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Abstract The validity of predicting peak oxygen uptake
(VOzpeak) in sedentary participants from a perceptually reg-
ulated exercise test (PRET) is limited to two cycle ergometry
studies. We assessed the validity of a treadmill-based PRET.
Active (n = 49; 40.7 + 13.8 years) and sedentary (n = 26;
33.4 £ 13.2y) participants completed two PRETS (PRET 1
and PRET?2), requiring a change in speed or incline corre-
sponding to ratings of perceived exertion (RPE) 9, 11, 13 and
15. Extrapolation of RPE: VO, data to RPE 19 and 20 from
the RPE 9-13 and 9-15 ranges were used to estimate
V02peaka and compared to VOZpeak from a graded exercise
test (GXT). The VO,:heart rate (HR) data (>RPE 15) from
the GXT were also extrapolated to age-predicted maximal
HR (HRmaxyq) to provide further estimation of VOzpeak.
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ANOVA revealed no significant differences between
VOZpeak predictions from the RPE 9-15 range for PRET 1
and PRET 2 when extrapolated to RPE 19 in both active
(543 £ 74; 529+ 8.1 mlkg”' min~') and sedentary
participants (34.1 & 10.2; 34.2 & 9.6 ml kg~' min™") and
no difference between the HRmax,.q method and measured
VOzpeak from the GXT for active (53.3 £+ 10.0; 53.9 &+
7.5 ml kg~" min~"', respectively) and sedentary participants
(33.6 + 8.4, 344 + 7.0 ml kg~ min~', respectively). A
single treadmill-based PRET using RPE 9-15 range
extrapolated to RPE 19 is a valid means of predicting VOzpeak
in young and middle to older-aged individuals of varying
activity and fitness levels.

Keywords Ratings of perceived exertion - Perceptually
regulated exercise - Maximal aerobic capacity - Prediction -
Treadmill ergometry

Introduction

Maximal oxygen uptake is commonly regarded as a gold
standard measure of cardiorespiratory fitness (ACSM
2009). Due to concerns regarding the safety and cost in
non-athletic, elderly or patient populations (Noonan and
Dean 2000), indirect methods of estimating this value
typically employ heart rate (HR) responses to submaximal
exercise. However, the validity of these methods is ques-
tionable. Environmental factors (temperature and humidity;
Galloway and Maughan 1997), medical conditions (e.g.,
hypertension; Palatini et al. 2006) or medication (e.g. beta
blockade; Eston and Connolly 1996; Van Baak 1988) may
affect HR and subsequently the accuracy of predicted
maximal oxygen uptake. As there is a well-established
relationship between the Borg 6-20 Ratings of Perceived
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Exertion (RPE) Scale and measures of exercise intensity
(Borg 1998; Chen et al. 2002; Faulkner and Eston 2007;
Whaley et al. 1997), the RPE is commonly used to com-
plement physiological measures of exercise during graded
exercise testing (GXT) and as an aid to check prescribed
intensity levels in healthy and clinical populations (ACSM
2009; Buckley et al. 2009; Coquart et al. 2009; Eston and
Connolly 1996; Scherer and Cassady 1999; Williams and
Eston 1989). The RPE given during graded exercise testing
have been shown to elicit better estimates of peak oxygen
uptake (VOzpeak) than HR alone (Ljunggren and Johansson
1988). A few studies have explored the collective use of
RPE and HR to predict VOzpeak in sedentary and active
individuals during cycling exercise (Faulkner et al. 2009;
Lambrick et al. 2009), although no study has assessed the
efficacy of this method in sedentary participants during
treadmill exercise.

