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ABSTRACT
The purpose of this study was to (a) assess the usefulness of volume load (VL),
session RPE (SRPE), RPE load (RPEL), and a modified RPEL (RPEL-2) to
estimate internal load from resistance exercise (RE), and (b) to further assess
the interactions between SRPE, VL, and RE intensity. Twelve healthy males (25
± 4 years) completed RE sessions at 55%, 70%, and 85% 1RM. VL, SRPE,
RPEL and RPEL-2 for each session were calculated, compared, and correlated
with change values () for blood lactate and salivary cortisol. There were
substantial increases in all measures of training load with progressive
decreases in %1RM. There were clear substantial increases in  lactate and 
cortisol following RT at 55% 1RM when compared to 70% and 85%. Withinsubject correlations with  cortisol were small with SRPE (r = 0.25; 90%
confidence limits; 0.32), RPEL (r = 0.23; 0.32) and RPEL-2 (r = 0.19; 0.32)
and trivial for VL (r = 0.01; 0.28). Correlations with  lactate were moderate
with VL (r = 0.42; 0.29) and RPEL-2 (r = 0.38; 0.29), and small with SRPE (r
= 0.25; 0.32) and RPEL (r = 0.25; 0.32). Correlation between SRPE and VL
was large (r = 0.55; 0.25). Whilst  lactate and  cortisol did not follow the
same trends as measures of workload, VL may be superior to estimate internal
load from RE, particularly when measured via  lactate. When viewing training
load globally RPEL-2 may offer the greatest advantage. Finally, our results
suggest that SRPE appears to be more closely related to VL than %1RM.
Key words: Training load, internal load, session RPE, RPE load, global load
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INTRODUCTION
It is widely acknowledged that internal physiological responses induced
primarily from training, but also from non-training variables, are responsible for
the total physiological stress placed on athletes (37,38,23). Referred to as
internal load (2,28), this total physiological stress is viewed as being the
determinant of whether an athlete’s adaptations are positive or negative and
whether the outcome is performance enhancement, overtraining, illness, or
injury (25,18). This makes the quantification and monitoring of internal load vital
for ensuring appropriate manipulation of training to induce desirable responses
and adaptations (16,23). Despite this, training is often monitored and quantified
using outcome measures such as distance travelled or the total volume of load
lifted with such variables often referred to as external load (45,31). Whilst
external load clearly provides important information (45), it may not accurately
reflect internal load therefore making the prediction and modification of
physiological outcome and adaptation very difficult.
Although methods of measuring training load from an external perspective (e.g.
global positioning, volume load) and internal perspective (e.g. heart rate, blood
lactate, hormones) are plentiful, a method to monitor internal load across all
training modes and intensities is desirable. One such method reported across
the literature (15,9,44,36) is RPE load (RPEL) which multiplies session RPE
(SRPE), as a measure of training intensity, with session duration, as a measure
of training volume, to provide a training load value. Previous research has
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validated RPEL for quantifying internal load across a variety of training modes
and sports (15,9,44,36).Despite this, researchers are yet to fully agree on the
efficacy of SRPE to estimate resistance exercise (RE) intensity, with some
claiming that SRPE may actually be more closely related to the volume load
(VL) of an RE session (31,41,48,11,35,46). Additionally the use of RPEL to
quantify internal load for RE has yet to be fully assessed (46,48,11,35), with the
external measure of VL often preferred. Whilst VL is an excellent method to
monitor external load (33,19), there is little evidence of its effectiveness to
estimate internal load. Additionally the VL equation does not allow it to be used
globally across all modes of training.
As HR based methods may not accurately reflect internal load during RE (16), it
is suggested that SRPE, RPEL and VL should be assessed against the
physiological responses associated with intensity and workload in RE. Blood
lactate has previously been linked to intensity (%1RM) and total work across
various training modes including RE (6,34,40). Cortisol is also altered by
various RE training modes and strongly associated with changes in intensity,
