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The present study aimed to analyze the relationship between variables related to the 
internal and external loads of training and competition races as well as to athletes’ 
perceptions of well-being measured throughout the course of a 4-week mesocycle. It 
also aimed to analyze the intra- and inter-week variations in terms of training load and 
well-being. The study included the participation of 47 male recreational athletes competing 
in the national championships of trail running in Portugal (age: 34.85 ± 8.88 years; height: 
1.77 ± 0.58 m; body mass: 65.89 ± 3.17 kg). During the 4 weeks, subjective perception 
of effort (RPE), training time (min), session-RPE (sRPE), distance covered (km), and 
perception of well-being (Hooper’s questionnaire) were monitored. Weekly RPE was 
greater in week 1 than in week 3 (p = 0.001; d = 0.563, small effect). Moreover, weekly 
sRPE was greater in week 1 than in week 2 (p = 0.001; d = 0.441, small effect). The 
correlations between the well-being variables and RPE that were found to be significant 
with small magnitudes are those between sleep and RPE (r = 0.287; p = 0.001), stress 
and RPE (r = 0.217; p = 0.001), fatigue and RPE (r = 0.191; p = 0.001), muscle soreness 
and RPE (r = 0.240; p = 0.001), and Hooper’s index and RPE (r = 0.279; p = 0.001). 
Among the variables of the Cooper test and the competition race load, it was verified that 
VO2max had a negative correlation of an average magnitude with pace (r = −0.396, 
p = 0.015). The findings of the study suggest that small variations in training stimulus 
during the period of analysis and increases in maximal oxygen uptake result in improvements 
in the performance of trail running athletes when considering the running speed in the race.

Keywords: training monitoring, session-rated of perceived exertion, global positioning system, performance, 
sports training

INTRODUCTION

Changes in training load – particularly in the frequency, duration, and intensity of training 
sessions – are associated with the principle of training stimulus variability that seeks to optimize 
sports performance (Halson, 2014a). Training load monitoring can be  categorized into two 
forms: external load and internal load (Malone et  al., 2015). External load is understood as 
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the physical repercussions of training performed by an athlete, 
encompassing indicators such as distance, duration, and race 
intensity (Impellizzeri et  al., 2005). Internal load is associated 
with the biological response of the athlete to the external load 
imposed by training (Bourdon et  al., 2017).

In the training’s prescription, it is essential that the external 
and internal loads be  appropriate and that there is a balance 
between them, allowing for improvements in the performance 
of the athlete and for the reduction of overload or underload 
(Bartlett et  al., 2017). The correct planning of the training 
load through microcycles allows an approximation of the 
training regarding the requirements of races (Phibbs et  al., 
2018), causing fundamental specific adaptations in the athlete 
(Manzi et  al., 2010).

The monitoring of training loads requires an accurate and 
reliable evaluation of the determinants of the training process 
(Roos et  al., 2013). However, the use of different methods 
and/or techniques is dependent on the context, namely 
considering the applicability and the resources. As an example, 
the internal load can be  more objectively measured by using 
heart rate sensors or collecting a blood sample to determine 
the blood lactate (Twist and Highton, 2013). However, such 
methods are somehow invasive or not practical in some 
contexts. On the other hand, subjective scales of intensity 
(e.g., rated of perceived exertion) have been presenting very 
good levels of validity and reliability, are less invasive and 
more practical in realistic training scenarios (Haddad et  al., 
2017). Similarly, the external load quantification is also dependent 
on the context and will provide different information than 
internal load, mainly considering specific sports that require 
a great perception of the pace and intensity of running. For 
these cases, the global positioning systems are often used 
considering that may provide complementary information to 
coaches and athletes (Halson, 2014a).

Despite the unquestionable importance of quantification 
of the load to regulate the training process, the monitoring 
cycle of athletes does not finish with a simple quantification 
of the load. Other parameters related with the impact of the 
training stimulus on athletes are also a part of the monitoring 
process, namely considering the well-being parameters that 
include, among others, the perception of delayed onset muscle 
soreness (DOMS), fatigue, stress, or sleep quality (Hooper 
and Mackinnon, 1995). In this sense, the literature refers to 
well-being questionnaires as a good indicator of the evaluation 
of these variables, and the Hooper questionnaire (Hooper 
and Mackinnon, 1995) as being pointed out as a good tool 
to estimate the impact and to manage the dose of training 
in athletes.