By extrapolating the RPE:work rate relationship from
sub-maximal estimation trials, studies have predicted peak
or maximal VOz (Coquart et al. 2009, 2010; Dunbar and
Bursztyn 1996; Faulkner and Eston 2007; Okura and
Tanaka 2001). Studies have also shown that the RPE can be
used to produce target exercise intensities in a so-called
‘production’ procedure. This was first confirmed in cardiac
patients (Borg and Linderholm 1970) and later supported in
studies with healthy adults using treadmill (Eston et al.
1987; Smutok et al. 1980) and cycling exercise (Dunbar
et al. 1992; Eston et al. 2005, 2006, 2008; Eston and
Williams 1988; Faulkner et al. 2007; Glass et al. 1992;
Parfitt et al. 1996). On the basis of earlier work, which used
prescribed RPE levels during a graded, perceptually regu-
lated exercise test (PRET) in cardiac patients (Eston and
Thompson 1997), Eston et al. (2005) showed that a PRET
procedure could be used to predict VOzpeak in healthy
adults. In their study, active men cycled for 4-min stages at
five perceptually regulated intensities corresponding to
RPEs 9, 11, 13, 15 and 17 on the Borg 6-20 RPE Scale.
Estimates of VOzpeak were more accurate when predicted
from a broader perceptual range (RPE 9-17) and following
a period of practice. However, it is recognized that it would
be preferable if VOzpeak could be accurately predicted from
lower submaximal RPE ranges (9—-15 and 9-13) in cases
where exercise intensities above RPE 15 ‘hard/heavy’ or
RPE 13 ‘somewhat hard’ are not recommended. This may
be possible with a treadmill-based PRET, due to the greater
familiarity with this mode of exercise, especially with
sedentary participants. It has been previously observed that
sedentary participants become more accurate in perceptual
regulation of exercise on a cycle ergometer after an initial
trial (Eston et al. 2008; Faulkner et al. 2007). A potential
advantage of the PRET procedure is that it permits a level
of autonomy, allowing the participant to dictate the pace,
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intensity and increments in intensity during the exercise
test. According to self-determination theory (Deci and
Ryan 1985), the autonomy afforded to the individual to
control exercise intensity should support the development
of more intrinsically motivated exercise behaviour. Also,
as the incremental stages are relatively short (3 min), the
decline in affect associated with longer term exercise at
moderate- to high-intensity exercise, particularly in sed-
entary participants, would be limited (Parfitt and Eston
1995).

Studies have confirmed the validity of the PRET
methodology with variations in the temporal nature of the
exercise stages for cycling ergometry in healthy active and
sedentary participants (Eston et al. 2006, 2008; Faulkner
et al. 2007; Morris et al. 2009), arm-crank ergometry in
able-bodied and paraplegic individuals (Al-Rahamneh and
Eston 2011) and treadmill running in young active students
(Morris et al. 2010). However, the validity of PRET to
predict Vngeak during treadmill exercise for middle-aged
and sedentary men and women has yet to be determined.
As indicated above, walking and running are more familiar
and habitual modes of exercise for the average individual.
Furthermore, treadmill ergometry is a considerably more
popular form of exercise testing. Stuart and Ellestad (1980)
observed that of the 1,400 exercise testing facilities sur-
veyed in the US, 71% used treadmills for testing, whereas
only 17% used cycle ergometers. Consequently, it is
important to determine the validity of PRET in sedentary
individuals particularly as they are most likely to benefit
from an accurate estimation of VOzpeak from a more
familiar mode of submaximal exercise intensities which are
within their control. Furthermore, if it can be shown that an
initial submaximal PRET can be used to provide a valid
estimation of peak oxygen uptake in sedentary participants,
before a maximal graded exercise test is undertaken, the
potential of exercise testing using the PRET methodology
is considerably increased.

Therefore, the purposes of this study were to (1) eval-
uate the accuracy of estimating VOzpeak from the heart rate
(HR):VO, relationship recorded within the submaximal
exercise range of RPE 9-15 extrapolated to Gellish et al.’s
predicted HR maximum (HRmax,.q) in active and sed-
entary participants, (2) assess the reliability and absolute
and relative change in oxygen uptake during each stage of
the two PRETSs, (3) assess the validity of predicting
VOzpeak from the extrapolated end-points RPE 19 (com-
monly reported maximum) and RPE 20 (theoretical maxi-
mum) from each of the submaximal ranges (RPE 9-13 and
RPE 9-15) in the active and sedentary participants, (4)
compare the VOzpeak predicted from the submaximal ran-

ges in the PRETs to the VOZpeak from the HRmaxeq
method used in the GXT.
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Materials and methods
Participants

