product-Moment Correlation 

Conclusion - Reject the hypothesis r=0.81 (1°=0.66) 

There was no predictive ability of peak VO, values on the stepper in the 

determination of peak VO, on the treadmill. 

Test - Step-Wise Regression Analysis 

Conclusion - Reject the hypothesis 

Regression Equation Y= 326 + .734X r’=0.89 
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YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

Physical Activity Readiness Questionnaire 

{. Has your doctor ever said that you have heart trouble? 

2. Do you have chest pain brought on by physical activity? 

3. Have you developed chest pain within the past month? 
4. Do you tend to lose consciousness or fall over as a result of dizziness? 

5. Do you have a bone or joint problem that could be aggravated by the 

proposed physical activity? 

6. Has a doctor ever recommended medication for your blood pressure or 

a heart condition? 

7. Are you aware, through your own experience or a doctor’s advice, of 

any other physical reason against your exercising without medical 
supervision? 

Major Coronary Risk Factors 

Has a doctor ever told you that you have high blood pressure? 

Have you ever been told that you have high cholesterol (<=240 mg/dL)? 

Has a doctor ever told you that you have diabetes mellitus? 
Have you ever smoked cigarettes? 

Has anyone in your family been diagnosed with heart disease or other 

atherosclerotic disease before the age 55? 

Medications 

Are you currently taking any medications? 

If “yes” then list: 

For what reason? 
  

  

The above questions have been answered truthfully and to the best of my knowledge. I 
am not withholding any information regarding my health status which would place me at 
increased risk of injury or cardiovascular problems by participating in this study. 

Participant Signature Date 
  

Witness Signature Date 
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants of 

Inclined Stepper Project 

Title of Project: Stability-reliability and Relationship of a Ramping Protocol in 
Determining Peak VO2 in Young Adults on the Stairmaster 

Principal Investigator: Cody L. Sipe 

I. PURPOSE OF THIS RESEARCH/PROJECT 

You are invited to participate in a study about oxygen consumption during 

exercise on the inclined stepper machine. This involves experimentation for the purpose 

of assessing the stability-reliability and relationship of a protocol on this equipment. 

Il. PROCEDURES 
Prior to inclusion in the exercise protocol, you will be given a Physical Activity 

Readiness Questionnaire to determine if you have any health problems which would 

exclude you from this study. You will report to the Laboratory for health and Exercise 
Sciences a total of 4 times. The first will consist of a brief orientation and will include 
height and weight measurements and practice on the equipment. This session will last no 

more than 25 minutes. You will then randomly be assigned a maximal treadmill test and 
two maximal inclined stepper tests with no more than 72 hours between each test. 

Pulmonary gas exchange will be collected during all exercise bouts. This requires 

you to wear a mouthpiece and nose clip throughout exercise. In addition, three electrodes 

will be placed on your chest to monitor heart rate. Each testing protocol will require 

approximately 30 minutes. 

During each test you will be monitored by either a registered nurse or a certified 

Exercise Physiologist and a graduate student with current CPR certification. 
The possible risks associated with maximal exercise testing include muscle 

soreness. 

Ul. BENEFITS OF THIS PROJECT 

Your participation in this project will provide valuable information that may help 

determine the value of this machine in cardiac rehabilitation and will lay the groundwork 

for more testing which is to come. In addition, you will receive information regarding 

your physical conditioning and exercise tolerance. 

IV. EXTENT OF ANONYMITY AND CONFIDENTIALITY _ 
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The results of this study will be kept strictly confidential. At no time will the 

researchers release the results of the study to anyone other than individuals working on 

the project without your written consent. The information you provide will have your 

name removed and only a subject number will identify you during analyses and written 
reports of the research. 

V. COMPENSATION 

There is no monetary or course credit compensation available for participation in 

this project. However, each subject will have the satisfaction of participating in a 

research study which may clarify the results of many previous efforts. 

VI. FREEDOM TO WITHDRAW 

You are free to withdraw from this study at any time without penalty. 

VII. APPROVAL OF RESEARCH 

This research project has been approved, as required, by the Institutional Review 

Board for projects involving human subjects at Virginia Polytechnic Institute and State 

University and the Department of Health and Physical Education. 

Vill. SUBJECT’S RESPONSIBILITIES 

I know of no reason I cannot participate in this study. I have the following 

responsibilities: 

1. Accurately complete PAR-Q 

2. Refrain from exercise 24 hours prior to testing 

3. Refrain from eating 3 hours prior to testing 
4. Report any unusual symptoms during exercise to the researchers 
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IX. SUBJECT’S PERMISSION 

I have carefully read the informed consent and fully understand the 

procedures and conditions of this project. All of my questions have been adequately 
addressed and I consent to freely participate in this research project. 