Despite a great number of publications considering the 
training load quantification and well-being determination, the 
great majority of the studies are related to team sports (Roos 
et  al., 2013; Malone et  al., 2017) while just a few, to the best 
of our knowledge, are dedicated to individual sports (Stellingwerff, 
2012; Hernández-Cruz et  al., 2017). Among individual sports, 
the trail running practice has been increasing in the last few 
years and is a sport with an apparent necessity of load 
management considering the great distances covered by the 

athletes. This sport can be  characterized as a mountain run 
(Saugy et al., 2013) with race distances that may vary according 
to the type of competition, ranging between 10 and 894  km 
(Rowlands et  al., 2012). Trail running races are competitions 
that can last for several hours or even days because of accumulated 
unevenness and terrain specificity, with times varying from 
athlete to athlete (Easthope et  al., 2014).

Due to the specificity of trail running, researches have been 
carried out to characterize the load and the physiological 
requirements derived from races (Vernillo et al., 2016). Usually, 
maximal oxygen uptake between 60 and 85  ml·kg−1·min−1 can 
be found in this type of athletes (Gordon et al., 2017). Therefore, 
it seems reasonable to assume that the training process should 
be adjusted to the requirements of the race and must be properly 
varied during the weeks aiming to fit the load with the 
performance expectations of the athletes. Despite this necessity, 
there is a lack of evidence about how athletes manage and 
apply the load. This is particularly important because a great 
number of these athletes are non-professional (recreational) 
and for that reason, it is important to characterize how they 
manage the load during the training and identify the variations 
of well-being parameters during the week.

To the best of our knowledge, no information has been 
reported about the intra- and inter-week variations of training 
load and well-being of trail runners. Based on that, the first 
purpose of our study was to characterize the training load 
(internal and external) and well-being parameters of trail runner 
athletes during a mid-season and competitive mesocycle of 
4 weeks. As the second purpose of this study, we tested possible 
relationships (correlations) between aerobic capacity of athletes 
(estimated by a field-based test), performance in races (pace), 
and the training load variables, aiming to determine if the 
training process (namely intensity and volume) can be associated 
with the aerobic capacity and performance of these 
recreational athletes.

MATERIALS AND METHODS

Participants
Forty-seven Portuguese male trail running athletes (average 
age  =  34.85  ±  8.88  years; height: 177.34  ±  5.81  cm; weight: 
65.89  ±  3.17  kg; experience: 4.72  ±  2.11  years) participated 
in this study. On average, the athletes covered 35,159  m and 
trained for over 206  min per week. The absence of injuries 
during the study and the accomplishment of at least one and 
at most three races of the national championship of trail 
running were the criteria of inclusion. All participants provided 
informed consent in accordance with the recommendations of 
the Declaration of Helsinki for human study. The study was 
also approved by the local ethical committee (Polytechnic 
Institute of Viana do Castelo, School of Sport and Leisure) 
with the code number IPVC-ESDL171003.

Design
The external and internal loads and the well-being of trail 
running athletes were monitored throughout the month of 
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November 2017, during which 26 athletes participated in races 
of the national trail running championships. Despite participating 
in national trail running championships, the category of these 
athletes is recreational based on the fact that they are not 
professional and perform three sessions/week or less. However, 
for inclusion in this study, those reported less than three 
sessions per week were excluded from the analysis. From the 
athletes that participated in races, 65.4% competed in one 
race, 23.1% in two races, and 11.5% in three races. The races 
varied from a minimum of 10  km to a maximum of 300  km. 
The pace (min/km) made by the athletes during each race 
was collected to further correlations between aerobic capacity 
(as indicator of fitness level) and performance in race. In the 
week before the training load and well-being monitoring started, 
the 12-min Cooper test was implemented. During the training 
mesocycle, athletes were required to fill out the Hooper 
questionnaire before training sessions and races and to fill out 
the Borg scale after the end of training sessions and races. 
Both questionnaires were completed using an online form. 
External load was monitored using GPS (Global Positioning 
System) devices.