Seventy-five volunteers (aged 18—72 years) were recruited
through poster advertisement around the local community.
Participants were classified as either active (n = 49, mean
age = 40.7 £ 13.8 years, height = 1.71 £ 0.08 m, body
mass = 66 + 8.7 kg) or sedentary (n = 26, mean age =
33.4 + 13.2 years, height = 1.67 & 0.07 m, body mass =
72.5 £+ 13.7 kg). The active participants were recruited
from local athletics clubs and were classified as being
‘physically active’ according to self-reported activity status,
performing moderate to vigorous aerobic (running) exercise
on at least three structured exercise sessions (30 min per
session) each week. Participants were classified as ‘sedentary’
on the basis of current physical activity guidelines (Chief
Medical Officer 2004). Specifically, these guidelines recom-
mend at least 30 min of moderate-intensity activity (e.g.,
activity equivalent to walking at a brisk pace, which would
lead to an increase in breathing rate and an increase in heart
rate, to the level where the pulse can be felt) on five or more
days a week, in stages of at least 10 min; or 20 min of vig-
orous-intensity activity (e.g., activity which leads to feeling
out of breath) on three or more days a week. To ensure par-
ticipants were sedentary, and not too close to the boundaries,
only participants who reported less than 30 min of moderate-
intensity activity on less than 3 days per week were used.
All participants were asymptomatic of illness or disease
and free from acute or chronic injury, as established by the
American College of Sports Medicine (ACSM 2009)
physical activity readiness questionnaire (PAR-Q). Before
participating, each volunteer completed a medical history
questionnaire and provided written informed consent in
accordance with institutional policy. ACSM’s (2009) risk
stratification procedures were undertaken for all partici-
pants prior to commencing exercise testing. For men
>45 years and women >55 years written physician consent
was obtained. Furthermore, basic anthropometric (height
and body mass, SECA, Hamburg, Germany) and health
measurements including blood pressure (Accoson, London,
UK), cholesterol and non-fasting blood glucose (Cardio-
check P.A. and PTS PANELS test strips, Polymer Tech-
nology systems Inc., Indianapolis, USA) were performed.
Recent smoking history (current smoker or those who had
quit within the last 6 months) and family history of myo-
cardial infarction, coronary revascularisation, or sudden
death in a first degree relative under the age of 56 years was
also assessed. If participants had two or more risk factors, as
specified by the ACSM (2009), written physician consent
was obtained prior to exercise testing. All participants
provided written informed consent, and had no prior
experience with perceptual scaling prior to participation.

The study was approved by the ethics committee of the
School of Sport and Health Sciences at the University of
Exeter, where all protocols and procedures were conducted.

Procedures

Each participant performed three laboratory-based exercise
sessions with at least 48 h between each session. Two
sessions consisted of a sub-maximal PRET (PRET 1 and
PRET 2) from which data would be used in the prediction
of VOzpeak. A third session consisted of a GXT to volitional
exhaustion to directly measure VOzpeak. Submaximal HR,
RPE and VO, data were used for the prediction of Vngeak.

For reasons of convenience and means of attracting active
runners to the study, the first session comprised the GXT,
followed by PRET 1 and 2. However, for the sedentary par-
ticipants, the first session comprised the PRET 1, followed by
PRET 2 and GXT. This order of testing was considered to be
of particular importance for the study question in relation to
the sedentary group, as indicated above. We also believed that
this order of testing would be considerably more acceptable to
the sedentary group in this study, as the initial exposure to the
study did not involve a maximal exercise test and the poten-
tially unpleasant sensation of maximal exertion. In this
regard, it is notable that there was 100% compliance from all
sedentary participants recruited to the study.

All sessions were completed using a motorised treadmill
(Woodway, PPS 55 sport slat-belt treadmill, Germany). The
display screen of the treadmill (time, distance, running
velocity) was masked from the participant throughout each
test. On-line respiratory gas analysis was used in each test via
a breath-by-breath automatic gas exchange system (Cortex
Metalyser II, Biophysik, Leipzig, Germany). Volume and
gas calibration were performed in accordance with the
manufacture’s guidelines. Heart rate was continuously
monitored using a wireless chest strap telemetry system
(Polar Electro T31, Kempele, Finland). All physiological
outputs were concealed from the participant. The RPE scale
was mounted on the wall directly in front of the participants
throughout the study and each participant received stan-
dardized written and verbal instructions on how they should
identify and report their ‘overall’ feelings of exertion (Borg
1998). During the maximal GXT, the RPE was recorded by
periodically requesting the participant to point to a numeri-
cal value that reflected how strenuous the exercise felt.
During the PRET, participants adjusted and maintained their
exercise intensity to correspond with the specific RPEs
prescribed by the investigator.

Perceptually regulated GXT

Each participant performed two PRETs on separate occa-
sions. Each PRET consisted of four, 3-min stages of
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perceptually regulated exercise at intensities corresponding
to RPEs of 9, 11, 13 and 15 according to the Borg 6-20
RPE Scale (Borg 1998). Following a warm-up, participants
were instructed by the experimenter to exercise at a per-
ceived effort of 9 on the RPE scale. With the treadmill
gradient fixed at 1%, to parallel the suggested oxygen cost
of running outside (Jones and Doust 1996), participants
classed as active were free to change the speed of the
treadmill to perceptually regulate to the desired RPE.
Participants classed as sedentary were able to control both
the speed and gradient, allowing those who did not feel
capable of running to increase the gradient to perceptually
regulate and achieve the higher intensity (RPE 15, hard/
heavy) on the scale without having to run. At the end of the
3-min bout at RPE 9, participants adjusted the treadmill
speed or gradient to a perceived effort of 11 on the RPE
scale for a further 3 min. This process was repeated for
RPE levels 13 and 15, respectively.

