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Abstract The purpose of this study was to determine for

the first time whether _VO2max could be predicted accurately

and reliably from a treadmill-based perceptually regulated

exercise test (PRET) incorporating a safer and more prac-

tical upper limit of RPE 15 (‘‘Hard’’) than used in previous

investigations. Eighteen volunteers (21.7 ± 2.8 years)

completed three treadmill PRETs (each separated by 48 h)

and one maximal graded exercise test. Participants self-

regulated their exercise at RPE levels 9, 11, 13 and 15 in a

continuous and incremental fashion. Oxygen uptake _VO2

� �

was recorded continuously during each 3 min bout. _VO2

values for the RPE range 9–15 were extrapolated to RPE19

and RPE20 using regression analysis to predict individual
_VO2max scores. The optimal limits of agreement (LoA)

between actual (48.0 ± 6.2 ml kg-1 min-1) and predicted

scores were -0.6 ± 7.1 and -2.5 ± 9.4 ml.kg-1 min-1

for the RPE20 and RPE19 models, respectively. Reliability

analysis for the _VO2max predictions yielded LoAs of

1.6 ± 8.5 (RPE20) and 2.7 ± 9.4 (RPE19) ml kg-1 min-1

between trials 2 and 3. These findings demonstrate that

(with practice) a novel treadmill-based PRET can yield

predictions of _VO2max that are acceptably reliable and valid

amongst young, healthy, and active adults.
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Introduction

Maximal oxygen uptake ( _VO2max) is widely regarded as the

criterion measure of cardiorespiratory fitness (ACSM

2010) and a strong and independent predictor of mortality

in patients with known cardiovascular disease (Aijaz et al.

2009; Kavanagh et al. 2002; Laukkanen et al. 2004).

However that its measurement has safety and cost impli-

cations have encouraged traditionally the use of numerous

methods for predicting _VO2max from sub-maximal exercise

protocols. Typically, these have used heart rate responses

to incremental exercise as the independent variable, but a

persuasive case has been made in the last few years for

predicting _VO2max from oxygen uptake values generated

during a perceptually regulated exercise test (PRET) (Eston

et al. 2005, 2006, 2008; Faulkner et al. 2007; Morris et al.

2009). The PRET utilises the Borg 6-20 RPE scale (1998)

in its so-called production mode whereby the participant is

requested to set their own exercise intensity in response to

a range of prescribed RPE levels. Whilst utilising RPE in

this way has been shown to be a valid and reliable means of

self-regulating safe and effective exercise in a variety of

modalities, such as cycle ergometry (Buckley et al. 2000;

Eston and Williams 1988; Kang et al. 1998), treadmill

running (Dunbar et al. 1992; Eston et al. 1987) and rowing

ergometry (Marriott and Lamb 1996), research on the

predictive capability of a PRET has thus far only employed

cycle ergometry.

In the first study on this theme Eston et al. (2005)

predicted _VO2max from an incremental cycling PRET

protocol consisting of 4 min bouts at RPE 9, 11, 13, 15

and 17 to within ± 6 ml kg-1 min-1 of actual values in a

sample of ten active young males. Subsequent studies

addressed the predictive success of the cycle PRET when

different lengths of exercise bouts were employed (Eston
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et al. 2006), amongst active versus sedentary male and

female populations (Faulkner et al. 2007), when a dis-

continuous protocol was used (Eston et al. 2008), and

when refined RPE instructions were provided (Morris

et al. 2009). A common element to these studies is that

the validity of the PRET was examined from _VO2 values

obtained during exercise that was prescribed across a

broad sub-maximal perceptual range; from RPE 9 (Very

light) to RPE 17 (Very hard). However, the upper-most

level is considered too strenuous for sedentary and clin-

ical populations (ACSM 2010; AACVPR 2006; BACR

1995) and in acknowledging this limitation, the above

studies tended to generate additional predictions of
_VO2max that did not include the data from RPE 17 (i.e.