If I participate, | may withdraw at any time without penalty. I agree to abide 

by all the rules of this project. 

Should I have any questions about this research or its conduct, I will contact: 

  

Cody L. Sipe Investigator 552-0290 

Shala E. Davis, Ph.D. Dept. Of Exercise Science 231-5549 

Ernest Stout Chair, IRB (Research Division) 231-6077 

Subject’s Signature Date 
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Descriptive Statistics 

Variable N Mean Median StDev SEMean 

Age 28 23.536 22.500 3.616 0.683 
Ht(cm) 28 173.50 173.00 8.12 1.53 
Wt(kg) 28 74.10 70.95 14.52 2.74 
BMI 28 24.417 23.785 3.983 0.753 
TMpkvo2 28 3191 2992 831 157 
STpkVO2a 28 2571 2612 660 125 
STpkVO2b —_.28 2651 2547 677 128 

Variable Min Max 

Age 18.000 32.000 

BMI 16.970 38.900 
TMpkVO2 — 2103 5132 
STpkVO2a 1605 3944 
STpkVO2b 1671 4080 

Correlation (Pearson’s Product-Moment) 

Correlation of trial | and trial 2 of the stepper incremental protocol: 

r= 0.91 (r? = 0.83) 

Correlation of best stepper trial and treadmill trial: 

r= 0.81 (1°=0.66) 

Construct Validity 

Treadmill Results # that met criteria % that met criteria 

Heart Rate 25/25 100% 

(HR>85% age pred. Max.) 

RPE (17) 23/28 82% 

RER (71.10) 26/28 90% 
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Stepper Results 
Heart Rate 27/28 96% 

(HR >85% age pred. Max.) 

RPE (>17) 13/28 46% 

RER (1.10) 28/28 100% 

Regression Analysis 

The regression equation for the treadmill trial (Y) and the best stepper trial (X) is: 

Y = 326 + 0.734X 

R-Squared = 0.89 

Step-Wise regression for anthropometric measurements of peak VO, on the stepper found 

gender to be an adequate predictor of peak VO, on the treadmill. Age, height, weight and 

BMI were not found to be significant predictors of treadmill performance. 
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TABLE I: 

Characteristics 

Age 

Height 

Weight 

BMI 

PkVO,TM 

PkHR 

DESCRIPTION OF SUBJECT CHARACTERISTICS 

Units 

(years) 

(cm) 

(kg) 

(kg/m’) 

(ml) 

(bpm) 

Mean + SE 

23.5 +0.7 

173.54 1.5 

74.142.7 

24.42 + 0.75 

3191 +157 

181.5+1.3 

64 

Range 

18-32 

158.0 - 187.0 

51.2 - 120.5 

16.97 - 38.90 

2103 - 5132 

154 - 201



TABLE II: 

Variables 

VO opeak (L/min)* 

(range) 

Heart Rate (bpm) 

(range) 

RPE(O) 

(range) 

RPE(L) 

(range) 

RER 

(range) 

VE (L/min) 

(range) 

Maximal Exercise Test Responses of Subjects: Mean Values + SD 

Treadmill 

3.2+0.2 

2.1-5.1 

193 +8.8 

189-210 

17.8+1.4 

13 - 20 

17.8+0.2 
15 - 20 

1.26 + .01 
L.11- 1.45 

112.3443 

65.8 - 172.8 

Stepper I 

2.7+0.1 

2.0-3.9 

183 + 10.0 

175-201 

17.1 +1.6 

15-19 

18.0+ 1.5 
17-20 

1.24 + 0.06 

1.23-1.41 

103.5 + 30.4 

82-169 

* denotes a statistical significance ( p > 0.05 ) 
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Stepper 2 

2.5+0.7 

2.0-4.1 

181.94 9..6 

176-201 

16.0+1.7 

15-20 

17.54 1..5 
17-20 

1.26 + 0.07 

1.21-1.45 

107.9 + 33.3 

85-173



TABLE III: STEPPER INCREMENTAL PROTOCOL 

    

