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Training mode and intensity in relation to VT

In general, cardiovascular activity performed several days per week for 30 minutes is
recommended to obtain aerobic fitness, but there is a minimal intensity at which subjects
must work in order to see marked improvements in cardiovascular fitness. Working at or
above the intensity associated with ventilatory threshold is suggested by the following

studies in order to improve cardiorespiratory fitness

An exercise program below the intensity of VT may be inadequate stimulus to alter the
ventilatory threshold in patients with coronary heart disease. Additionally, changes in
VT do not necessarily explain increased treadmill time at low intensities (Sullivan et. al.
1985). However, a significant correlation was found between the absolute change in
peak VO2 and the absolute change in VO2 at VT. Forty-one subjects with coronary heart
disease were observed over a year long time period. The subjects were participants in an
exercise program for CHD patients. The experimental group was involved in monitored
exercise that consisted of 30-45 minutes of cardiovascular work, four to five times a
week. A control group was given a set of guidelines for home-based activities. Gas
analysis was used to determine VT both before and after training. Results of the study
suggest that exercise must be performed above VT in order to increase other

cardiorespiratory variables including peak VO2 and VT.
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Hill (1987) concluded that RPE at VT isn’t affected by training. This finding was
determined by dividing college-aged students (N = 27) into a control and an experimental
group, with the experimental group completing 18 interval-training sessions on a cycle
ergometer. Pre and post training variables (cardiorespiratory, metabolic, and perceptual)
were measured during graded exercise tests on a cycle ergometer. Post training results
were then analyzed using an ANCOVA, with pre training values used as covariates.
Although the experimental group subjects improved VO2 at VT, their RPE at VT did not

change.

Reybrouck et. al. (1986) conducted a study consisting of eleven healthy males in order to
evaluate maximal endurance performance based on the ventilatory threshold. The
subjects first completed either a Balke treadmill test (untrained subjects) or the Taylor
treadmill test (trained subjects) and ventilatory data was collected using a metabolic
system. Three separate treadmill tests were conducted during this study. This initial test
utilizing a Balke treadmill test was conducted in order to determine VO2 max. A second
set of tests were conducted to get an estimate of VT during short-term exercise using
either the modified Balke or the Taylor treadmill test, depending on the subjects® VO2
max. Finally, a third test was performed in order to predict VT during long-term exercise
based on data collected during a ten-minute treadmill run. Based on their findings, the
researchers concluded that VT during long-term exercise predicts maximal endurance
performance better than the threshold measured for short-term exercise or VO2 max.

This experiment was conducted to investigate past research that suggests that when
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exercise intensity is prolonged, a second threshold is reached where ventilatory and

metabolic variables reach a steady state.
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METHODOLOGY
Setting
Initial testing was conducted at Southgate Mall in conjunction with Community
Hospital’s Health Fair. The final testing was conducted at New Directions
Therapy Clinic.
Subjects
Sixty-three recreationally active adults were tested. Twenty-eight males (43.75+21.12
yrs. 28.44 +8.2 BMI) and thirty-five females (41.35+20.11 yrs. 25.22+4.05 BMI) were
tested. They were recruited from the aforementioned Health Fair.
Descriptive Data
A consent form approved by the IRB at the University of Montana was created to explain
the risks and procedures of the testing. Prior to actual laboratory ventilatory threshold
testing, subjects’ age, height, weight, and current activity level were obtained from an
activity questionnaire. The activity questionnaire is an updated version of the University
of Houston Non-FExercise Test, and modified by Gaskill et. al. It 1s designed to estimate
exercise duration, frequency, and intensity. Blood pressure testing was conducted at the
health fair and was recorded onto the activity questionnaire by the subject.
Exercise Testing
A modified Balke treadmill protocol was used for the laboratory measurement of VT. A
warm up consisted of walking three to five minutes at a low intensity, self selected pace
with no incline. The treadmill test consisted of continuous self-selected walking speed
with an initial grade of 0% that increased 1% every minute. A Parvo Medics metabolic

