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Forty women took part in a study designed to investigate
self-selected exercise intensity relative to ventilatory
threshold during circuit weight training (CWT) and
exercise-to-music (ETM) sessions. Subjects were assigned
to one of two groups which were beginners (B) or habitual
exercisers (HE) on the basis of their exercise habits. All
subjects first underwent a laboratory cycle ergometer test
involving a continuous incremental exercise protocol from
which ventilatory threshold (VT) was determined using
piecewise linear regression analysis. This point was
expressed in terms of heart rate (VTHR) and rating of
perceived exertion (VTRPE). These points were then
compared with those determined during exercise training
sessions (TRAHR and TRARpE respectively). The results
showed that mean(s.d.) TRARPE (13.5(1.1) was not signifi-
cantly different to mean(s.d.) VTRPE (12.8(0.5); P>O.05)
but that mean(s.d.) VTHR (134.8(13.5) beats min-) and
TRAHR (154.9(12.0) beats min-) were different (P< 0.05).
Beginners trained at a significantly higher percentage
above VTHR than habitual exercisers (118(3.1) versus
111(2.8)% P<0.05). During CWT the mean(s.d.) TRAHR
for beginners (143.2(7.6) beats min') was significantly.
lower than that for habitual exercisers (152.5(10.1) beats
min'; P< 0.05), but not different during ETM (P< 0.05).
When these TRAHR values were expressed relative to an
estimated maximum heart rate (EMHR) they represented
86.5% in ETM and 80.5% in CWT which were different
(P< 0.05). These results suggest that regardless of habitual
exercise level and training mode, these women selected a
common intensity of effort that was compatible with the
described RPE.
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The most popular methods by which individuals can
simply judge the level of their exercise intensity
include: heart rate as a percentage of a measured or
estimated maximum'; breathlessness and descrip-
tions of ventilatory distress2 3; and rating of
perceived exertion (RPE)4.
The use of heart rate as a method by which exercise

intensity can be regulated is perhaps still the most

widely used method and usually involves a 'target'
heart rate. However, this system of exercise prescrip-
tion involves some difficulty in measurement and has
been found to be inaccurate in many individuals
especially when the exercise involves combinations of
arm and leg work5. This method usually involves
exercising at a given percentage of an estimated
maximal heart rate which introduces considerable
error, especially in older habitual exercisers6. Further-
more, the range of suggested training heart rates
does not take account of differences in the individual
threshold of anaerobiosis, and adjustments are rarely
made for subjects as they progress longitudinally
through exercise programmes and experience im-
provement in fitness7. Nevertheless, these systems
remain popular especially in training programmes
involving women'.
The degree of breathlessness has been used as a

guide to exercise intensity in prescription of training
programmes3. However, this respiratory parameter is
difficult to quantify and has not been systematically
assessed for validity as a means of exercise prescrip-
tion. Also, ventilation is known to be a poor index of
exercise intensity in some groups of exercisers9. The
monitoring of this indicator by a group leader
requires great skill and is inappropriate in large
groups.
The rating of perceived exertion (RPE) has recently

regained attention as a simple and practical method
for regulation of exercise level10. This method has
been used in studies of exercise prescription" and
has been applied to the workplace and sports13. The
effects of training upon RPE have been reported"4
and different modes of exercise have been used to
collect data in subjects with different levels of
fitness'5. More recently, the tUse of the RPE scale in
production of previously estimated ratings of exer-
tion during exercise has been assessed and found to
provide a physiologically valid means of regulating
exercise intensity'0.

In addition to the advances in exercise regulation
methods, research evidence suggests that exercise at
or close to the individual anaerobic threshold in
women will optimize the improvement in cardiores-
piratory fitness while minimizing the discomfort
associated with lactate accumulation during exer-
cise'6. This concept has been applied to the RPE
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scale17'18 and has provided the basis for exercise
prescription using RPE that may correlate with lactate
accumulation19
There is, however, an absence of data upon

self-selected exercise intensity in individuals involved
in group training programmes. This is especially the
case for groups of women that include participants of
different ages and habitual exercise levels particularly
during different modes of exercise training. The RPE
and heart rate relative to noninvasive indices of
anaerobic threshold during self-selected exercise in
these groups remains to be elucidated.