RPE 9–15, or RPE 9–13) to explore if they were as

accurate. Compared to the predictions based on the full

data set (RPE 9–17), which at best reflect margins of error

of ±17% (Eston et al. 2005; Morris et al. 2009), the

errors associated with the 9–15 (at best ±23–26%, Eston

et al. 2005; Morris et al. 2009) and 9–13 (±35–36%,

Faulkner et al. 2007; Morris et al. 2009) predictions were

found to be notably larger, and excessive on an individual

basis. However, we have posited previously (Morris et al.

2009) that if data are collected from PRETs that pur-

posely are limited in intensity to RPE 15 (or RPE 13), the

accuracy of the _VO2max predictions might be better on the

basis that in the absence of an exercise protocol con-

taining bouts labelled ‘‘Very hard’’ (or ‘‘Hard), the par-

ticipants are less likely to under-regulate their exercise

efforts as part of a pacing strategy, in the manner sug-

gested by Faulkner et al. (2007).

There are therefore two key elements that need to be

addressed: (1) the agreement of the PRET with different

modes of exercise, and (2) the agreement of the PRET

when the exercise intensity of is no more than RPE 15

(hard/heavy). In this context, there is a case for exploring

the validity and reliability of a treadmill-based PRET since

a treadmill is a popular mode employed in exercise testing

and usually produces higher _VO2max values than a cycle

ergometer. In addition, investigating a PRET whose upper

limit is capped at RPE 15, a value that is familiar in general

fitness screening situations (where it is utilised as a ter-

mination point in many sub-maximal tests), is justifiable as

it lowers the health risk and ethical concerns associated

with more strenuous or exhaustive exercise, reduces testing

times and costs, and the degree of participant motivation

required (Faulkner and Eston 2008). Accordingly, the

purpose of this study was to assess the criterion validity of

predicting _VO2max from sub-maximal _VO2 values elicited

during a truncated treadmill-based PRET (maximum RPE

15) and the reliability of the predictions over three repeat

trials.

Method

Participants

Eighteen (14 males and 4 females) healthy active partici-

pants (21.7 ± 2.8 years, 71.21 ± 12.81 kg, 172 ± 0.1 cm)

were recruited from a University population to take part in

the study. After receiving oral and written explanation of the

study, all the volunteers gave their consent to participate and

prior to each testing session completed a pre-test health

status questionnaire. Ethics approval for the study was

granted by the Faculty of Applied and Health Sciences ethics

committee at the University of Chester.

Procedures

This study utilised a repeated measures design in which

each participant was required to attend the laboratory on

four separate occasions (48–72 h apart), three times to

perform a continuous, incremental sub-maximal PRET and

one further time to perform a graded exercise test to

exhaustion ( _VO2max test). The PRETs were administered on

three occasions since previous studies involving cycle

ergometry have highlighted how practise improves the

repeatability and accuracy of the _VO2max predictions (Eston

et al. 2005, 2006; Faulkner et al. 2007; Morris et al. 2009).

The _VO2max test was performed subsequent to the three

PRETs as is was considered that this would avoid partici-

pants being sensitised to the full perceptual range of the

RPE scale (up to RPE 20), which would not occur in

environments for which sub-maximal tests might be par-

ticularly useful (e.g. clinical or sedentary). All exercise

testing was conducted on a motorised treadmill (Woodway

PPS55 Sport-I Treadmill), which had its display screen

concealed from participants so that no external feedback

relating to exercise intensity (speed, gradient and HR) was

available. Oxygen uptake and heart rate were recorded

continuously during each exercise testing session via

breath-by-breath online gas analysis (Oxycon, Jaeger,

Germany) and Polar wireless telemetry (Polar s810i,

Finland). An automated gas and volume calibration was

performed prior to each testing session in accordance with

the manufacturer’s guidelines. Each participant was tested

at a time of day similar to their previous test/s (within 2 h)

to control for physiological variation caused by circadian

rhythms (Reilly 2007).