Data Collection: Global Positioning System
During the training sessions, the athletes used watches with 
GPS technology, enabling the collection of information regarding 
horizontal movement. The Polar V800 (37  mm × 56  mm × 
12.7  mm and weight: 79 g) (Roos et  al., 2017) was used based 
on its validity for the collection of positional information.

Hooper Index
The Hooper index (HI) questionnaire for assessing athletes’ 
well-being was administered individually, 30 min before training 
sessions and races, for the variables of sleep quality, stress, 
fatigue, and muscle soreness. Answers were given using scales 
of 1–7. For the variables of fatigue, stress, and muscle soreness, 
1  =  very, very low, and 7  =  very, very high. For sleep quality, 
1  =  very, very bad and 7  =  very, very good (Hooper and 
Mackinnon, 1995).

Rated of Perceived Exertion
The rated of perceived exertion (RPE) quantified by using the 
CR-10 Borg’s scale (Borg, 1998) was used as a measure of 
exercise intensity. On the CR-10 Borg’s scale, the 1 = very, 
very easy and 10 = extremely hard. The CR-10 Borg’s scale 
was firstly introduced to the participants aiming to familiarize 
them with the scale. After that, they have used the scale for 
2  weeks without including the data in the study just aiming 
to increase the familiarization and the accuracy of the 
athlete’s answers.

After such period, and during the data collection, the 
athletes scored the RPE 30  min after the end of training 
session in a dedicated online form built for the effect. 
Moreover, they reported the time of the session in minutes. 
Using both information (i.e., RPE score and time of the 
session), it was possible to determine the session-RPE (sRPE) 
that represents the overall internal load of the session by 

multiplying the RPE score for the time of the session in 
minutes (Foster et  al., 2001). The sRPE has been used as a 
valid and reliable measure of internal load (Haddad et  al., 
2017). The data were collected in all training sessions that 
occurred in the period of data collection, thus the sRPE 
was calculated on a daily basis.

The 12-min Cooper Test
A Cooper test with a duration of 12  min was performed for 
the estimation of cardiorespiratory capacity and the maximal 
oxygen uptake (VO2max). The test was performed while athletes 
were running or walking without interruption, and the total 
distance covered in the 12 min was recorded. All the participants 
reported previous experience and familiarization in this  
specific test, considering their previous participation in 
performance assessments.

A 5-min warm-up run was performed with a 10-min interval 
between the warm-up run and the test. All athletes performed 
the test in the same place between 10:00  a.m. and noon, with 
no precipitation at a temperature of 14°C and with a relative 
humidity of 45%. The test took place 72  h after the previous 
race or training session. The test was performed in an official 
athletic track and the distance covered by each athlete was 
collected immediately after the 12-min Cooper test. The distance 
covered (m) was one of the measures associated with the 
performance in the Cooper test. Moreover, using the distance 
on the Cooper test and the equation proposed in Bandyopadhyay 
(Bandyopadhyay, 2014), the maximal oxygen uptake of the 
athletes was estimated.

Data Analyses and Statistics
Descriptive statistics were presented in the form of mean, 
standard deviation, and 95% confidence intervals (presented 
in the Figures 1–4). The weekly RPE and well-being variables 
were treated as the average of the RPE and well-being variables 
in each week for each athlete and then integrated into the 
mean of the participants (Figures 3, 4). The weekly accumulated 
load and well-being [sum of the arbitrary units (A.U.) of 
all sessions of each week] were also calculated for each 
athlete and then integrated into the mean of the participants 
(Figures 1, 2).