volume, and workload (35,10,24,1,47,51,42), and may also reflect stress
accumulated outside of training (29,14,8,20). Therefore, lactate and cortisol are
appropriate variables against which to compare internal workload quantification
methods.
Because RE is programmed in terms of sets, repetitions, and rest intervals, and
since rest intervals in RE are often extremely large in comparison to actual
work, the use of total session duration to quantify training volume may not be
appropriate (35). Consequently the use of a modified version of RPE L, which
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discards the summation of rest intervals, therefore accounting only for the total
duration of time that work was actually being performed (RPEL-2), warrants
assessment.
The aims of this study were therefore to (a) assess the usefulness of VL, SRPE,
RPEL, and RPEL-2 to estimate internal load from RE, and (b) to further assess
the interactions between SRPE, VL, and RE intensity.+.
METHODS
Experimental Approach to the Problem
Subjects each completed three RE protocols using 85%, 70%, and 55% 1RM in
a counterbalanced, randomised crossover design. VL, SRPE, RPEL and RPEL2 were subsequently calculated to allow cross method comparison across all
RE protocols. For each protocol subjects provided blood lactate and salivary
cortisol samples immediately pre, immediately post, and thirty minutes post RE.
These values were subsequently used to measure the relationships between
the workload quantification methods and the internal physiological response.
Subjects
Twelve physically active males (aged 25 ± 4y; height 180 ± 7 cm; mass 77 ± 10
kg), with at least 1 year RE experience, were recruited to participate in this
study. All reported participating in an RE programme of at least 2 sessions per
week for the twelve months prior to the study. All were also asked to conform to
the following instructions for each protocol: consume the same diet in the 24
hours prior to participation, refrain from eating 3-4 hours prior to participation,
consume only water during and for 30 minutes post participation, and abstain
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from exercise, alcohol, and caffeine for at least 48 hours before each session.
Participants confirmed that they had adhered to the instructions prior to
commencing each session, although diet records were not taken. Subjects were
screened using a medical questionnaire to confirm adequate health and all
completed informed consent. Ethical approval was granted by Teesside
University Ethics Committee. Procedures
One week prior to starting RE protocols, participants completed 5RM testing in
line with recommended procedure (4), for each resistance exercise used Table
1). 5RM testing was used in preference to 1RM testing in order to account for
differences in training experience between participants, therefore reducing
safety concerns and the impact of participant anxiety on test results. The tests
were performed in an alternate lower body / upper body fashion in order to
reduce the impact of acute local cumulative fatigue on test results. Test order
was back squat, chest press, deadlift, bent over row, and Romanian deadlift. All
tests were preceded by a standardised warm up, firstly performing a set of 10
repetitions approximately 50% of estimated 5RM. Participants then completed
10 repetitions and 7 repetitions at 70% and 90% of estimated 5RM,
respectively. Testing was then completed within 3-5 attempts per exercise,
using increases of 5-10% if the previous set was completed successfully. A set
was successfully completed when all repetitions were completed with the
appropriate technique. Where a set was not successfully completed the load
was reduced by 2.5-5% for the subsequent set. A rest period of 3 minutes was
given between each attempt. Technique standardisation for each exercise was
in line with recommendations (4), with the exception of the Romanian deadlift.
Technique for this exercise was standardised using the following criteria. Start
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with feet between hip and shoulder width apart; keep chest up, back straight,
and slight bend in knees; keep bar close to body lowering barbell to just below
kneecap; keeping back straight, stand up and fully extend hips. This technique
was used due to safety concerns regarding the lumbar spine when lowering the
barbell to the floor without appropriate posterior chain flexibility. Individual loads