Sub-maximal treadmill PRET

Before performing each PRET, participants were presented

with the 6-20 RPE scale (Borg 1998) and read out a set of

instructions (Morris et al. 2009) for its application during
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the exercise trial. These instructions were specific to use

the RPE scale in its production rather than estimation

mode. Following this, each PRET protocol required par-

ticipants to regulate their intensity to match four RPE

levels (9, 11, 13 and 15) prescribed by the investigator in

an incremental order. Participants commenced walking at a

speed of 1.3 km h-1 for 3 min before being instructed to

produce an exercise intensity equivalent to RPE 9 (Very

light) on the RPE scale. The exercise intensity was then

adjusted by the researcher on instruction from the partici-

pant using the control panel on the treadmill. The intensity

was first altered via an increment in speed of 1.3 km h-1

and secondly by an increase in gradient of 0.5% on request

from the participant. This was performed to elicit a change

in intensity of approximately 0.2–0.6 METS per instruction

from the participant. Participants were given three minutes

to adjust the exercise intensity to their satisfaction (which

matched RPE level 9, Very light), at which time their

expired air was analysed for the following three minutes.

One minute into the recording participants were allowed a

final refinement of the self-regulated intensity. This pro-

cedure was then repeated for RPE levels 11, 13 and 15. The

mean oxygen uptake and heart rate during the final 30 s of

each RPE level in all bouts were calculated. Upon com-

pletion of the PRET, a warm down was performed at

5 km h-1 until heart rate dropped below 100 b min-1.

_VO2max protocol

_VO2max was determined via the Bruce protocol (Bruce et al.

1973), a graded exercise test (GXT) which employs a

continuous and incremental procedure, starting at a speed

of 2.74 km h-1 and a gradient of 10%, increasing in gra-

dient by 2% every 3 min inline with simultaneous incre-

ments in speed of 2.74, 4.02, 5.47, 6.76, 8.05 and

8.85 km h-1. Expired air and HR were monitored in the

manner described above, with the addition of blood lactate

measured immediately after the cessation of the last stage

(Lactate Pro, Arkray Japan). The establishment of a
_VO2max for each participant was evaluated against the

criteria set out by Bird and Davidson (1997) on behalf of

the British Association of Sport and Exercise Sciences—

subjective fatigue and volitional exhaustion, a plateau in
_VO2, RPE 19 or 20, HR within ±10 beats of age-related

maximum, post exercise lactate [8 mmol l-1 and a respi-

ratory exchange ratio [1.15)—and confirmed if four of

them were met. These criteria are adopted widely in lab-

oratories across the UK and reported frequently in the

applied physiology literature. Nonetheless, we note that

future research might need to reappraise the use of sec-

ondary criteria as a means of validating the attainment of a

maximal oxygen uptake in light of findings from a recent

study of active males by Poole et al. (2008) which

demonstrated their tendency to incorrectly reject the

occurrence or under-estimate the values of _VO2max.

Data analysis

Following a check on the normality of their distributions

via the Shapiro–Wilk statistic, descriptive statistics

(mean ± SD) was computed for _VO2 values across all four

exercise trials. In the manner of Faulkner et al. (2007),

individual linear regression analyses [ _VO2 ¼ a þ b

(RPE)] were performed on each participant’s four mea-

sured _VO2 values (from RPE levels 9, 11, 13 and 15) to

predict their GXT determined _VO2max at the typical

(RPE19) and theoretical (RPE20) end-points. Separate one-

way repeated measures ANOVAs were used for each pre-

dictive model to compare trial means to actual _VO2max

scores, followed up, where appropriate, with Bonferroni

adjusted paired t tests to locate differences between specific

means. The agreement between the criterion _VO2max values

and those predicted from the PRETs were calculated with

the 95% limits of agreement (LoA) technique, on the basis

that the errors (differences) were found to be normally

distributed and homoscedastic (Bland and Altman 1986).

The LoA (bias ± 1.96 9 SDdiff) technique was also

employed to assess the reproducibility of the _VO2max pre-

dictions across the three trials, with the addition of the

typical error (SDdiff/H2; Hopkins 2000), and the intraclass

correlation coefficient, calculated via a two-way mixed

effects model for absolute agreement. All data analysis was

conducted using SPSS for Windows (version 16.0) and

alpha was set at the 0.05 level.