This study was planned to investigate the self-
selected exercise intensity relative to the ventilatory
threshold during different modes of exercise in
groups which include participants of differing habi-
tual exercise levels.

Subjects and methods
Forty women took part in this study. Their mean
(range) age was 35.4 (17-48) years. All subjects were
asked to perform a laboratory assessment and were
then monitored during exercise training sessions.
Ten subjects were ascribed to each of four groups.
These were beginners (B) and habitual exercisers
(HE) for either circuit weight training (CWT) or
exercise to music (ETM). The beginners (B) were
individuals who had not been involved in any regular
exercise training for at least 5 years. The habitual
exercisers (HE) were those who had attended the
respective CWT or ETM exercise training sessions at
least two to three times per week for at least 3
months.
The laboratory assessment involved a continuous

incremental cycle ergometer test. During this test
subjects cycled at 50 r.p.m. and the work rate was
increased by 12.5W each minute. There was a 2-min
warm-up during which subjects pedalled against an
unloaded flywheel. The cycle ergometer was mech-
anically braked (Monark, Stockholm, Sweden).
Throughout the cycle ergometer test measurements
were taken of heart rate (HR) using a cardiometer
(Cardionics, Stockholm, Sweden), oxygen consump-
tion (Vo2), carbon dioxide output (Vco2) and minute
ventilation (VE) using an analysis system (Mijnhardt,
Odijk, Netherlands) which incorporated infrared and
paramagnetic analysers for Vo2 and Vco2 respectively
and a gas turbine for VE (Mijnhard). In addition
subjects were asked to rate their exertion using the
15-point scale of Borg (1961)4 at the end of each
minute. The test was terminated when subjects
described the exercise with an RPE of 16 or greater.
Subjects were allowed to familiarize themselves with
all equipment and procedures before the formal
testing protocol.

Ventilatory threshold (VT) was determined using
piecewise linear regression analysis of the plot of
VE/VO2 and VEIVCO2 against HR or RPE. The
ventilatory threshold (VT) was defined as the point at
which VEIVO2 began to increase in the absence of an
increase in VEIVCO2 . This analysis allowed objective
determination of the presence of a breakpoint in
these relations, and has been fully investigated
previously21.

The identified B and HE groups of subjects for each
training mode were then assigned at random to
training sessions of which there were either 15CWT
or 12ETM classes. These classes were typically of
45min overall duration of which 20 min comprised
vigorous continuous exercise. In the ETM sessions
exercise involved calisthenic type routines such as
marching half-squats and arm raises which were
usually incorporated into continuous sequences.
CWT included step-ups, skipping and body-weight
routines such as star jumps. These sessions also
involved some resistance exercises using weights
such as arm curls. The remaining 25 min in both types
of training involved warm-up, mobility and flexibility
routines from which data were not analysed. Both
types of training were selected so that the contribu-
tion of arm versus leg work in each was approximately
equal. Throughout these classes subjects had HR
monitored using telemetry (Sport Tester; Polar
Electronics, Kempele, Finland) and were asked to
grade their RPE by verbal description upon presenta-
tion of the scale while exercising each minute.
The analysis of data involved group mean and

standard error calculation and is reported as such in
the text (mean(s.e.m.)). The laboratory and training
means were compared using Student's paired t test
and group differences (beginners versus habitual
exercisers and CWT versus ETM) were analysed using
Student's unpaired t test. The relative heart rate and
RPE values (%) were compared between groups
using the Wilcoxon signed rank test.