for each session and exercise were calculated based on 1RM’s estimated from
the 5RM tests (4). Participants were also familiarised with blood lactate and
salivary cortisol sampling techniques, the SRPE scale. Due to participant,
facility, and equipment availability, participants worked in two subgroups training
from 19.00–21.00 and 09.00–11.00 respectively. Each participant trained at the
same time of day for each session to account for the circadian rhythm of cortisol
(43). Following a standardised warm up, each session was completed using
three sets of each exercise performed in the same order, with two minutes rest
between sets. As Fisher et al (13) asserted that intensity in its truest sense
refers to the level of effort applied at a given load, it is argued that studies
assessing workload at different percentages of 1RM should control set endpoint
according to levels of relative effort at each given workload. To that end a set
was complete when the participant perceived that they were 1-2 repetitions from
volitional exhaustion. Protocols were performed with seven days of recovery to
minimise the impact of cumulative fatigue.
Blood was collected via finger venepuncture and analysed for lactate using a
YSI 2300 analyser (YSI UK ltd, Hampshire, UK). Saliva was taken via Sarstedt
salivette and analysed for cortisol using Salimetrics High Sensitivity Salivary
Cortisol Enzyme Immunoassay Kit and a Labsystems Multiscan Microplate
Reader, (Labsystems, Helsinki, Finlad). Values were subsequently used to
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calculate a delta (change; ) score for each participant for lactate and cortisol
by subtracting the pre values from the greatest of the post and post30 values.
Salivary cortisol has been found to be closely related to serum unbound cortisol
(r = 0.93) (39), with previous studies reporting its highest point of elevation to be
at 30 minutes post exercise (50,47). To ensure reliability of measures, intratester test-retest reliability was completed using samples obtained from the 12
participants during 5RM testing. Results were analysed using coefficient of
variation (CV) and intra-class correlation (ICC) with CV calculated as 5.6% for
salivary cortisol and 2.1% for blood lactate, and ICC values of 0.98 and 0.90,
respectively.
SRPE was recorded at post30 for each session by asking participants “how was
your workout” (16), whilst time per set and reps completed were recorded
throughout each session by a randomly assigned training partner. Values were
then used to calculate RPEL, RPEL-2, and VL (19).
***Insert table 1 about here***
Statistical Analyses
Data are presented as the mean ± SD. Using a custom-made spreadsheet (21),
all data were log transformed and then back transformed to obtain the percent
difference, with uncertainty of the estimates expressed as 90% confidence
limits, between training loads (VL, SRPE, RPEL, RPEL-2) for the three
resistance training protocols (55%, 70%, 85% 1RM). This is the appropriate
method for quantifying changes in athletic performance (22). Inference was then
based on the disposition of the confidence interval for the mean difference to
the smallest worthwhile effect; the probability (percent chances) that the true
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population difference between RE sessions was substantial (>0.2 SDs) or trivial
was calculated as per the magnitude-based inference approach (5). These
percent chances were qualified via probabilistic terms assigned using the
following scale: <0.5%, most unlikely; 0.5–5%, very unlikely; 5–25%, unlikely;
25–75%, possibly; 75–95%, likely; 95–99.5%, very likely; >99.5%, most likely
(22). A within-subject design was used to determine if high workload load
scores (VL, SRPE, RPEL, RPEL-2) were associated with greater changes in
post-session cortisol and blood lactate. This is the appropriate method as it
permits the analysis of within-subject changes by removing between-subject
differences (7). Within-subject correlations were therefore calculated between
the participants’ VL and SRPE scores, and  cortisol and  lactate with the
measures training load following the three resistance training protocols (55%,
70%, 85% 1RM). Confidence limits (90%) for the within-participant correlations
were calculated as per Altman and Bland (3). The following scale of magnitudes
(22) was used to interpret the magnitude of the correlation coefficients: <0.1,
trivial; 0.1-0.3, small; 0.3-0.5, moderate; 0.5-0.7, large; 0.7-0.9, very large; >0.9,
nearly perfect.