Graded exercise test (GXT) to VOzpeak

A graded exercise test was performed by all participants to
allow for the direct measurement of VOZpeak~ For the active
participants, the treadmill grade was set at 1% throughout
all tests (Jones and Doust 1996). The test was continuous
and incremental, commencing at 9.0 km h™', increasing
1 km h™' every 3 min. For the sedentary participants, the
Balke-Ware protocol was followed. The treadmill speed
was fixed at 5.3 km h™' with the gradient commencing at
0% for the first minute and increased by 1% per minute
thereafter. All tests were terminated when participants
reported volitional exhaustion. In conjunction with this, a
maximum effort was confirmed with a plateau in oxygen
consumption, a HR within +10 b min~"' of age-predicted
maximum, an RER 1.15, or an inability to maintain the
required running speed (Cooke 2009). During the final 30 s
of each increment of the GXT, participants estimated their
overall RPE using the Borg 6-20 RPE Scale (Borg 1998).

Data analysis
Prediction of VOzpeak

To predict VOzpeak, two particular predictive methods were
employed. One method, from the GXT, utilized the HR and
VO, data recorded at the points where estimated RPEs were
between 9 up to, and including 15, extrapolated to the indi-
vidual’s age-predicted maximal heart rate [HRmaxpeq;
206.9 — (age x 0.67), Gellish et al. 2007]. The second
method was based on the individual relationship between

RPE and VO, from the perceptually regulated graded

@ Springer

exercise tests (PRET 1 and PRET 2). The mean VO, col-
lated from the final 30 s of each RPE stage (9, 11, 13, 15)
were regressed against the corresponding RPEs and
extrapolated to an end-point RPE of 19 and 20 (to permit
the comparison between the commonly reported maximum
and the theoretical maximum).

Statistical analysis

A two-factor (group x method) repeated-measures ANOVA
was used to compare actual VOzpeak with the predicted
VOzpeak from the HRmax,.q method in the GXT, in which
the submaximal HR and VO, relationship, occurring within
the 9-15 RPE range, was extrapolated to the individual’s
age-predicted maximal heart rate (HRmax.q). A three-
factor [group (active, sedentary) x test (PRET 1, PRET
2) x RPE (9, 11, 13, 15)] ANOVA, with repeated measures
on test and RPE was used to analyse differences in the
absolute VOZ and % VOzpeak produced during the PRETs.
A four-factor [group (active, sedentary) x test (PRET 1,
PRET 2) x RPE range (9-13, 9-15) x RPE end-point
(RPE 19, RPE 20)] ANOVA with repeated measures on test,
range and RPE end-point, and four (PRET 1 RPE range 9—13,
PRET 1 RPE range 9-15, PRET 2 RPE range 9-13,
and PRET 2 RPE range 9-15) two-factor [group (active,
sedentary) x method (measured Vngeak, VOzpeak from
HRmaxpy, PRET RPE 19 end-point, PRET RPE 20
end-point)] ANOVA were used to examine differences in
measured and predicted VOzpeak from each of the methods

used to predict Vngeak in the sedentary and active groups.
Additionally, Bland and Altman’s (1986) 95% limits of
agreement analysis (LoA) were used to quantify the agree-
ment (bias and random error) between measured and pre-
dicted VOzpeak for each predictive method (PRET 1, PRET 2,
HRmaxq), group (active, sedentary), RPE range (9-13,
9-15) and extrapolation end-point (RPE 19, RPE 20). Intra-
class correlation coefficients (ICC) were calculated via a
two-way mixed effects model to assess reproducibility
across trials and between measured and predicted VOzpeak
values across the methods for each group (Ntoumanis 2001).

In all ANOVA, where assumptions of sphericity were
violated, the critical value of F was adjusted by the
Greenhouse—Geisser epsilon value from the Mauchly test
of sphericity. Further, Alpha was set at 0.01 to reduce the
risk of type 1 error. When necessary, statistically signifi-
cant findings were followed up with pair-wise comparisons
or nonorthogonal (repeated) planned comparisons to test
the a priori hypotheses. All data were analyzed using the
statistical package SPSS for Windows, PC software, ver-
sion 17.
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Results
GXT and Vngeak prediction by the HRmax method

The maximal RPE reported in the GXT was similar for both
active and sedentary participants (19.2 £ 0.6 cf. 19.3 &+ 0.7,
respectively). There was an expected significant main effect
for group (F73 = 1014, p <001, n* =0.58), with
VOzpeak significantly higher in the active participants
(53.9 + 7.5 cf. 344 + 7.0 ml kg”" min~'), and no main
effect for method, indicating no difference between the mea-
sured and predicted VOzpeak values from the HRmaxppeq
method. The relationship between the measured VOZpeak and
VOZpeak estimated from the heart rate relationship observed for
the submaximal RPE range in the GXT isillustrated in Fig. 1a.
There was no method by group interaction on Vngeak.