cart (Salt Lake City, UT) was used to collect expired gasses during the testing. The cart
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was calibrated both before and after each exercise session with known concentrations of
02 and CO2. Flow rate was calibrated using a 3 liter syringe. EKG data was collected
and recorded using a Physio-control Lifepack 12 portable defibrillator (Redmund, WA).
Limb leads, V2, and V5 were used to assess heart rhythms. Each minute, HR and RPE
were collected during the final ten seconds. When RER > 1.02, HR >85% age predicted
max heart rate (220-age), and/or RPE >15, the testing was terminated. These results are
typical of exercise intensities at 120% of VT and suggest that the subject had exceeded
VT. Following the exercise bout, a five-minute cool down walk was performed at a self-
selected, low intensity cadence with a 0% grade. 12 lead EKG tracings were obtained at
rest before testing, once during exercise, and immediately post exercise for individuals
with multiple risk factors. Metabolic data collected during the exercise test was
downloaded to a spreadsheet and a macro was used to print graphs for visual VT
determination. The graphs include plots of ventilatory equivalent, V-slope, and excess
CO2 methods. RER and RPE data were also evaluated in order to more accurately predict
VT. Two separate investigators picked VT independently and if agreement wasn’t
reached, the subject was eliminated from the data set or retested when possible.

At the time of the laboratory testing subjects were again asked to complete the
activity questionnaire, which was modified from University of Houston Non-Exercise
Test. During the lab visit, the questionnaire was completed during an interview process.
Modifications were added to allow for better estimation of intensity of exercise.
Research Design and Statistical Procedures
A stepwise multiple regression was used to analyze the data (p > .05) to determine those

factors from the activity questionnaire most related to VT and to develop a regression
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equation to estimate VT. The rejection level was set at R =0.15. Statistical calculations
were performed using GBstats software and further analyses was made using SAS
statistical software. Cross validation of the multiple regression formula was implemented

using a Bland-Altman plot.
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Figure 1.

Bland Aitman Plot-PRESS vs. Overall Prediction
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The Bland-Altman plot showing the difference between the individual PRESS-cross
validation VO,vt and the predicted VO,vt using the overall multiple regression model.
The average difference between the PRESS-cross validation VO,vt and the predicted
VO,vt using the overall multiple regression model was -0.657. Forty-four percent of the
data fall within one standard deviation, and 100% fall between two standard deviations.
The dotted lines represent one and two standard deviations.
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Table 1. Descriptive characteristics (mean + standard deviation)

N Age (years) Height (cm) Weight (kg) BMI
Total group | 63 | 42.11+20.43 171.75 £ 1195 | 76.24 £17.39 | 26.11 + 6.52
Low Fit |36 | 58.18 £13.47 171.25+£10.18 | 78.72+19.16 |25.58 +4.78
High Fit |27 | 23.23+5.39 171.09 £ 13.87 | 73.43 £ 14.88 | 25.54 £ 8.02
Males 28 | 43.75+21.12 178.35+£16.16 | 88.70 + 15.66 | 28.44 + 8.2
Females |35 | 41.35+20.11 165.59 + 7.08 66.55 £ 11.51 | 25.22+4.05




Multiple Regression Equations to predict Ventilatory Threshold in Total Group:

Equations 1-5 show the multiple regression equations for ventilatory threshold developed
using stepwise multiple regression analysis on the GBstats software. Further statistical

equations were performed using SAS software.

Equation 1: Total group treadmill test. R =.5057 R?=.2557

VT=(-.063248*age) + (2.191875*gender) + (-.049599*BMI) + (.205553*predicted VT)

+20.870173
e Age=years
e Gender = (1=males, 2=females)
e BMI = Body mass index (weight in kg/ height in meter?)
e Predicted VT = Predicted ventilatory threshold (based on sustainable fitness

questionnaire coding)

Equation 2: Group A treadmill test. R =.7067 R*=.4994

VT = (.061922*age) + (3.258274*gender) + (-1.021066* BMI) + (-.02642*predicted VT)

+40.845588
e Age=years
¢ Gender = (1=males, 2=females)
e BMI = Body mass index (weight in kg/height in meters?)
e Predicted VT = Predicted ventilatory threshold (based on sustainable fitness

questionnaire coding)
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Equation 3: Group B treadmill test. R=.6104 R? =.3726

VT = (.076049*age) + (-.474374*gender) + (.19841*BMI) + (.588745*predicted VT) +
3.144602

Age = years
Gender = (1=males, 2=females)
BMI = Body mass index (weight in kg/height in meters?)