RESULTS
***Insert table 2 about here***
Descriptive data for the three resistance training protocols are presented in
Table 1. We observed clear, substantial increases in all measures of training
load (VL, SRPE, RPEL and RPEL-2) with progressive decreases in exercise
intensity, as determined by % of 1RM (Table 2). Clear, substantial increases
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were also recorded for the  lactate and  cortisol following the 55% 1RM
protocol when compared to the 70% and 85% 1RM protocols. The differences
for the  lactate and  cortisol following the 70% 1RM protocol when compared
to the 85% 1RM protocols were less clear.
There were small correlations between SRPE (r = 0.25; 90% confidence limits;
0.32), RPEL (r = 0.23; 0.32) and RPEL-2 (r = 0.19; 0.32) with  cortisol and
a trivial correlation between VL with  cortisol (r = 0.01; 0.28). Moderate
correlations were shown between VL (r = 0.42; 0.29) and RPEL-2 (r = 0.38;
0.29) with  lactate, and small correlations between SRPE (r = 0.25; 0.32)
and RPEL (r = 0.25; 0.32) with  lactate. There was also a large correlation
between SRPE and VL (r = 0.55; 0.25).
***Insert table 3 about here***

DISCUSSION
The aims of this study were to (a) assess the usefulness of VL, SRPE, RPEL,
and RPEL-2 to estimate internal load from RE, and (b) to further assess the
interactions between SRPE, VL, and RE intensity. This is the first study to
assess the use of SRPE, VL, RPEL, and RPEL-2 to estimate internal load from
RE at different intensities, and further adds to the literature regarding the
interaction between SRPE, VL and RE intensity. All measures of workload
substantially differentiated between RE at different intensities, with greater
workload values at 55% 1RM and lower workload values at 85% 1RM. Our
participants also exhibited substantially higher internal loads from RE at 55%
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1RM compared to 70% and 85% 1RM, although the lack of substantial
difference between RE at 70% and 85% shows that internal responses did not
follow the same trends as measures of workload. The findings also suggest that
measures of workload, particularly VL and RPEL-2, may be related to internal
load when measured via change in lactate, but not when measured by change
in salivary cortisol. Finally, our results showed that SRPE did not reflect
intensity when expressed as %1RM, although it was largely associated with VL.
Greater workloads were achieved at lower intensities and lower workloads.at
higher intensities, for all measures of workload. This suggests that with set
endpoint and inter-set rest standardised, RE at a lower %1RM may result in
greater internal loads. This was somewhat supported by the changes in cortisol
and lactate, which were also greatest at 55% 1RM. In contrast to measures of
workload, the less clear differences in cortisol and lactate change from RE at
70% 1RM compared to 85% 1RM make it difficult to make any strong
inferences about the differences in physiological response between these
sessions. This perhaps suggests that the between intensity differences in
measures of workload may have been contributed to by physiological variables
not measured in the present study. This observation is supported by the small
and trivial correlations between measures of workload and cortisol. The
moderate positive correlations seen from VL and RPEL-2 with lactate
suggested that these measures of workload may moderately reflect internal
load from RE at different intensities. The small correlations seen from SRPE
and RPEL with lactate suggest these may be less able to reflect internal load
from RE at different intensities.
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Due to the lack of previous research assessing the usefulness of VL, RPEL,
and RPEL-2 to quantify workload from RE, comparisons to the current study are
difficult. McBride et al (2009) assessed the use of various workload
quantification methods from hypertrophy, strength, and power protocols,
although inferences about their ability to estimate internal load could not be
made as none of these methods were compared to any measure of internal
physiological response.. Regardless, the authors reported greater VL values as
a result of the strength protocol, although this could be explained by the large
differences in sets and reps performed between protocols. Additionally inter-set
rest period and set endpoint relative to effort were not accounted for, meaning
the results cannot truly be used to assess the ability of VL to differentiate
between RE at different intensities. Our results were in-line those of Pritchett et
al (2009) who reported that VL was greater from a session performed at 60%
compared to 90% 1RM. The authors standardised set endpoint, having all
participants perform sets to volitional exhaustion. They also standardised interset rest period, therefore reducing the impact of further confounding variables
on the results.
Previous research has reported that in RE lactate and cortisol responses tend
to be greater from protocols utilising the greatest VL, lowest %1RM, and the
shortest rest periods (47,34,10). We report similar findings, although perhaps
due to the standardised inter-set rest periods and standardised set end point,
smaller between intensity differences were evident in the current study.
Additionally the difference in lactate and cortisol responses between RE at 70%
and 85% appeared smaller and less clear in the current study than previously
reported. The current study’s standardisation of set endpoint and inter-set rest
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period during the current study again may be able to account for these
inconsistencies.
The lack of strength in correlations between measures of workload and salivary
cortisol suggests that these measures do not accurately reflect cortisol
response to RE. Similar findings were reported by McGuigan et al (2004),
although only between SRPE and cortisol. Previous research has also shown
that cortisol responses from RE are greater in fitter individuals (32,17). It is
therefore possible that the heterogeneity in strength levels observed in the
present study may have been an important influencing factor on the relationship