Results
Mean(s.e.m.) values for all subjects (n = 40) are given
in Table 1. The mean(s.e.m.) heart rate (VTHR) and
rating of perceived exertion (VTRPE) at ventilatory
threshold from the laboratory assessments were
134.8(0.18) and 12.8(0.1) beats mind respectively.
The mean(s.e.m.) self-selected training exertion
rating (TRARPE) was 13.5(0.2) which was not signifi-
cantly different (P> 0.05) from that attained at
ventilatory threshold in the laboratory. The
mean(s.e.m.) TRAHR was 154.9(1.9) beatsmint
which was significantly different (P< 0.01) from the
VTHR in the laboratory.
The mean values for each laboratory and either

ETM or CWT training measures in beginners and
habitual exercisers are given in Table 2. The compari-
son between beginners and habitual exercisers
showed that mean(s.e.m.) values of VTRPE were not
significantly different (P> 0.05) being 12.9(0.1) and
12.7(0. 1) for groups B and HE respectively. The VTHR
was significantly higher (P < 0.01) in group HE at
141.6(2.9) beats min' when compared with group B

Table 1. Laboratory and training measures for entire group

Age (years) 35.4(1.3)
VTHR (beats min-') 134.8(2.1)
VTRPE 12.8(0.1)
TRAHR (beats min-') 154.9(1.9)
TRARPE 13.5(0.2)

Values are mean(s.e.m.)
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Table 2. Laboratory and training measures in beginners and habitual exercisers from ETM and CWr groups

VTHR (beats min1) VTRPE TRAHR (beats min-) TRARPE

B HE B HE B HE B HE

ETM 132.0(4.2) 145.4(2.6) 12.8(0.2) 12.6(0.2) 160.5(3.6) 163.9(1.8) 14.0(0.5) 13.1(0.2)
CWT 124.3(2.1) 137.9(5.0) 13.1(0.2) 12.8(0.2) 143.2(2.4) 152.5(3.2) 13.6(0.3) 13.3(0.4)
Total 128.2(2.4) 141.6(2.9) 12.9(0.1) 12.7(0.1) 151.9(2.9) 158.2(2.2) 12.5(0.8) 13.2(0.2)

Values are mean(s.e.m.); VrHR, ventilatory threshold in terms of heart rate and VTRPE in terms of rating of perceived exertion; TRAHR, exercise training session
heart rate; TRARPE, exercise training session rating of perceived exertion; B, beginners; HE, habitual exercisers

which had a mean VTHR of 128.2(2.4) beats mn-1.
For the same groups the TRAHR was higher (P < 0.05)
for habitual exercisers but TRARPE was not different
(P> 0.005). When TRAHR was expressed as a
percentage of VTHR this gave mean(s.e.m.) relative
training heart rates of 118(3.1)% for group B and
111(2.8)% for the HE group, which were different
(P < 0.05). In the same groups the mean(s.e.m.)
relative training exertion ratings (TRARPE/VTRPE)
were 107(3.2)% and 104(2.8)% for B and HE groups.
These were not different (P > 0.05).
The comparison of ETM and CWT values showed

similar differences to those for the entire group. In
CWT the difference between groups B and HE in
TRAHR was 9.3 beats min-' (P<0.05). However, for
the subjects involved in ETM training there was no
significant difference in the mean(s.e.m.) TRAHR for
groups B and HE being 160.5(3.6) beatsmin-1 and
163.9(1.8) beatsmin-1. The extent to which TRAHR
exceeded VTHR was significantly different (P < 0.05)
for ETM compared with CWT (16.8(2.1) and 13.0(1.6)
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Figure 1. Mean TRAHR relative to an estimated maximal
heart rate (220 - age) (expressed as percentage) in
beginners (1) and habitual exercisers (EQ) during two
modes of exercise training: ETM, exercise to music; and
CWT, circuit weight training

respectively). The TRAHR was also expressed relative
to an estimated maximum (EMHR) which was
computed using 220 - age (Reference 22) and is
represented in Figure 1.
When expressed as a percentage this relative heart

rate (HRrei) was higher in ETM than CWT (P < 0.05).
The mean values for the two ETM groups were
86(2.2)% for beginners and 87(3.0)% for habitual
exercisers. This corresponded to no difference
(P> 0.05) in the mean(s.e.m.) TRARpE in beginners or
habitual exercisers at 14(0.5) and 13.1(0.2). In
contrast, for the CWT group the mean EMHR/TRAHR
was higher (P< 0.05) in the HE group at 83(2.0)%
than in the B group at 78(2.2)%. As found in ETM
there was no difference (P>0.05) in mean(s.e.m.)
TRARPE values which were 13.6(0.3) and 13.3(0.3) for
these groups.