Comparison of absolute and relative oxygen uptake
during the perceptually regulated protocol

1. VO,: The three-factor (group x test x RPE) ANOVA
with repeated measures on test and RPE resulted in a sig-
nificant main effect for group (F(; 73, = 350.6, p < 0.01,
172 = 0.83) and a main effect for RPE (F(3, j169) = 513.1,
p <001, 7 =088). VO, was higher at each RPE
increment in the active participants, and pairwise compar-
isons revealed a significant (p < 0.01) increase in the VO,
with each successive RPE level from 9 to 15. The VO,
values were highly consistent between tests (F(; 73y = 0.41,
p > 0.05), Table 1 presents the V02 values.

2. % VOzpeak: Repeated-measures ANOVA revealed a
significant main effect for group (F( 73, = 86.2,
p < 0.01, 112 = 0.54), a main effect for RPE
(Fa2.1593 = 703.4, p < 0.01, n? = 0.91) and a signif-
icant interaction for RPE x group (F2.,1593) = 26.6,
p < 0.01, nz = 0.28). The percentage of the VOzpeak at
which the subjects worked at each RPE increment was
higher in the active group and post hoc analyses revealed
a significant (p < 0.01) increase in the % VOzpeak
produced with each successive RPE level from 9 to 15.
The interaction was due to the sedentary group com-
mencing at a lower relative % VOzpeak [mean difference
(MD) >18.9%], but by RPE 15 this difference was
significantly reduced (MD <8.7%). Table 1 presents the
% VOzpeak values.

Ability of the PRET to predict VOapea

A four-factor [group (active, sedentary) x test (PRET 1,
PRET 2) x RPE range (9-13, 9-15) x RPE extrapolation
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Fig. 1 aPredicted VOzpeak using the HR: VOzpeak relationship between
the RPE range 9-15 in the GXT extrapolated to age-predicted maximal
heart rate (HRmaxg,.q); b, € Scatter plot to show the positive correlations
between measured VOzpeak and predicted VOzpmk from the RPE range
9-15 extrapolated to RPE 19 for PRET 1 and PRET 2, respectively

end-point (RPE 19, RPE 20)] ANOVA revealed an
expected significant main effect for group (F(; 73y = 102.2,
p < 0.01, 112 = 0.58). Predicted Vngeak was higher
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Table 1 Mean (£SD) oxygen uptake values (ml kg™

1

min~') at

each RPE level for active (n = 49) and sedentary (n = 26) partici-
pants across both PRET trials

RPE PRET 1 PRET 2 PRET | —
level PRET 2
VO, % VOyex VO2 % VOppex  1CC

Active

9 26.7 (4.8) 50.0(9.5) 27.0(4.3) 494 (11.0) 0.68

11 31.1(4.8) 583(9.2) 31245 585(83) 0.67

13 375(5.6) 70.1(8.8) 36949 69.0(7.6) 0.71

15 434(5.6) 81.0(69) 42.6(58) 795(7.2) 0.75
Sedentary

9 9.8(23) 295@®.7) 102 (2.1) 30.5(8.0) 0.62

11 123 (3.2) 369 (10.8) 12.1 (2.5) 36.1 (8.4) 0.69

13 18.1(5.9) 529 (143) 18.3(52) 53.8(12.2) 0.74

15 249 (6.4) 723(9.2) 250(5.8) 728(9.2) 0.95

Analysis of consistency expressed as intraclass correlation coefficients
(ICC)

There was a significant increase (p < 0.01) in VO, and % VOzpeak
between each RPE level for PRETs 1 and 2

The VO, and VOzpeak values were significantly lower (p < 0.01) for the
sedentary group at each RPE level for PRETs 1 and 2

(p < 0.01) for the active group. There was also a signifi-
cant main effect for RPE range (F(;73) = 29.7, p < 0.01,
112 = 0.29) and extrapolation end-point (F(; 73y = 604.2,
p < 0.01, 172 = 0.89) on predicted VOZpeak and significant
interactions for RPE group x range (F(;73) = 29.7,
p < 0.01, 7> = 0.09) and range x extrapolation end point
(Faq3 =292, p <001, 172 = 0.29). Values for predicted
VOzpeak were higher in the active group, higher for the
9-15 RPE range and higher when extrapolated to an end-
point RPE 20. The interactions were due to a significant

difference in the predicted VOzpeak for the RPE 9-13 and
9-15 range in the sedentary group, but no difference in the
active group’s values, and a greater difference in the pre-
dicted Vngeak between the 9-13 and 9-15 range from
the RPE 20 extrapolation than the RPE 19 extrapolation.
Figure 1b and c shows the relationship between the mea-
sured VOzpeak and VOzpeak estimated from PRETS 1 and 2,
respectively.