between salivary cortisol and measures of workload. (Table 1). As SRPE and
RPEL have previously been used to accurately reflect internal load via other
physiological measures from other training modes (15,9,42,35), it is possible
that salivary cortisol is not an accurate measure of internal load from RE.
Previous research has reported that RPE can be influenced by a host of
psycho-physiological variables (12), possibly explaining why the relationships
found in the current study were not stronger. Specific to RE, previous research
has reported RPE to be related to neuromotor activity as measured by
electromyography (EMG) (26,27). Additionally other researchers have reported
a variety of other neuromuscular, metabolic and hormonal measures to be
altered from RE (10, 26, 34, 42, 47). It is therefore possible that measuring
alternative physiological variables may have resulted in greater relationships
with our measures of workload, allowing a greater insight into their effectiveness
as measures estimators of internal load.
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The relationship between VL and lactate appeared similar to those reported by
previous researchers (34,47), with lactate response suggested to largely be a
product of the total work encountered during RE. Although previous research
has failed to assess the relationship of the lactate response to RE with SRPE,
RPEL, and RPEL-2, the results of the current study suggested that RPEL-2 may
be the superior of these three measures, closely behind VL. This is possibly due
to its ability to account for the total time working rather than the full session
duration, which may be an important consideration when assessing training
protocols with long rest periods (35). As the correlation was close to that
observed between lactate and VL, RPEL-2 may be similarly capable of
estimating internal load, with the advantage of also being usable in other
training modes. This suggests that RPEL-2 may provide a useful global
workload quantification method, although the moderate correlation again
suggests that other physiological variables may have also contributed to the
RPEL-2 values.
SRPE did not reflect intensity when expressed as %1RM, although it did have a
large relationship with VL. The results of the current study are supported by
Pritchett et al (2009) who reported that SRPE was largely associated with VL,
even when the higher VL values were achieved from session performed at the
lowest %1RM. Lodo et al (2012) further supported these findings with a two part
experimental design. In the first experiment participants each performed RE in a
strength orientated session (10 sets of 4RM), a hypertrophy session (8 sets of
8RM), and an endurance session. Significant positive correlations were found
between VL and SRPE with the highest values achieved from RE at higher
intensities. In the second experiment participants each performed RE sessions
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at 50% 1RM and 75% 1RM with VL matched between sessions. Significant
positive correlations were again found between SRPE and VL and no significant
differences were found between intensities for SRPE.
Despite this, other studies have reported that SRPE is a valid and reliable
method to monitor RE intensity and different types of RE, with SRPE tending to
reflect intensity when expressed as %1RM (30,48,11,35,46). There are several
possible explanations for these differences. Firstly, all of these studies failed to
control or account for VL. Without this being controlled or accounted for it is not
possible to clearly infer whether the SRPE values may have been more strongly
associated with VL than %1RM, although based on the findings of the current
study, and the similar findings from Pritchett et al (2009) and Lodo et al (2012),
this could be a possibility. Interestingly, retrospective analysis of the methods
from those studies showing a relationship between %1RM and SRPE, does
allow an alternative version of VL (AVL) to be calculated for the RE sessions at
all intensities performed. AVL multiplies sets × reps × the %1RM values for
each session, rather than using the absolute load values usually used (18).
Reviewing the results using these values reveals variable findings. In two of the
four studies AVL followed the same trend as SRPE (35, 30), whilst in the other
three (48,11,46) AVL values were inverse to SRPE. Despite this, further
analysis of the methods reveal that in these 3 studies RE was performed at
90% 1RM using 4-5 reps, 70% 1RM using 10 reps, and 50% 1RM using 15
reps. As previous authors have asserted that intensity in its truest sense refers
to the level of effort applied at a given load (13), it is of interest to review these
results according to this premise. Utilising RM prediction tables (4) and
equations (43) reveals that performing 4-5 reps at 90% 1RM, 10 reps at 70%
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1RM, and 15 reps at 50% 1RM, equates to approximately 100%, 85%, and less
than 70% of an estimated maximal effort at each given load, respectively.
Indeed, looking across all studies discussed it can be seen that when estimated
relative effort was similar between sessions at a different %1RM, VL or AVL
was associated with or followed a similar trend to SRPE. When VL or AVL was
equal or inverse to SRPE, estimated relative effort followed a similar trend to
SRPE. In contrast when VL or AVL was equal or inverse to SRPE, with set end
point standardised in terms of relative effort, %1RM did not follow the same
trends as SRPE. Given these facts and that SRPE asks participants the broad
question “how hard was your session” rather than “how intense was your
session in relation to your 1RM”, it is possible that VL, and the level of effort
applied at a given %1RM, may have a greater influence on SRPE than %1RM
alone. . Based on the current findings, and those of previous studies, it is likely
that SPRE in RE is affected by more than simply %1RM with VL likely a
contributory factor, and relative effort at a given load also potentially playing a
role. Future studies may look to further assess exactly how these variables
interact with each during RE. .