Inter-week (comparisons of the weekly average of each 
measure between the 4  weeks) and intra-week (comparisons 
of the 4  weeks’ average of each measure in each training 
session) comparisons were tested with one-way repeated-measures 
ANOVA after confirmation of the assumptions of normality 
and homogeneity of the samples. The partial eta squared (h2) 
tested the effect size of the repeated-measures ANOVA. The 
magnitude inferences of h2 were defined as (Ferguson, 2009): 
no effect (h2 < 0.04), small effect (0.05 <h2  < 0.25), moderate 
effect (0.26 <h2 < 0.64), or strong effect (h2 > 0.65). The Tukey 
HSD post hoc test and the Cohen’s d tested the significances 
and the effect size of differences between factors. The following 
magnitude inferences were made for the Cohen’s d: 0.0–0.2, 
trivial effect; 0.2–0.6, small effect; 0.6–1.2, moderate effect; 
and 1.2–2.0, large effect.
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For the study of associations between well-being variables, 
training load; aerobic capacity; and the race performance, 
Pearson’s r test was performed. In the particular case of 
correlations tested with the performance in the races, it was 
used a mean of the pace of each participant in the races in 
he  has participated. According to the Hopkins classification 
followed for the study of the magnitude of correlations, correlation 
values were classified as follows (Hopkins et al., 2009): [0.0,0.1], 
trivial; (0.1,0.3], small; (0.3,0.5], moderate; (0.5,0.7], large; 
(0.7,0.9], very large; and (0.9,1.0], nearly perfect. Statistical 
procedures were performed in the statistical software SPSS 
(IBM, USA, version 23.0) for a significance level of 5%.

RESULTS

Intra- and Inter-Week Variations of Training 
Load and Well-Being
The descriptive statistics of accumulated (sum of the sessions 
of each week) training load parameters and well-being variables 
can be  found in Figures 1, 2, respectively.

Inter-week (changes between weeks) differences for the 
weekly average of RPE (p  =  0.011; h2  = 0.078, small effect) 
and sRPE (p  =  0.025; h2  = 0.065, small effect) were found. 

Weekly RPE was greater in week 1 than in week 3 (p  =  0.001; 
d  =  0.563, small effect). Moreover, weekly sRPE was greater 
in week 1 than in week 2 (p  =  0.001; d  =  0.441, small effect). 
No significant changes in weekly duration (p  =  0.12; h2 = 
0.40, no effect) and distance (p  =  0.062; h2 = 0.062, small 
effect) were found.

No significant changes were found in weekly sleep (p = 0.389; 
h2 = 0.030, no effect), weekly stress (p  =  0.537; h2  = 0.022, 
no effect), weekly fatigue (p  =  0.319; h2 = 0.035, no effect), 
and weekly muscle soreness (p  =  0.562; h2 = 0.020, no effect).

Intra-week (changes within week) analysis of training load 
and well-being parameters can be  found in Figures 3, 4, 
respectively. Repeated-measures ANOVA did not reveal 
significant changes between the training sessions of the week 
in the distance (p  =  0.618; h2 = 0.002, no effect), duration 
(p  =  0.303; h2 = 0.005, no effect), RPE (p  =  0.751; h2 = 
0.001, no effect), and internal load (p  =  0.915; h2 = 0.001, 
no effect).

Intra-week comparisons of well-being variables also revealed 
no significant changes between training session in sleep quality 
(p  =  0.776; h2 = 0.001, no effect); stress (p  =  0.233; h2 = 
0.006, no effect); fatigue (p  =  0.557; h2 = 0.002, no effect); 
muscle soreness (p = 0.852; h2 = 0.001, no effect); and Hooper 
index (p  =  0.733; h2 = 0.001, no effect).

FIGURE 1 | Weekly variations of accumulated (sum of the A.U. of all sessions of each week) RPE and session-RPE (sRPE).
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Association Between Well-Being and 
Performance in Training
The mean values of the RPE, s-RPE, and well-being variables 
during 4 weeks of training of trail running athletes can be seen 
in Table 1.

The correlation between well-being variables and training 
load variables was identified in order to identify possible 
associations between these variables throughout the training 
process. The results of Pearson’ correlation coefficients r can 
be  found in Table 2.

Physical Variables and Performance  
in Evidence
Table 3 presents the mean values of the participants who 
underwent the 12-min Cooper test and the races performed 
during the mesocycle.

The Pearson’s correlation analysis was performed between 
the performance variables in the Cooper test and the sports 
performance measured in the race (Table 4). Positive and 
significant mean values were found between Cooper 12-min 
(m) and RPE (r  =  0.380, p  =  0.017), as well as negative values 
with moderate magnitude between Cooper 12 -min and the 
pace (r  =  −0.395, p  =  0.016). Similar results were observed 

between estimated VO2max and RPE (r  =  0.379, p  =  0.017) 
and the pace (r  =  −0.396, p  =  0.015).