Predicted VT = Predicted ventilatory threshold (based on sustainable fitness
questionnaire coding)

Equation 4: Female only treadmill test. R =.5417 R? =.2934

VT = (.062735*age) + (-.739509*BMI) + (.205863*predicted VT) + 36.840489

e Age = years
BMI = Body mass index (weight in kg/height in meters?)

e Predicted VT = Predicted ventilatory threshold (based on sustainable fitness
questionnaire coding)

Equation 5: Male only treadmill test. R=.651 R?=.4348
VT = (-.167874*age) + (.080293*BMI) + (.170189*predicted VT) + 24.848336
e Age = years

e BMI = Body mass index *weight in kg/height in meters®)

e Predicted VT = Predicted ventilatory threshold (based on sustainable fitness
questionnaire coding)
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ABSTRACT: PURPOSE: The purpose of this project was to predict VO, at the
ventilatory threshold (VO,vt) based on sustainable fitness data collected from self-report
questionnaires. Equations to predict VO,vt were developed based on descriptive data and
reported intensity of sustained exercise. METHODS: Male and female subjects (N=63)
each completed a Sustainable Fitness Questionnaire, compiled at the University of
Montana, to estimate average exercise expenditures. A graded treadmill test with
collection of metabolic gases was used to determine ventilatory threshold. During the
treadmill tests subjects walked at a constant self-selected speed and the treadmill grade
was increased one percent each minute. HR and RPE were collected each minute.
Following testing. the questionnaires were coded using the Compendium of Physical
Activities and maximal sustained VO; during exercise (VOasystained) Was estimated based
on these results. Stepwise multiple regression models were used to develop prediction
equations for VO»vt. Cross validation was completed using the Press cross validation
method. RESULTS: Sixty-three subjects with adequate determination of VT were
analyzed. When the group was analyzed as a whole, gender and VOaystaineq Were
significant at the p< 0.01 level when added to the stepwise regression model
(R?=0.4934). When multiple regression analysis was completed by gender the results
were 1mproved for the males (R*=0.6260), but was not improved for the females
(R*=0.4950). Separation by fitness level improved the predictive ability of the models.
For the lower fit group, both BMI and gender were added to the model (R?=0.6742), for
the higher fit group, BMI and maximal sustained VO, of reported activity levels were
added to the model (R*=0.7338). CONCLUSIONS: These data show that gender and
VO2sustained are significant predictors of VO, vt when analyzing diverse populations.
When multiple regression analyses were completed by gender, the results were improved
for the males but not the females. Separation by fitness levels also improved the
predictive ability of the models. Self reported intensity of activity improves the
prediction of VO, vt, especially in more fit individuals.

Keywords: Physical activity, Multiple Regression Equations
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Introduction:

Perceived exertion is the single best indicator of the degree of physical strain
(Borg, 1982). Subjects’ perceived exertion during exercise is typically closely matched
with exercise intensities measured by gas exchange methods. Although VO;max has
been used extensively in research and exercise prescription, ventilatory threshold (VT) is
rapidly becoming a more widely accepted method to evaluate cardiovascular fitness as a
point from which to prescribe aerobic exercise (Reybrouck, 1986; Tamai, 1993;
Londeree, 1997).

McArdle, et al. has shown that the maximal intensity of aerobic exercise that can
be sustained for an extended duration of several hours is just below an individual’s VT
(McArdle, 1996). VT also appears to be an excellent marker of the intensity of training
that is sustained during an aerobic training program. Recent evidence also suggests that
VO, at VT (VO,vt) values may help to evaluate if an individual’s aerobic fitness levels
are adequate to maintain health and reduce the risk for cardiovascular disease and
diabetes mellitus (Slivka, 2001).

Several laboratory methods are currently being utilized in order to determine the
intensity level at which VT occurs. V-slope, linear regression, Dmax, and CUSUM are
popular aids in establishing the point at which ventilation measurements become non-
linear. The first break in linearity in the V-slope, excess CO; and ventilatory equivalents
methods is commonly known as the ventilatory threshold. VT is generally associated
with the first rise in blood lactate seen during a progressive exercise text.

Current methods to measure VT are useful in laboratory research, but difficult to

use in the field or during activities of daily living. For large epidemiological studies, or

22

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



for health screening, it is not practical to obtain laboratory metabolic data on every
individual interested in improving cardiovascular fitness or who might be at risk for
cardiovascular disease (CVD). Due to the importance of VT for health and exercise
intensity, and in order to assist physicians and researchers alike, a non-invasive, self-
report, prediction method for VT would prove very useful. This study examines the
ability to predict VO, vt using descriptive data and information collected from a short
activity questionnaire.
Metheods:
Subjects

Sixty-three adults were evaluated for VT at our testing center. Thirty-six older
adults, including 18 males (60.2 yrs + 13.6) and 18 females (56.6 yrs + 12.5), were
recruited from a public health screening program at a local shopping mall. An additional
27 young adults, including 14 males (24.9 + 6.7 yrs) and 13 females (21.1 + 1.7 yrs) were
recruited from the Health and Human Performance Department at the University of
Montana. Descriptive data for the entire cohort and by group are shown in Table 1.