The two-factor (method x group) ANOVAs resulted in
significant main effects for group (F(; 73 = 118.5,
p <001, 7> = 0.62; F; 73 = 117.3, p < 0.01, n* = 0.61;
Fa73 = 108, p<0.01, n* =0.60; and F(; 73 = 98.7,
p <0.01, #* = 0.58) for the PRET 1 and PRET 2 RPE
range 9-13 and 9-15, respectively, with VOzpeak and pre-
dicted VOzpeak higher in the active participants. Significant
main effects for method (F(,si, 1104) = 9.37, p <0.01,
n* =0.11 and F;50, 1007) = 5.83, p < 0.01, #° = 0.07)
were recorded for PRET 1 and PRET 2 RPE range 9-15.
The significant main effects were due to higher predicted
VOzpeak in the RPE 20 extrapolation. The group x method
interactions were not significant. Table 2 displays the mean
differences between the direct measurement and each of
the predictive methods.

Level of agreement between measured V02peak
and predictive methods

Table 3 describes the correlation and LoA between mea-
sured VOzpeak and each predictive technique. For the active
participants, predictions of Vngeak were superior (higher

r and narrower LoA) when predicting from a RPE range
9-15 and extrapolating to RPE 19 in the PRET 1. For the

sedentary participants, the predictions of Vngeak were

Table 2 Post-hoc analysis to identify significant differences between the direct measurement of (DM) and prediction of VOZpeak (ml kg™!

min~") across groups, perceptual ranges and trials

RPE 19 RPE 20 HRmaxpeq
(Gellish et al. 2007)
RPE 9-13 RPE 9-15 RPE 9-13 RPE 9-15
Prediction = Mean Prediction  Mean Prediction = Mean Prediction =~ Mean Prediction =~ Mean
difference difference difference difference difference
Active (DM = 53.9 + 7.5)
PRET 1 528 (7.6) —1.1 54.3 (7.4) 0.4 554 (8.1) 1.5 57.1 (8.0)  3.2%
PRET 2 51.8(8.3) 2.1 529 @81 -1.0 54.2 (9.1) 0.3 55.5(8.8) 1.6
GXT 53.3 (10.0) —-0.6
Sedentary (DM = 34.4 £+ 7.0)
PRET 1 299 (12.7) —4.5% 34.1 (10.2) -0.3 32.0 (139) -24 36.7 (11.2) 2.3
PRET 2 299 (11.4) —4.5% 342 (9.6) 02 32.0 (12.5) —-24 36.8 (10.6) 24
GXT 33.6 (84) —0.8

* Significant difference between direct measurement (DM) and predicted VOzpeak
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Table 3 Analysis of the 95% LoA (bias &= 1.96 x SDg;r) and correlation (r) between the direct measurement of VOzPeuk (ml kg_1 min_l) and

each predictive technique for active and sedentary participants

RPE 19 RPE 20 HRmaxpeq

(Gellish et al. 2007)
RPE 9-13 RPE 9-15 RPE 9-13 RPE 9-15
LoA r LoA r LoA r LoA r LoA r

Active (n = 49)

PRET 1 1.1 (10.7) 0.74 0.4 (8.3) 0.84
PRET 2 2.1 (13.1) 0.64 1.0 (10.3) 0.78
GXT

Sedentary (n = 26)
PRET 1 4.5 (21.4) 0.51 0.2 (12.1) 0.80
PRET 2 4.5 (18.3) 0.58 0.2 (11.0) 0.82
GXT

Group (n = 75)
PRET 1 2.3 (15.5) 0.84 —1.8 (9.7) 0.92
PRET 2 2.9 (15.1) 0.84 0.7 (10.5) 0.90
GXT

—1.5 (11.3) 0.73
-0.3 (14.1) 0.64

24 (234) 052
24 (20.1) 058

—1.6 (16.7) 0.83
0.6 (16.5) 0.82

—328.7) 0.84
-1.61L1) 077
0.6 (11.9) 0.80

—23(13.6) 081
—24(124) 082
0.28 (9.5) 0.83

—29(10.6)  0.92
—19 (115  0.90
0.7 (11.0) 0.91

better when using either the estimation procedure
(HRmaxy,.q) or the RPE range 9-15 when extrapolating to
the end-point RPE 19 (see Table 3). The intraclass reli-
ability of each of the PRET methods for predicting VOzpeak
for the active and sedentary participants is shown in
Table 4.