Results

All the participants satisfied the criteria for achieving
_VO2max during the GXT and the mean _VO2max for the

sample was 48.0 ± 6.2 ml kg-1 min-1. Of note was that

everyone reported a terminal RPE of 19. In each PRET

trial, increases in RPE level were accompanied by linear

increases in mean _VO2 (Table 1) and all individual corre-

lations from the regression analyses of RPE and _VO2

(levels 9–15) exceeded 0.91, except two (0.80, trial 1; 0.78,

trial 3), and were typically 0.96 or higher.

The mean differences in _VO2max between the measured

and the PRET values were typically small (\2.5 ml

kg-1 min-1) and non-significant (P [ 0.05) for each pre-

dictive model (Table 2). Interestingly, the RPE19 model

generated the smallest biases in trials 1 and 2, whereas the

RPE20 model generated the smallest bias in trial 3

(0.6 ml kg-1 min-1). Importantly, the 95% LoA between

the PRET predictions and the criterion measure were

narrowest in trial 3 when RPE20 was used (Table 3).
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Expressed as a ‘margin of error’, this degree of variation

equates to approximately ±15%. Moreover, this reflects a

marked improvement from the first trial in which the error

was approximately 27%.

The statistics in Table 4 show the reproducibility of

predicted _VO2max calculated via each model over three

trials. Two key findings are evident; first, for both models

the LoA are narrower (indicating better agreement)

between trials 2 and 3 than between the first two trials, and

secondly, the consistency of the RPE20 predictions is

superior to those generated by the RPE19 model.

Discussion

The current investigation has provided data which are

commensurate with those of several recent studies dealing

with the validity of predicting _VO2max via a PRET (Eston

et al. 2005, 2006; Faulkner et al. 2007; Morris et al. 2009).

Our findings have an advantage over previous studies in

that they were produced on a treadmill and from a protocol

that had an upper limit of RPE 15. In particular, this

treadmill-based PRET generated relatively accurate pre-

dictions for most participants, despite the perceptual range

being confined to RPE 9-15. Furthermore, and in keeping

with previous studies, the reproducibility of these predic-

tions was seen to improve with practice to a level that

could facilitate their application in exercise interventions.

That our active participants, individually and as a sam-

ple, were generally able to adjust their exercise output from

a low (RPE 9; approximately 32% _VO2max) to a recom-

mended safe and effective level (RPE 15; approximately

72% _VO2max) was not an unexpected finding given the

incremental and continuous nature of the PRETs employed.

Previous studies have demonstrated this competency dur-

ing incremental cycling (Faulkner et al. 2007; Eston et al.

2006, 2008), amongst both active and sedentary individu-

als, albeit involving protocols that extended exercise effort

to a level of RPE 17 which for many participants might be

[80% _VO2max and inappropriate (ACSM 2010; AACVPR

2006; BACR 1995). More impressive was the accuracy of

the _VO2max predictions, given that oxygen uptake data were

gathered from only four stages (9, 11, 13, and 15). The

optimum level of agreement between predicted and mea-

sured _VO2max (-0.6 ± 7.1 ml kg-1 min-1, or ±15%) is

almost identical to that observed in our recent study

(Morris et al. 2009) that used a cycling-based PRET across

the range 9–17 (±17%) and compares favourably to the

findings from previously reported truncated (9–15) pre-

diction models (up to RPE20). That is, the random (within-

subjects) error being ±8.4 (±23%; Eston et al. 2005),

±12.4 (31%; Eston et al. 2008), ±11.2 (26%; Faulkner

et al. 2007), ±10.6 (22%; Eston et al. 2006) and ±10.8

(26%; Morris et al. 2009) ml kg-1 min-1. This lower

margin of error revealed in the current study supports our

notion that a PRET devoid of a ‘‘Very hard’’ (RPE 17)

stage would benefit a participant’s compliance with the

task and reduce the likelihood of his/her adopting a pacing

strategy (Tucker 2009).