{(Proposed site for Table 1)

Activity questionnaire

During the visit to the laboratory, a consent form, approved by the IRB at the
University of Montana, was read and signed by all subjects prior to participation. Prior to
the start of metabolic testing, subjects completed an activity questionnaire which included
age and gender (Figure 1). Height and weight were measured following completion of

the activity questionnaire. (Proposed site for Figure 1)
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The activity questionnaire used in this study is a revised version of the University
of Houston Non-Exercise Test (Ainsworth et al, 2000), which we modified in an attempt
to better evaluate exercise intensity. Subjects were asked to complete the sustainable
activity questionnaire on which they reported mode, duration, frequency, and intensity of
exercise of common activities. The activities were later coded to estimate VO, of
reported sustained activities (VOasystained)- Coding was accomplished by assigning MET
levels to each recorded activity based on the subjects’ reported intensity levels using the
Compendium of Physical Activities (Ross et al, 1997). When actual intensity was not
recorded but entered only as easy, moderate or hard, the Compendium of Physical
Activities was again used to estimate MET levels.

Exercise Testing

A modified Balke treadmill protocol was used for the laboratory measurement of
VT. Subjects warmed-up by walking three to five minutes at a self-selected, low-
intensity, pace with no incline. After the warm-up the treadmill test consisted of
continuous self-selected walking speed with an initial grade of 0% that increased 1%
every minute. The younger group performed the same treadmill test, but the speed was
set at 4 mph (107.2 m/min). A Parvo Medics metabolic cart (Salt Lake City, UT) was
used to collect expired gasses during the testing. The cart was calibrated both before and
after each exercise session with known concentrations of O2 and CO2 and all data were
corrected for post-calibration drift when necessary. Flow rate was calibrated using a 3-
liter syringe with calibration over the range of expected ventilation rates.

For the older group, EKGs were continuously monitored using a Physio-control

Lifepack 12 portable defibrillator (Redmond, WA). Limb leads, V2, and V5 were used to
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assess heart rhythms. For the older group HR values were determined from the EKG
tracing while the younger group wore Polar HR monitors (Port Washington, NY). HR
and ratings of perceived exertion (RPE) were monitored continuously and recorded
during the final ten seconds of each 1-minute stage.

Tests were continued until subjects reached an RER > 1.02, HR >85% age
predicted max heart rate (220-age), and RPE >15. Our performance criteria for
determining when VT was exceeded are typical of exercise intensities at 120% of VT. In
a few cases we terminated the test without reaching all of the above criteria when we
were reasonably sure that the subject had exceeded VT or the subject requested that we
stop. Following the exercise session, a five-minute cool down walk was performed at a
self-selected, low intensity cadence with a 0% grade.

Metabolic data collected during the exercise test were downloaded to a
spreadsheet and a macro was used to print graphs for visual VT determination per the
methods of Gaskill et al (Gaskill, 2001). The VT graphs, which were independently
evaluated by three researchers, included plots of ventilatory equivalent, V-slope, and
excess CO; methods. RER and RPE data were also evaluated in order to more accurately
predict VT. If the independent investigators didn’t reach agreement on VO2vt, the
subject was eliminated from the data set or retested when possible.

Results:

Seventy-four subjects competed the testing. Sixty-three were used for the
analysis after VT was adequately determined and nine were rejected when consensus on
VT could not be reached. Simple correlations were performed comparing age, gender,

BMLI, and VOasusiaines When compared to measured VT, gender and VOisustained Were
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positively correlated while age and BMI were inversely correlated to VO,vt. Data is
shown in Table 2.

{(Proposed site for Table 2)

Stepwise multiple regression analyses (SAS version 7.0) were performed to
determine which independent variables best predict laboratory measurements of VO,vt.
Independent variables included in the regression model were age, gender, body mass
index (BMI), VOasustaines and meeting or not meeting the Surgeon General's exercise
recommendations for health. The stepwise rejection level was set at p< 0.15 and
significance was set at p<0.05.