DISCUSSION

Significant changes of RPE and s-RPE were found between 
the first and the third weeks and the first and the second 
weeks, respectively. Despite that, no more significant changes 
were found between weeks, possibly suggesting that there 
is a lack of progression in the stimulus and variability inter-
week that is crucial to optimize the performance and to 
reduce the exposure to injuries (Gabbett, 2016). In fact a 
stabilization of the load may contribute to a performance 
plateau and, for that reason, it is interesting to identify that 
these athletes are not promoting (in a significative scale) 
the principles of variability and progression of the load 
based on the general absence of changes in the training 
load during the week and even the general comparisons 
between accumulated load over the weeks analyzed. One 
possible cause to observe such tendency can be  the fact 
that during the period the athletes participated in races, 
and this may be  constrained the variability within the 
mesocycle. As previously mentioned, the mesocycles occurred 

FIGURE 2 | Weekly variations of accumulated (sum of the scores of all sessions of each week) stress, fatigue, DOMS, and sleep quality.
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in mid-season during the competitive period; however, and 
depending on the goal of each athlete, some variability in 
terms of the training process may occur. This should 
be  considered a limitation of the present study. Despite 
that, the descriptive statistics of the internal load revealed 
that the sRPE per training day was relatively similar to that 
of the previous reports in race athletes (Da Silva et  al., 
2014). Another evidence was that no intra-week changes 
(differences between sessions within the week) were found 
in training load or in well-being variables, suggesting that 
the training within the week is almost the same between 
training sessions, again revealing a lack of variability in the 
training stimulus.

The analysis of well-being variables and training load  
(Table 1) allowed us to observe possible associations between 
these two factors during the mesocycle. By analyzing Table 2 
for correlation values, it can be  seen that sleep quality has a 
significant small magnitude with all training load variables, 
indicating that sleep may have consequences related to athlete 
performance (Halson, 2014b). The stress variable only correlates 
in a significant way with RPE, although with a small magnitude, 
which may lead to an incorrect perception of the internal 
load resulting from the training sessions or races, and this 
may provide mismatched feedback for training monitoring 
(Halson, 2014a). Fatigue correlates significantly at a small 
magnitude with RPE and internal load variables, showing that 

FIGURE 3 | Intra-week variations of distance, duration, RPE, and session-RPE (sRPE) (averages of 1st, 2nd, and 3rd training sessions of the week).
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high levels of RPE indicate the presence of fatigue (Gescheit 
et  al., 2015). DOMS had a small magnitude with distance, 
RPE, and internal load. This correlation suggests that an athlete’s 
perception of muscle soreness is related to the impact of the 
race (Govus et  al., 2017). The Hooper index scores correlate 
significantly, albeit with a small magnitude, with the variables 
of distance, RPE, and internal load. This result allows us to 
affirm that athletes who train or race with high Hooper index 
values are likely to have low levels of well-being, resulting in 
a reduction in performance (Gescheit et  al., 2015).

Aerobic capacity of the athletes was tested to further correlations 
with performance in race. Our results in the 12-min Cooper test 
presented mean values of 3168.97  m. The values were similar 
with those reported by Kumar (2015). Also, mean values of  
59.56 ± 6.43 ml·kg–1·min–1 (VO2max) were estimated in our recreational 

FIGURE 4 | Intra-week variations of sleep quality, stress, fatigue, and DOMS (averages of 1st, 2nd, and 3rd training sessions of the week).

TABLE 1 | Descriptive statistics (M ± SD) of well-being variables and training 
load during the mesocycle (average of the training session).

Mean SD

Sleep (A.U.) 2.55 1.15
Stress (A.U.) 2.68 1.16
Fatigue (A.U.) 2.95 1.16
DOMS (A.U.) 2.55 1.27
Hooper index (A.U.) 10.72 3.99
Distance (km) 11.28 5.31
Duration (min) 66.43 39.07
RPE (A.U.) 2.95 1.54
sRPE (A.U.) 213.79 223.95

DOMS, delayed onset muscle soreness; RPE, rate of perceived exertion in the CR-10 
Borg’s scale; sRPE, session-RPE representing the multiplication of RPE by the time in 
minutes; A.U., arbitrary units.
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athletes. The correlation between the Cooper test and RPE showed 
positive and significant values, suggesting that a greater performance 
in Cooper may allow achieving higher intensities in training 
sessions. However, more interestingly, negative correlations were 
found between distance covered at Cooper test and estimated 
VO2max with the pace in races, suggesting that greater aerobic 
capacity increases the intensity of running during official races. 
These results are in agreement with the literature regarding VO2max 
as being the variable with the greatest effect on success in medium- 
and long-distance races (Bassett and Howley, 2000), being 
determinant to be  succeeded.