Discussion

The study shows that the heart rates produced during a
graded exercise test within the RPE range of 9-15 can be
used to predict VOzpeak in both active and sedentary indi-
viduals when the heart rate:oxygen uptake relationship is
extrapolated to the age-predicted maximal heart rate. The
results further confirm the usefulness of recording the RPE
during graded exercise testing and provide support for an
additional and valid means of estimating the VOzpeak from
submaximal treadmill testing when the maximum exertion

Table 4 Intraclass correlation coefficient (ICC) of predicted Vngeak
between PRETS for each method for active and sedentary participants

RPE 19 RPE 20
RPE9-13 RPE9-15 RPE9-13 RPE9-15
ICC ICC ICC ICC
Active (n = 49)
PRET 1 — PRET2 0.65 0.76 0.64 0.76
Sedentary (n = 26)
PRET 1 — PRET2 0.70 0.94 0.70 0.94

is limited to an RPE 15, rather than a specific work rate or
heart rate value in healthy participants.

Previous studies have yielded encouraging findings for
the validity and reliability of using PRET to predict
VOapeak (Al-Rahamneh and Eston 2011; Eston et al. 2005,
2006, 2008; Faulkner et al. 2007, Morris et al. 2009, 2010),
based on the strong linear relationship between the VO,
produced at each perceptually regulated RPE. However,
only two of the above studies included sedentary individ-
uals (Eston et al. 2008; Faulkner et al. 2007) and both
studies used cycling as the form of ergometry. Further-
more, extrapolations from the RPE 9-15 range significantly
underestimated VOZpeak with the prediction of VOZpeak
being accurate only when extrapolated from intensities
extending to RPE 17 (very, very hard). As indicated pre-
viously, exercise at this intensity may be problematic for
sedentary individuals.

Studies have shown that familiarization through an ini-
tial PRET is important when using cycling as the mode of
perceptually regulated exercise in sedentary individuals.
Eston et al. (2008) observed that the accuracy of predicting
Vngeak improved by the second trial. Similarly, Faulkner
et al. (2007) observed greater variability in power output
across three trials at PRET levels of RPE 13 and 15 for the
sedentary participants in their cycling study. This may be
partially attributable to the relative lack of familiarity with
cycling as a mode of exercise and the difference in the way
the exercise intensity is perceived. For cycling, localised
perception of exertion around the leg muscles tends to
dominate the overall perceived exertion response. Conse-
quently, the strength of the perceptual signal of exertion
appears to be greater for a given work rate for cycling
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compared to treadmill exercise. In this regard, studies have
observed a higher RPE for a given relative exercise
intensity, either as a proportion of VOzpeak (Eston and
Williams 1988) or respiratory compensation threshold
(Bolgar et al. 2010; Green et al. 2003).

The study shows that, using a more familiar mode of
exercise, it is possible to predict VOzpeak in sedentary
individuals from a lower perceptually regulated range of
intensities on a treadmill. The similarity of the predicted
VOzpeak scores between trials 1 and 2 show that this is true
even when there has been little familiarization with the
procedure. This is the first study of its kind to predict
VOzpeak using the PRET protocol prior to application of a
maximal perceptual anchor in sedentary participants. The
two previous studies (Eston et al. 2008; Faulkner et al.
2007) directly measured VOzpeak prior to predicting it from
PRET. This difference in the former studies and the current
study is important as it obviates the necessity to educate
subjects to the degree of exertion prior to a trial that allows
the prediction of VO2peak without having to go that degree
of exertion.

In line with previous findings, we observed a highly
significant (p < 0.01) increase in the VO, during the PRET
protocol with each successive RPE level from 9, 11, 13 and
15 in both the active and sedentary participants. However,
contrary to expectation, the oxygen uptake values at the
RPE increments during PRET 1 for the sedentary subjects
were not lower than those recorded during PRET 2. This
was somewhat surprising as previous research has identi-
fied the importance of protocol familiarization when using
RPE in a production mode (Buckley et al. 2000; Eston et al.
2000; Eston and Williams 1988). This has also been
observed in studies using PRETSs to predict VOzpeak, with
greater predictive accuracy observed following an initial
perceptually regulated GXT (Eston et al. 2005, 2008;
Faulkner et al. 2007; Morris et al. 2009, 2010). It appears
that the sedentary participants adapted quite readily to the
treadmill task and did not overestimate their effort pro-
duction in the initial PRET, as previously observed. The
high reliability of predicted VOZpeak between the PRET
tests is shown in Table 4. A possible explanation for the
consistency of the prediction of the VOzpeak (as well as the
accuracy) may be attributable to the mode of exercise
employed in this study. With the exception of the study by
Morris et al. (2010), all studies adopting a PRET protocol
have used cycling ergometry, which is a less familiar form
of exercise for some participants, compared to walking and
running.