The accuracy of the _VO2max predictions was improved

after the first of the three PRETs, and likewise after the

second, reinforcing the merit of habituating participants to

the task of governing their own exercise intensity in this

way. This finding was independent of which prediction

model was used, but after three trials, the RPE20 model

proved to be most accurate. Based on their truncated (9–

15) models, Faulkner et al. (2007) reported not much dif-

ference between the RPE20 and RPE19 predictions,

although based on the full range (9–17) the RPE19 model

Table 1 Mean (±SD) oxygen

uptake values (ml kg-1 min-1)

across three PRET trials

RPE level Trial 1 Trial 2 Trial 3

_VO2 % _VO2max
_VO2 % _VO2max

_VO2 % _VO2max

9 16.6 ± 4.8 33.2 14.9 ± 3.8 30.3 15.6 ± 4.8 32.9

11 21.2 ± 6.0 42.4 18.5 ± 5.3 37.6 19.2 ± 6.3 40.5

13 28.5 ± 6.2 57.0 27.1 ± 5.8 55.1 24.5 ± 7.2 51.7

15 36.3 ± 6.4 72.6 35.1 ± 5.5 71.4 34.7 ± 5.6 73.3

Table 2 Mean (±SD) predicted oxygen uptake values

(ml kg-1.min-1) across three PRETs

RPE* Trial 1 Trial 2 Trial 3

Mean (±SD) Mean (±SD) Mean (±SD)

RPE20 49.9 ± 10.1 49.0 ± 8.1 47.4 ± 6.9

RPE19 48.8 ± 10.8 48.2 ± 8.6 45.5 ± 7.8

* Highest value used in _VO2max regression analysis

Table 3 Agreement of PRET predicted and actual _VO2max values

Trial 1 Trial 2 Trial 3

RPE20 1.9 ± 13.3 1.0 ± 8.8 -0.6 ± 7.1

RPE19 0.8 ± 16.4 0.2 ± 10.3 -2.5 ± 9.4

LoA (ml kg-1 min-1)
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was more accurate (after 3 trials). In absolute terms, the

interpretation of the agreement between our predicted and

actual measures of _VO2max warrants attention, particularly

as this has tended to be overlooked in previous investiga-

tions. In the manner exemplified by Morris et al. (2009),

the best LoA from the current data infer that, in the worst

case, an individual with a _VO2max of say, 40 ml kg-1

min-1, could have a predicted value of as high as 47 or as

low as 33 ml kg-1 min-1. Whilst comparable figures for

other indirect methods of predicting maximal oxygen

uptake are scarce, they compare well to those reported for

the established Astrand cycle test (Nevill and Atkinson

1997) and the Chester step test (Buckley et al. 2004), both

of which are reliant on measures of heart rates. Moreover,

15 (84%) of the participants had PRET predicted values

(from trial 3) that were within ±5.5 ml kg-1 min-1

(±11.5%) of their actual _VO2max. Given that a small pro-

portion of adults can be expected to have difficulties in

understanding and utilising the RPE scale (Borg 1998), this

lower figure is probably more realistic and, depending on

the goals of the individual or exercise practitioner (or

clinician), deserves a favourable interpretation.

The consistency of the _VO2max predictions from the two

models improved markedly after the first trial, and was

optimum between trials 2 and 3 for the RPE20 model.

Whilst slightly less impressive than the equivalent statistics

we reported for cycle ergometry (0.7. ± 7.3 ml kg-1

min-1; Morris et al. 2009), this level of agreement sits well

alongside those reported in a positive manner for truncated

9–15 ranges (also for cycle ergometry) by Faulkner et al.

(2007; -0.6 ± 12.0 ml kg-1 min-1) and Eston et al.

(2007; 1.3 ± 9.7 ml kg-1 min-1). In addition, this could

be due to the absence of the relatively high RPE 17 stage

from the current study and its negative impact on the

validity of the participants’ task compliance. Notwith-

standing this, the reliability of our predicted _VO2max values

reflects agreement for 95% of the sample that at worst is

±8.5 ml kg-1 min-1 (±17.5%) and for those 15 partici-

pants whose predictions were most accurate (see above),

their reliability was, not surprisingly, better at ±6.5 ml

kg-1 min-1 (±13.5%). Moreover, if we adopt the some-

what liberal ‘typical error’ calculation of reliability, the

interpretation is better still because the agreement between

trials is about one-third of the LoA. However, the optimal

typical error for the current data (3.1 ml kg-1 min-1) only

reflects the reliability for about two-thirds of our sample,

and not most (95%) as reflected in the limits of agreement.