Stage Time Plates Speed METS Plates Speed METS 

1 1 min 4 2 * 6 2 * 

2 2 min 4 3 * 6 3 * 

3 3 min 4 4 * 6 4 * 

4 4 min 4 5 * 6 5 * 

5 5 min 4 6 * 6 6 * 

6 6 min 4 7 * 6 7 * 

7 7 min 4 8 * 6 8 * 

8 8 min 4 9 * 6 9 * 

9 9 min 4 10 * 6 10 * 

10 10 min 4 11 * 6 11 * 

11 11 min 4 12 * 6 12 * 

12 12 min 4 13 * 6 13 * 

13 13 min 4 14 * 6 | 14 * 

* This measure is dependent on the body weight of the subject. 
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TABLE IV: TREADMILL INCREMENTAL PROTOCOL 

  

Stage Time Grade Speed 

warm-up 1 min 5% 3 mph 

warm-up 2 min 5% 3 mph 

warm-up 3 min 5% 3 mph 

warm-up 4 min 5% 3 mph 

1 I min - 0% * 

2 2 min 1% * 

3 3 min 2% * 

4 4 min 3% * 

5 5 min 4% * 

6 6 min 5% * 

7 7 min 6% * 

8 8 min 7% * 

9 9 min 8% * 

10 10 min 9% * 

11 11 min 10% * 

12 12 min 11% * 

* speed was a self-selected jogging/running pace individually determined by the subject 
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TABLE V: CONSTRUCT VALIDITY 

Treadmill Results # that met criteria % that met criteria 

Heart Rate 25/25 100% 

(HR>85% age pred. Max.) 

RPE (>17) 23/28 82% 

RER (> 1.10) 26/28 90% 

Stepper Results 

Heart Rate 27/28 96% 

(HR >85% age pred. Max.) 

RPE (17) 13/28 46% 

RER (71.10) 28/28 100% 
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FIGURE 1: STEPPER VO, VS. TREADMILL VO, WITH 

REGRESSION LINE 
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DEFINITIONS FOR RAW DATA 

Ss - The subject number. 

Bout - 1 = Treadmill trial 
2 = Stepper | trial 

3 = Stepper 2 trial 

PKHR - Peak heart rate 

PkVO,- The highest average of three consecutive oxygen uptake values measured in 

milliliters. 

RPE(L) - Rating of Perceived Exertion for the lower extremities only. 

RPE(O) - Rating of Perceived Exertion for overall including legs and cardiorespiratory 

function. 

PKVE - Highest ventilation recorded using eight breath averaging. 

PkKRER - Highest Respiratory Exchange Ratio measured during the exercise bout. 

PkVCO, - Highest expired carbon dioxide value measured expressed in milliliters. 

Gender - 0=male, |=female 
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RAW DATA: EXPERIMENTAL 

Ss Bout pkHR pkVO2 RPE(L) RPE(O) pkVE pkRER  pkVCO2 
I 1 192 3859.00 20 19 163.4 1.18 4506 
1 2 180 2877.33 17 16 125.8 1.25 3624 
1 3 180 3091.33 18 16 151.8 1.33 4085 
2 1 189 2489.33 16 16 82.8 1.12 2782 
2 2 175 2040.00 16 15 73.7 1.35 2725 
2 3 175 = 1995.33 15 15 72.3, 1.28 2563 
3 1 202 4250.67 20 19 132.2 1.13 4823 
3 2 178 3374.67 20 16 129.7 1.25 4272 
3 3 184 3382.67 19 16 130.7 1.21 4092 
4 J 195 2466.00 19 18 78.0 1.09 2660 
4 2 196 1999.67 18 18 80.0 1.22 2491 
4 3 186 1912.67 16 15 81.3 1.23 2422 
5 1 190 2456.00 19 18 80.7 1.14 2817 
5 2 185 2148.33 19 18 74.8 1.23 2690 
5 3 184 2271.67 16 1S 86.3 1.24 2822 
6 1 206 =2118.00 20 18 74.2 1.12 2316 
6 2 201 1701.33 17 16 88.6 1.41 2445 
6 3 200 = =1671.33 20 18 84.3 1.45 2412 
7 1 200 4491.67 20 20 158.2 1.20 5367 
7 2 188 3944.33 20 19 142.4 1.24 4948 
7 3 192 4080.00 20 19 172.8 1.25 4116 
8 1 196 2925.33 18 18 110.6 1.22 3539 
8 2 185 2348.67 19 17 88.7 1.20 2810 