Also, as observed previously for active and sedentary
participants during cycle ergometry (Eston et al. 2008;
Faulkner et al. 2007), the increase in energy expenditure
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between the RPE-regulated increments in exercise intensity
was between 1 and 2 METS for both groups of participants
during treadmill exercise. This is worthy of note as it
complies with the recommendations for increases in exer-
cise intensity for standard sub-maximal graded exercise
tests in healthy individuals (ACSM 2009).

Whilst the VO, produced at each RPE level was gen-
erally consistent across PRET trials 1 and 2 for both active
and sedentary participants (p > 0.05), it is interesting to
note that the perceptually regulated exercise intensity for
the sedentary participants equated to a lower (p < 0.01)
percentage of VOzpeak, indicating a lower perceived toler-
ance for a given exercise intensity. This could be due to a
lack of experience and habituation to the exercise protocol,
and a possible adoption of a more conservative approach.
However, it is more likely attributable to the location of the
ventilatory threshold, which is noted to occur at a higher
proportion of the VOzpeak with training (Hill et al. 1987).
They reported that although the RPE at the VT was not
altered, training alters the relationship between the RPE
and % VOzpeak with trained participants reporting a lower
RPE at a given % VOzpeak compared to untrained partici-
pants. The findings from the present study are consistent
with this observation.

In this study, the RPE and VO, values were extrapolated
to RPE 19 (commonly reported maximum) and RPE 20
(the theoretical maximum). A number of studies have
recognized that at volitional exhaustion, RPE 20 is infre-
quently reported (ACSM 2009; Eston et al. 2008; Faulkner
et al. 2007; Kay et al. 2001; St Clair Gibson et al. 1999).
On the basis that individual subjects reach their subjective
limit of fatigue at an RPE of 18-19 (‘extremely hard’) on
the Borg 6-20 scale, studies have examined the validity of
using the RPE 19 as the end-point for predicting VOZpeak~
Morris et al. (2010) reported that all 18 participants
reported a terminal RPE of =~ 19 in their GXT, and that
compared to extrapolations of VOzpeak to RPE 20, those
using RPE 19 as the end-point generated smallest biases for
the first two PRET trials. Faulkner et al. (2007) also
reported similar observations in their third PRET trial.
Indeed, in the present study, it is notable that the maximal
RPE attained in the GXT was circa 19 for both groups of
participants. We also noted that use of the most accurate
RPE range (9-15) extrapolated to RPE 19 elicited the most
accurate predictions of VOzpeak for both active and sed-
entary participants. It is worth noting, however, that when
using the RPE range 9-13, the VOzpeak was significantly
underpredicted for the sedentary participants when
extrapolated to RPE 19. Therefore, in cases where exercise
intensities above RPE 13 are not advocated, extrapolation
to RPE 20 is recommended to provide a closer prediction
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of Vngeak. Further research on the accuracy of the
extrapolation method (RPE 19, RPE 20) is warranted.

To conclude, this study has demonstrated accurate pre-
dictions of VOzpeak from the use of heart rate within the
range 9—15 and from perceptually regulated GXTs in active
and sedentary participants, during treadmill exercise. Spe-
cifically, use of the perceptual range of RPE 9-15 and
extrapolation to RPE 19 provided the most accurate esti-
mate of Vngeak for the active and sedentary participants.

This suggests that the use of a PRET to predict VOzpeak
offers a practical alternative in circumstances where mea-
sures of HR are considered unreliable (i.e. environmental
or medical). Furthermore, the application of a PRET pro-
tocol that terminates at lower intensity (RPE 15) permits a
level of autonomy, allowing the participant to dictate the
pace, intensity and increments in intensity during the
exercise test with the prior knowledge that the PRET will
terminate when the intensity is perceived to be ‘hard’
(RPE 15). In the present study, this equated to an exercise
intensity of about 80 and 70% of the maximal aero-
bic capacity in the active and sedentary participants,
respectively.

This study has shown that the PRET procedure is a valid
means of producing consistent, acceptable and recom-
mended increments in intensity in active and sedentary
populations during treadmill exercise and further confirms
that the individual linear relationship of perceived exertion
and intensity can be used to predict maximal functional
capacity in young and middle to older-aged individuals.
The PRET method is particularly appropriate when maxi-
mal exercise testing is not recommended or desired, such
as in routine assessments of fitness, or when maximal
exercise testing is contraindicated or simply not desirable.
We believe the PRET method has viable potential for use
in the clinical populations, although this remains to be
determined. Future studies are therefore recommended to
assess the efficacy of the PRET method in the clinical
setting.
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