When the group was analyzed as a whole, gender and VOj;ystained Were the only
two significant variables when added to the stepwise regression {Overall VO, vt =
2.626683 * gender + 0.292213 * VOasusiained + 14.044881, R=0.4935). When multiple
regression analysis was completed by gender the results were improved for the males
(Male VO,vt = -0.246888 * age + 34.934347, R=0.6260), but was not improved for the
females (Female VO,vt =-0.7272 * BMI + 47.564349, R=0.4950). Separation by fitness
level improved the predictive ability of the models. For the lower fit group, BMI and
gender were added to the model (Low fit VO,vt = -0.968257 * BMI + 3.259975 * gender
+50.352551, R = 0.6742). For the higher fit group, VO5 sustaineg and BMI were added to
the model (High fit VO,vt = 0.579021 * VOagustained + 0.207707 * BMI + 4.278847, R =
0.7338). Standard errors of the estimate ranged from 2.92 to 6.98 ml'kg ' 'min”'. The
regresston data are summarized in Table 3 and shown graphically in Figures 2 a-e.

(Proposed site for Table 3 and Figure 2 a-¢)
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Cross validation of the multiple regression formula was implemented using the
PRESS-cross validation method applied to the overall model (Holiday, et al., 1995). This
statistical method involves cross-validation of the data set and is achieved by removing
one subject at a time from the data set and running a multiple regression. After each
multiple regression is run, a correlation between each subjects VO, vt and the actual
equation 1s produced.

The PRESS correlation was run on 50 randomly selected subjects. The
correlation of predicted VO,vt for each subject individually estimated using the PRESS
method, compared to the predicted VO,vt using the overall equation was R = 0.8851.
Standard error of the estimate was calculated as —0.01 + 2.40 when comparing actual vs.
predicted ventilatory threshold for the overall group using the PRESS-cross validation
method.

A Bland-Altman plot to compare the Press validation data with the data from the
overall regression formula is shown in Figure 3. The Bland-Altman plots show that the
majority of the cross validation values are less than the standard error of estimate of any
of the individual models and are generally within + 5 ml/kg/min.

(Proposed site for Figure 3)

DISCUSSION:

VT appears to be an excellent marker of the intensity of training that is sustained
during an aerobic training program (Slivka, 2001). In addition several recent studies
have focused on the use of VT as an indicator of sustainable aerobic fitness (Reybrouck,
1983, Cunningham, 1985; Tamai, 1993; Gaskill, 2001). These studies suggest that VT is

an appropriate method for many individuals to predict their ability to sustain work.
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Recent evidence also suggests that VO, at VT (VO,vt) values may help to evaluate if
aerobic fitness levels are adequate to maintain health and reduce the risk for
cardiovascular disease and diabetes mellitus (Slivka, 2001).

Ventilatory threshold testing is an applicable exercise measurement from which
the general population can benefit. VT measurement currently is done in a laboratory
setting using a metabolic cart to collect expired gasses which are then analyzed for a
changes in the linearity with increasing work loads. The current data suggest that it is
possible to estimate VT using data obtained from descriptive measurements and self-
reported activities.

This study focused on a subject set that consisted of two fairly homogenous
groups. A low fit group of mainly older adults were taken through the questionnaire
process step-by-step. The more-fit group, comprised of younger adults, completed the
questionnaire without direct supervision. Although the low fit group completed the
questionnaires more accurately and more completely, the higher fit group appeared to be
better at estimating their exercise intensities when reporting the speed and amount of
exercise exertion. This better estimation of exercise intensity may have been because they
have had more exposure to, and information about, exercise intensity and generally
participate more regularly in physical exercise than do the older individuals.

The perception of exercise intensity reported by the younger population more
closely matched the metabolic data collected during the treadmill test, suggesting that this
group has a better perception of exercise intensity, which possibly led to more accurate

questionnaire answers. The higher fit group were thus more apt to know and report exact
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exercise intensities, such as speed, watts, METS, etc which resulted in better intensity
data to predict VO,vt.

Gender, BMI, age, maximal estimated VO, of sustained activities (VO,sustained),
and if individuals met the Surgeon General’s exercise recommendation for health, were
evaluated to develop equations for VT predictions. Simple correlations of the
independent variable with VO,vt suggested that gender and VOjsysiained Were positively
correlated. This reasonable simple correlation of 0.4387 between VO0,vt and VOasustained
suggests that as activity questionnaires are improved they may become even more useful
tools to predict VO,vt.