The values obtained in the present recreational trail runners 
during races revealed a mean of perceived intensity of 6.15 ± 2.24 
on the Borg scale. The pace of the athletes during races presented 
a mean of 7.38 ± 2.04 min/km. According to a study on running 
athletes by Dantas and Doria (2015), the pace was 4.05  min/
km over a distance of 10  km, 4.21  min/km over the distance 
of a half marathon, and 4.48  min/km over the distance of a 
marathon. The differences between both values can be associated 
with the typology of long-running activities considering that 
trail running means to run in mountains with great variations 
in terms of terrain and accumulated unevenness involved.

Despite its contributions, our study had some limitations. 
For future studies, we recommend that heart rate during training 
sessions and competitions can be  considered. Caloric intake 
should also be  considered in order to determine the influence 
it has on the performance level. Moreover, hydration levels 
resulting from the excess body temperature of the athletes 
during a race should be  also controlled. This can be  also 
associated with the internal load in race considering that 
dehydration in trail running athletes causes increases in heart 
rate, which results in increases in fatigue levels and in an 
erroneous perception of effort. Finally, in the case of professional 
athletes, it would be  important to compute some robust 
parameters associated with training load analysis, namely, the 
acute: chronic workload ratio, training monotony, and 
training strain.

This competitive 1-month analysis of trail running athletes 
demonstrated that well-being variables had small correlations 
between RPE and sRPE. Moreover, a negative correlation was 
observed between aerobic capacity measured in the Cooper 
test and the estimated VO2max with the pace in race, demonstrating 
that increases in maximal oxygen consumption translate into 
improvements in the pace and performance of athletes.

CONCLUSIONS

It was found that, generally, there are no significant changes 
of training load and well-being parameters within and between 
weeks. Small correlations were found between training load 
parameters and well-being variables. A third evidence was that 
moderate correlations between aerobic capacity and performance 
in race revealed that higher levels in maximum oxygen 
consumption (VO2max) reflect a decrease in pace (min/km) and, 
consequently, in performance improvements during races.
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TABLE 2 | Correlation values (r) between well-being variables and training load 
along the mesocycle.

Distance 
(km)

Duration 
(min)

RPE (A.U.) sRPE (U.A.)

Sleep (A.U.) 0.207b 0.153b 0.287b 0.249b

Stress (A.U.) −0.007 −0.038 0.217b 0.079
Fatigue (A.U.) 0.068 0.012 0.191b 0.109a

DOMS (A.U.) 0.134b 0.098a 0.240b 0.193b

Hooper index 
(A.U.)

0.120b 0.068 0.279b 0.188b

RPE, rated of perceived exertion in the CR-10 Borg’s scale; DOMS, delayed onset 
muscle soreness; sRPE, session-RPE representing the multiplication of RPE by the time 
in minutes. aSignificant correlation at p < 0.05. bSignificant correlation at p < 0.01.

TABLE 3 | Descriptive statistics (M ± SD) of the 12-min Cooper test and race 
values during the mesocycle.

Mean SD

Cooper test 12-min (m) 3168.97 287.57
VO2max (ml/kg/min−1) 59.56 6.43
RPE (A.U.) 6.15 2.24
Pace (min/km) 7.38 2.04

RPE, rated of perceived exertion in the CR-10 Borg’s scale.

TABLE 4 | Correlation values (r) between the performance variables in the  
12-min Cooper test and load during the races.

RPE (A.U.) Pace (min/km)

Cooper test 12-min (m) 0.380a −0.395a

VO2max (ml/kg/min−1) 0.379a −0.396a

RPE, rated of perceived exertion in the CR-10 Borg’s scale. aSignificant correlation at 
p < 0.05.
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