PRACTICAL APPLICATIONS
Although all measures of workload were able to differentiate between RT at
different intensities, VL and RPEL-2 may be superior for estimating the internal
load achieved. Therefore when RE is the only training mode VL may offer the
best of the four methods to monitor workloads. When other training modes are
being utilised RPEL-2 may be the method of choice, although more research
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into its use during RE, and other training modes, is required before it can be
broadly recommended. It may also be of interest to practitioners and
researchers to monitor intensity using relative effort at a given load rather than a
percentage of maximal effort, although this again needs more research before
being broadly recommended. There were several limitations to the current
study. As set-endpoint in the current study was regulated by individual
perception, potential discrepancies in effort across participants may have
affected the results. Furthermore, participants were required to adjust load for
their partner between sets which would likely have influenced physiological
responses and RPE values. As previous research has reported the benefit of
using RPEL and SRPE across a variety of training modes, the findings of the
current study should not be interpreted as reason to no longer utilise them.
Despite this, the current findings do suggest that more research in to their
usefulness across training modes utilising a variety of methodological
approaches is warranted, with a particular focus on RE.
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Table 1. Strength testing data (mean ± SD) all exercises used
5RM (kg)

Estimated 1RM (kg)

Back Squat

97.29 ± 19.47

112.08 ± 22.81

Chest press

77.29 ± 12.94

89.17 ± 14.75

Deadlift

110.42 ± 25.40

126.88 ± 29.33

Bent over row

68.54 ± 11.00

78.86 ± 13.29

Romanian deadlift

88.75 ± 11.51

101.82 ± 13.83
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Table 2. Descriptive data (mean ± SD) for the four measures of training load
and the  cortisol and  lactate following the three resistance training protocols
(55%, 70%, 85% 1RM)
Protocol

55% 1RM

VL (kg)

12396 ± 944

SRPE

8.0 ± 1.6

RPEL

4596 ±

 cortisol

 lactate

(µg/dl)

(mmol/L)

347 ± 50

0.33 ± 0.39

5.7 ± 2.0

RPEL-2

1145
70% 1RM

10560 ±

6.9 ± 1.4

3154 ± 589

279 ± 70

0.05 ± 0.19

4.8 ± 1.7

6.2 ± 2.2

2168 ± 715

248 ± 77

0.25 ± 0.19

5.1 ± 2.1

1753
85% 1RM

8319 ± 1412
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Table 3. Percentage difference with 90% CL and practical inferences, for
between protocol comparisons (55%, 70%, 85% 1RM) on outcome measures.
Mean %
Intensities
difference

Practical Inference

(% 1RM)
(±90%CL)
55% to 70%

17 63

Most likely a substantial difference

55% to 85%

46 79

Most likely a substantial difference

70% to 85%

24 7.5

Most likely a substantial difference

55% to 70%

16 9.4

Very likely a substantial difference

55% to 85%

29 12

Most likely a substantial difference

70% to 85%

12 17

Likely a substantial difference

55% to 70%

21 11

Very likely a substantial difference

55% to 85%

36 12

Most likely a substantial difference

70% to 85%

12 17

Likely a substantial difference

55% to 70%

49 15

Most likely a substantial difference

55% to 85%

107 14

Most likely a substantial difference

70% to 85%

39 21

Very likely a substantial difference

55% to 70%

18 16

Likely a substantial difference

55% to 85%

15 13

Likely a substantial difference

70% to 85%

-3 17

Possibly a trivial difference



55% to 70%

148 156

Very likely a substantial difference

cortisol

55% to 85%

102 184

Likely a substantial difference

(µg/dl)

70% to 85%

-19 44

Possibly a substantial difference

VL

SRPE

RPEL

RPEL-2

 lactate
(mmol/L)
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