Meeting the Surgeon General’'s exercise recommendations for health did not enter
into any of the prediction equations and was poorly correlated to VO,vt. This is not
surprising due to the vague nature of the recommendation. The Surgeon General suggests
that exercise should occur most days of the week at a moderate intensity. This list of
activities includes exercising at a level that is sufficient to expend about 150-400 calories
of energy per day over a wide range of MET levels and appears to be a poor predictor of
VO2uvt.

Figure 2 shows the relationship between measured VO,vt and predicted VO, vt for
each of the models (overall, by gender and by fitness group). In all cases, the equations
tend to overestimate VO, vt for individuals with lower VO,vt values and to underestimate
individuals with higher VO,vt values, thus reducing the range of values in the estimates
while maintaining similar VO,vt averages. This underestimation of the lower fit is

probably due to both the nature of the questionnaire that lumps walking into only three

categories of slower, similar to, or faster than most individuals, and to the tendency of
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lower fit individuals to over report the intensity of activities. Likewise, the questionnaire
does not yet accurately tease out higher intensities of exercise unless individuals know
actual running, walking or cycling speeds. This was evidenced by the best multiple R
value in the higher fit group where many of the individuals were able to report actual
running and cycling speeds. Proposed revisions to the activity questionnaire (Figure 4)
may help to answer intensity questions in future studies.

(Proposed site for Figure 4)

Another possible error contributing to the estimation error could be in the duration
of activities. There are no reports in the literature suggesting the duration of activity
necessary to improve VT. Data from the HERITAGE Family Study (Gaskill, 2001) show
that VT after 20 weeks of training 3 times a week for 50 minutes resulted in VO»vt values
strongly related (R>0.84) to the VO; cost of the cycle training. However many
individuals may be reporting activities which they do infrequently. Further analysis may
find that there is some critical duration necessary for VO, vt to respond to the increased
intensity of the activity.

The results of this study suggest that estimated VO2vt is generally overestimated
at low intensities and underestimated at high intensities. These data suggest that the
questionnaire needs revision in order allow the subject to provide more specific exercise
intensities. The results yield desirable numbers when the exercise intensity is average,
but fail to be accurate at intensities that are higher or lower than the mean.

The current research suggests that using both descriptive and activity
questionnaire data it is possible to predict VO2vt with a moderate (4-6 ml/kg/min)

standard deviation. As activity questionnaires are developed that better detect exercise
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intensities, especially in less active populations, it will become possible to reduce the
standard deviation of the estimates from 4-6 ml/kg/min to less than 4 ml/kg/min. Future
research should include a revised questionnaire to better identify intensity of sustained
activities and a larger, more heterogeneous sample population.

It is not always feasible or affordable to test VT in a laboratory setting and
researchers are in need of a tool that would allow for quick and easy prediction of
ventilatory threshold. Simple activity questionnaires may provide an important tool in
estimating VO,vt for individuals or in large population studies. This research provides a
starting point but it is the belief of the researchers that the questionnaire used in this study
appears to be difficult to follow and relies on exercise estimations from the general
population. Many older or inactive individuals do not know the exercise intensity at
which they work. To facilitate complete and accurate questionnaire results, a more

succinct format would be useful.
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Figure Captions:

Figure 1: Sustainable Fitness Questionnaire used in the current research. This
questionnaire was extensively modified from the University of Houston Non-Exercise
Test (Ainsworth et. al, 2000) in an attempt to better estimate intensity of aerobic
activities.

Figure 2: Scatter plots showing actual vs. predicted VO, vt for each model; a) overall, b)
low fit group, c) high fit group, d) males, and c) females. Note, in general the prediction
equations over predict VO, vt for the lower fit individuals in each group and under predict
VO,vt for the higher fit individuals.

Figure 3: Bland Altman plot showing predicted VO,vt compared with the difference
between the PRESS-cross validation VO,vt and the predicted VO,vt using the overall
regression model. The average difference between the PRESS-cross validation VO, vt
and the predicted VO,vt using the overall regression model was 0.657 mlkg? min”. The
dotted lines on the graph represent one and two standard deviations of the difference in
the predicted vs. actual VO,vt. Forty-four percent of the cross-validated data fell within
1 standard deviation and all fell within two standard deviations. The correlation between
the individual VO,vt values determined from the PRESS cross-validation and those
predicted from the overall regression equation was r= 0.8891 which suggests a valid

prediction model.
Figure 4: Proposed revised Sustainable Fitness Questionnaire. This revision makes the

questionnaire easier to follow and complete while improving the potential to better
estimate intensity of sustained aerobic activities.

34

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