The matter of whether such agreement, as with the

analysis of validity, is ‘acceptable’ or not has typically

received inadequate attention in research of this kind

(Morris et al. 2009). One useful approach in dealing with

this is to consider whether the extent of the trial-to-trial

reliability observed would mask any ‘real’ variability

(change) in _VO2max that might be expected to occur due to

an intervention or training programme? Previously we have

argued (Morris et al. 2009) that changes in excess of the

magnitude of those reported (between 3.1 and 8.5 ml

kg-1 min-1 in this study, depending on the reliability

statistic used) would be necessary. Therefore, since such

changes are likely to occur amongst healthy populations

following suitable training, the reliability of the current

predictions can be evaluated optimistically.

In conclusion, the validity of a treadmill-based sub-

maximal PRET as a predictor of _VO2max has been found to

be comparable to that reported previously in studies uti-

lising a cycle-based PRET. This is notable given that the

protocol did not extend participants beyond RPE 15

(‘‘Hard’’) and is more realistic for individuals for whom

intense exercise is not recommended. It is evident that,

given practice, such a protocol can yield predictions of
_VO2max that have satisfactory reliability and are more

accurate than other heart rate-related predictive methods.

Acknowledgments Ethical approval for the study was granted by

the University’s Faculty of Applied and Health Sciences Research

Ethics Committee. This research was funded by the Department of

Sport and Exercise Sciences, University of Chester, CH1 4BJ, UK.

Conflict of interest statement The authors declare that they have

no conflict of interest.

References

AACVPR (2006) AACVPR cardiac rehabilitation resource manual.

Human Kinetics, Champaign, p 81

ACSM (2010) ACSM’s guidelines for exercise testing and prescrip-

tion, 8th edn. Lippincott, Philadelphia, p 213

Aijaz B, Squires RW, Thomas RJ, Johnson BD, Allison TG (2009)

Predictive value of heart rate recovery and peak oxygen

Table 4 Reliability of _VO2max

predictions across repeated

trials

Trials Predictive model

RPE20 RPE19

ICC 95% LoA

(ml kg-1 min-1)

Typical error

(ml kg-1 min-1)

ICC 95% LoA

(ml kg-1 min-1)

Typical error

(ml kg-1 min-1)

T1–T2 0.76 0.9 ± 12.3 ±4.4 0.73 0.6 ± 14.4 ±5.2

T2–T3 0.84 1.6 ± 8.5 ±3.1 0.79 2.7 ± 9.4 ±3.4

Eur J Appl Physiol (2010) 109:983–988 987

123



consumption for long-term mortality in patients with coronary

heart disease. Am J Cardiol 103:1641–1646

BACR (1995) BACR guidelines for cardiac rehabilitation. Blackwell

Science, Oxford, p 78

Bird S, Davidson R (1997) Physiological testing guidelines, 3rd edn.

British Association of Sport and Exercise Sciences, Leeds, p 64

Bland JM, Altman DG (1986) Statistical methods for assessing

agreement between two methods of clinical measurement.