8 3 185 2386.67 17 17 98.1 1.29 3164 
9 1 178 4517.67 18 16 170.9 1.10 5061 
9 2 183 3493.00 20 17 154.3 1.17 4072 
9 3 184 3552.00 18 16 163.9 1.26 4374 
10 1 210 2103.00 20 19 90.5 1.15 2405 
10 2 180 = 1605.33 19 17 72.8 1.23 1988 
10 3 185 1718.00 20 19 80.2 1.18 2113 
Ih J * 4597.33 * 19 147.2 1.18 5027 
11 2 172 3254.00 20 19 135.5 1.26 4164 
11 3 176 3390.33 19 17 159.8 1.26 4326 
12 1 180 2617.67 18 17 93.1 1.13 2999 
12 2 182 2276.33 18 17 96.8 1.23 2835 
12 3 180 2250.33 18 17 99.6 1.22 2840 
13 1 * 3919.00 * 19 139.6 1.18 4656 
13 2 196 3077.33 17 16 156.1 1.40 4313 
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2523.00 

1863.00 

2059.00 

3450.33 

3237.33 

3407.33 

3517.33 

3079.33 

3164.33 

2536.67 

1637.50 

1933.00 

2216.67 

1843.33 

1885.00 

3983.67 

2869.67 

3182.33 

2575.67 

1998.33 

2217.33 

2154.67 

1747.00 

RPE(L) RPE(O) pkVE 
17 

17 

19 

19 

20 

19 

20 

16 

18 

18 
* 

19 
17 
17 

17 

17 
19 

19 

15 

17 

17 

17 

19 

17 

16 

18 

15 

18 

19 

16 

17 
19 

18 

19 

17 

16 

15 

19 

19 

19 

19 

19 

17 

17 

19 

19 

20 

19 

20 

16 

18 

18 

19 

17 

16 

15 

13 

15 

18 

16 

13 

15 

15 

15 

18 

16 

15 

17 

14 

16 

{8 

15 

15 

19 

17 

18 

17 

15 

14 

{8 

18 

17 

18 

18 

73 

156.1 

105.9 

108.4 

107.5 

151.8 

168.8 

161.5 

111.8 

102.4 

108.2 

138.0 

139.9 

153.4 

107.8 

90.4 

123.8 

171.6 

148.3 

143.2 

80.0 

65.8 

78.3 

106.8 

116.6 

153.3 

126.4 

136.7 

136.1 

97.8 

67.6 

88.2 

85.1 

92.7 

74.8 

131.2 

112.7 

117.7 

98.3 

86.6 

92.1 

82.6 

78.3 

pkRER 

1.35 

1.19 

1.35 

1.32 

1.19 

1.21 

1.23 

1.10 

1.20 

1.18 

1.17 

1.25 

1.26 

1.16 

1.26 

1.36 

1.18 

1.27 

1.34 

1.13 

1.22 

1.26 

1.14 

1.27 

1.30 

1.16 

1.23 

1.20 

1.23 

1.24 

1.21 

1.17 

1.27 

1.20 

1.11 

1.12 

1.11 

{.20 

1.23 

1.23 

1.18 

1.32 

pkVCO2 
4192 

3625 

3453 

3233 

4421 

4031 

3983 

3190 

2667 

2971 

5169 

4047 

4309 

3892 

3429 

3952 

4558 

3942 

3798 

2931 

2303 

2652 

3828 

4074 

4480 

4064 

3862 

3831 

3146 

2044 

2265 

2653 

2297 

2252 

4451 

3382 

3439 

3099 

2476 

2722 

2552 

2398 

gender 
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Ss 

27 

28 

28 

28 

Bout 

3 

2 
3 

pkHR pkVO2 
191 =: 1748.33 
190 2984.00 
160 2733.00 
164 2707.00 

RPE(L) RPE(O) pkVE pkRER 
17 

19 

15 

17 

17 
19 
13 
i) 

74 

78.3 1.30 
81.6 1.01 
104.5 1.24 
96.2 1.16 

pkVCO2 

2308 
3168 
3418 
3207 

gender 

o
o
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University, a private Christian school, in Searcy, AR. There he was involved in a number 
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Shantih women’s social club, speaker for the University Student Lectureships, 

Campaigns Northwest and a large involvement in intramural and club athletics. He 

graduated in 1993 with a B.A. in Youth Ministry. Later that same year, he married 

Lauren Jennifer Judd on August 21. 

Cody entered the master’s program at Virginia Polytechnic Institute and State 

University for Exercise Science in 1994, He worked as a graduate assistant in athletics 

during his enrollment. Cody will earn his Master’s degree from Virginia Tech in May of 

1996. 
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