Discussion
The laboratory assessments made on these subjects
showed that the ventilatory threshold occurred at
higher heart rates in habitual exercisers than begin-
ners, but the rating of perceived exertion was not
different. This confirms reports that suggest the
relation of RPE and heart rate may be altered by
traininge. The higher VTHR in subjects with higher
levels of fitness has been shown after cycling
training14, and the results here provide supporting
evidence for this observation in the two exercise
modes investigated. The higher VTHR in habitual
exercisers was evident in both circuit weight trainers
and the exercise-to-music group.
Comparison of TRAHR and VTHR in the subjects of

this study showed that during training the heart rates
significantly exceeded those at VT in the laboratory.
The difference between VTHR as determined using
cycle ergometry and the TRAHR could be explained
by the addition of arm exercise in the training
programmes. This type of physical work is known to
elevate heart rate24. Since the training involved
combinations of arm and leg work in both ETM and
CWT it would be expected that the heart rate during
this exercise would exceed that determined during
cycling in the laboratory. This does not explain the
different degrees to which the VTHR was exceeded in
the two different types of training since these modes
of exercise had compatible contributions of arm and
leg work. However, there would be some interrup-
tion to training during CWT as individuals moved
from one exercise station to the next. This could

Br J Sp Med 1995; 29(1) 59

I-
dp

L-

I



RPE and HR in exercise training women: I. L. Swaine et al.

account for the lesser extent to which TRAHR
exceeded VTHR in this group.
The difference in TRAHR and VTHR was most

pronounced in beginners involved in ETM. This
would be attributable to the group training environ-
ment which might have encouraged competition or
failed to offer appropriate alternative training levels
for each individual. If this were the case then this
would have important implications for group training
sessions in ETM, emphasizing the requirement for
lower intensity options and the inclusion of rest
periods for beginners.
The use of heart rate and RPE during exercise

training remains the focus of attention in exercise
physiology research14. The relevance of the HR and
RPE during training, particularly with reference to
anaerobiosis during exercise, has remained confusing
and often misleading'0. The results provided here
confirm that the use of heart rate during exercise
training sessions can be misleading particularly when
applied to groups of women of various ages involved
in different activities, especially when these groups
involve women of different habitual exercise levels. It
appears that these individuals invariably select a level
of exercise that corresponds to that described as
'moderately hard', particularly when applied to
exercise sessions of 20-30-min duration. This would
substantiate evidence suggesting that this exercise
level equates to an individual level of anaerobics,
above which the necessary vigour would be unsus-
tainable due to lactate accumulation'9.

It appears that the physiological response to
anaerobiosis adequately limits exertion provided that
the individual has the freedom to choose from a
range of exercise levels and understands the rationale
of the training programme. Adherence to heart rate
targets especially when these are expressed relative
to an estimated maximum based on age, may be
misleading. This would particularly be the case
during exercise-to-music training according to our
results. Limiting the exercise heart rate during these
sessions could compromise the training effect and
provides further basis for less reliance on this
parameter during these types of training. Perhaps
less emphasis should be placed on strict adherence to
heart rate targets by groups of individuals, and
descriptive rating of exertion be adopted in prefer-
ence. Ideally, both heart rate and perceived exertion
could be monitored if necessary. Furthermore, it
would also appear that the use of exercise involving
small muscle-group work (CWT) did not distort the
perception mechanism which enables selection of
appropriate levels of exercise training.

In conclusion, the results from this study support
those of other investigations involving RPE during
exercise training25. Previous reports have presented
data for RPE during various forms of exercise26.
These studies have also investigated the production
of RPE levels during exercise' . Almost all of these
reports have used male subjects and there has been
little evidence of RPE and heart rate during exercise
training sessions. The results here add further
substance to the merits of RPE in exercise prescrip-
tion especially for women involved in group training
sessions.
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