Lancet i:307–310

Borg G (1998) Borg’s perceived exertion and pain scales. Human

Kinetics, Champaign, p 15

Bruce RA, Kusami F, Hosmer D (1973) Maximal oxygen intake and

nomographic assessment of functional aerobic impairment in

cardiovascular disease. Am Heart J 85:546–562

Buckley JP, Eston RG, Sim J (2000) Ratings of perceived exertion in

braille: validity and reliability in production mode. Br J Sports

Med 34:297–302

Buckley JP, Sim J, Eston RG, Hession R, Fox R (2004) Reliability

and validity of measures taken during the Chester step test to

predict aerobic power and to prescribe aerobic exercise. Br J

Sports Med 38:197–205

Dunbar CC, Robertson RJ, Baun R, Blandin MF, Metz RK, Burdett R,

Goss FL (1992) Validity and regulating exercise intensity by

ratings of perceived exertion. Med Sci Sports Exerc 24:94–99

Eston R, Williams JG (1988) Reliability of ratings of perceived

exertion for regulation of exercise intensity. Br J Sports Med

22:153–154

Eston RG, Davies BL, Williams JG (1987) Use of perceived effort

ratings to control exercise intensity in young healthy adults. Eur

J Appl Physiol 56:222–224

Eston RG, Lamb KL, Parfitt G, King N (2005) The validity of

predicting maximal oxygen uptake from a perceptually-regulated

graded exercise test. Eur J Appl Physiol 94:221–227

Eston R, Faulkner J, Mason E, Parfitt G (2006) The validity of

predicting maximal oxygen uptake from perceptually regulated

graded exercise tests of different durations. Eur J Appl Physiol

97:535–541

Eston R, Lambrick D, Sheppard K, Parfitt G (2008) Prediction of

maximal oxygen uptake in sedentary males from a perceptually

regulated, sub-maximal graded exercise test. J Sports Sci

26:131–139

Faulkner J, Eston R (2008) Perceived exertion research in the 21st

century: developments, reflections and questions for the future.

J Exerc Sci Fit 6:1–14

Faulkner J, Parfitt G, Eston R (2007) Prediction of maximal oxygen

uptake from the ratings of perceived exertion and heart rate

during a perceptually-regulated sub-maximal exercise test in

active and sedentary participants. Eur J Appl Physiol 101:397–

407

Hopkins WG (2000) Measures of reliability in sports medicine and

science. Sports Med 30:1–25

Kang J, Chaloupka EC, Mastrangelo MA, Donnelly MS, Martz WP,

Robertson RJ (1998) Regulating exercise intensity using ratings

of perceived exertion during arm and leg ergometry. Eur J Appl

Physiol 78:241–246

Kavanagh T, Mertens DJ, Hamm LF, Beyenne J, Kennedy J, Corey P,

Shephard RJ (2002) Prediction of long-term prognosis in 12, 169

men referred for cardiac rehabilitation. Circulation 106:666–671

Laukkanen JA, Kurl S, Salonen R, Rauramaa R, Salonen JT (2004)

The predictive value of cardiorespiratory fitness for cardiovas-

cular events in men with various risk profiles: a prospective

population-based cohort study. Eur Heart J 25:1428–1437

Marriott HE, Lamb KL (1996) The use of ratings of perceived

exertion for regulating exercise levels in rowing ergometry. Eur J

Appl Physiol 72:267–271

Morris M, Lamb KL, Cotterrell D, Buckley J (2009) Predicting

maximal oxygen uptake via a perceptually regulated exercise test

(PRET). J Exerc Sci Fit 7:122–128

Nevill AM, Atkinson G (1997) Assessing agreement between

measurements recorded on a ratio scale in sports medicine and

sports science. Br J Sports Med 31:314–318

Poole DC, Wilkerson DP, Jones AM (2008) Validity of criteria for

establishing maximal O2 uptake during ramp exercise tests. Eur J

Appl Physiol 102:403–410

Reilly T (2007) Circadian rhythms. In: Winter EM, Jones AM,

Davison RCR, Bromley PD, Mercer TM (eds) Sport and exercise

physiology guidelines volume one: sport testing. Routledge,

London, pp 54–60

Tucker R (2009) The anticipatory regulation of performance: the

physiological basis for pacing strategies and the development of

a perception-based model for exercise performance. Br J Sports

Med 43:392–400

988 Eur J Appl Physiol (2010) 109:983–988

123


	The validity and reliability of predicting maximal oxygen uptake from a treadmill-based sub-maximal perceptually regulated exercise test
	Abstract
	Introduction
	Method
	Participants
	Procedures
	Sub-maximal treadmill PRET
	dotVO2max  protocol
	Data analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


