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Abstract: 
The rate of perceived exertion (RPE) is an indicator that uses numerical scales and verbal and/or visual 
descriptors and is used at a sports level to determine the intensities of physical exercise.The objetive of this study 
was to examine the relationships between the RPE among runners and various factors including age, gender, 
BMI, average heart rate (HRmean), maximum heart rate (HRmax), performance and sports habits. The ultimate 
goal was to advocate for the use of the CR-10 test as a means of monitoring effort levels in athletes. The study 
comprised a sample size 278 participants. The normal distribution of data was assessed using the Kolmogorov-
Smirnov statistical test, while the Kruskal-Wallis test was employed to compare the variables. To verify the 
association between variables, Spearman’s coefficient and principal component analysis (PCA) were used. In the 
PCA, three components were obtained that explain 57.4% of the variance; RPE is grouped with HRmax and 
HRmean, while age and volume of weekly training are grouped by the other. The performance variables (final 
time in race; r= -0.151, p<0.05) and physiological variables (HRmax; r= 0.223 p<0.05), show correlation with 
respect to RPE levels. There are also correlation between age/BMI, age/ HRmax, HRmax/HRmean and final 
time in race/PA volume training. The results indicate that there were no significant differences in RPE levels 
between trained and untrained runners during the race, or between regular runners with different training 
volumes. It could be concluded that the use of the Borg CR10 scale could be used in sport as a useful instrument 
for establishing the degree of intensity of exercise during physical exertion, irrespective of level. 
Key Words: - athletes, subjective perception, intensity, fatigue, training 

 
Introduction 

Rating of perceived exertion (RPE) is an indicator that uses numerical scales, and verbal and/or visual 
descriptors to calculate intensities of physical exercise (Bakhareva, Aminov, Cherepanov, Latypova & Stepanov, 
2022; Eston, 2012). As Robertson and Noble (1997) point out, RPE can be understood as the subjective intensity 
of effort, strain, discomfort and/or fatigue experienced during physical exercise. RPE levels during exertion are 
linked to physiological and psycho-cognitive changes, and can therefore be used to determine the intensity of a 
particular physical task. 

The most commonly used physiological markers by coaches and athletes are oxygen uptake (VO2), 
heart rate (HR), blood lactate concentration and respiratory rate (RR). Various studies have demonstrated how 
these physiological variables combine with RPE levels during incremental and ongoing exercise (Chen, Fan & 
Moe, 2002; Groslambert & Mahon, 2006). Specifically, Chen et al. (2002) results indicate that the highest 
correlations between ratings of perceived exertion and various physiological criterion (VO2, ventilation) 
measures occur when male participants  are required to maximally exert themselves or when the exercise task is 
unusual (e.g.  swimming, when measuring heart rate or when the 15-point RPE scale measuring blood lactate 
concentration is used).  

The results of this meta-analysis also suggest that respiration rate is probably the best indicator of 
physical exertion. On the other hand, Groslambert & Mahon (2006) show in their study that before 4 years, 
children are not able to rate their perceived exertion with a high degree of accuracy. From 4 years, it seems that 
the peripheral cues provided from muscles and joints are at first involved in perceived exertion. After five years, 
the cardio-respiratory factors are progressively involved and allow six-year-old children to estimate and produce 
accurately three levels of running intensity from their perceived exertion. From eight to 12 years of age, children 
are able to discriminate up to four levels of exertion but are sensitive to the exercise mode and also the rating 
scale used. In adolescents, it appears that the RPE-HR correlation is less pronounced than adults and RPE values 
are influenced, like in children, by the mode of protocol used. Other variables that have been studied in different 
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sports along with the RPE have been core temperature, mean-weighted skin temperature, metabolic rate, air 
temperatures (Iyoho, MacFadden & Ng, 2015) or hormonal indicators (Balsalobre-Fernández et al., 2014). 

According to various authors, RPE increases during exercise and reaches maximum levels when 
physical exhaustion is reached, and can be used to predict the level of fatigue during exercise (Crewe, Tucker & 
Noakes, 2008; Eston, Faulkner, St Clair Gibson, Noakes & Parfitt, 2007). RPE levels can also act as a 
benchmark for a given level of physical activity (PA) in a way that enables us to complete the task (De Koning et 
al., 2011; Tucker, 2009). Based on these aspects, and based on the findings of Cuadrado-Reyes, Chirosa Ríos, 
Chirosa Ríos, Martin-Tamayo & Aguilar-Martínez (2012), RPE can be a useful tool for preventing injuries, 
avoiding overtraining points, as well as acting as a support tool for quantifying optimal training loads. 

Nevertheless, we share the view of Bergstrom et al. (2015), who conclude that RPE levels will depend 
on the intensity of the race, the physiological parameter analysed (HR, blood lactate concentration, RPE etc.), 
and the type of task. In this sense, several studies have suggested that intermittent training is perceived as being 
more intensive than ongoing training, although both protocols reflect similar internal loads in terms of 
autonomous equilibrium and blood lactate concentration (Cerda-Kohler, Pullin & Cancino-Lopez, 2015; Okuno 
et al., 2011) or that the longer warm-up protocols (25 min and 15 min) produced a higher RPE than the shorter 
ones (8 min) (Yanci, Iturri, Castillo, Pardeiro & Nakamura, 2019). 

As regards physiological and cognitive factors, Eston (2012) points out that RPE is moderated by 
psychological factors (cognition, memory, previous experience, understanding of the task) and situational factors 
(knowledge of the end point, duration, temporal characteristics of the task). Meanwhile, other studies have 
analysed sensory and social variables, where results indicate that runners who listen to music on their workouts, 
or who train with others, have lower RPE values (Montero, Rodríguez & García-de-Alcaraz, 2018). 

Other aspects to consider when studying RPE include the influence of caffeine, food or alcohol intake 
before recording RPE levels. Astorino et al. (2019) examined the effect of meal on RPE during self-selected high 
intensity interval exercise (HIIE). Studies such as the one by Cerda-Kohler et al. (2015) restrict intake of 
caffeinated drinks, alcohol and exercise for 24 hours before testing. 

Based on the foregoing analysis, and understanding the potential boundaries involved in using RPE 
scales, their simplicity and justified validity makes them popular as a useful instrument in clinical and sports 
contexts for establishing the intensity of exercise with an acceptable degree of reliability (Bakhareva et al., 
2022). Different RPE evaluation scales have been used, with the Borg 6-20 scale being the most used, and to a 
lesser extent the Borg CR-10 and Borg CR-100 scales. The correlation of RPE with physiological markers of 
exertion in adults (Arruza, Alzate & Valencia, 1996; Borg, 1985; Costa et al., 2020; Noble, Borg, Jacobs, Ceci & 
Kaiser, 1983; Scherr et al., 2013; Seiler & Kjerland, 2006) and children (Rodríguez & Gatica, 2016; Rodríguez, 
Zambrano & Manterola, 2016) have been clearly demonstrated by these scales. 

The use of the Borg physical exertion scale (CR-10), used in our paper, has also been used with children 
in running tests (Marinov, Mandadjieva & Kostianev, 2008). 

In adult runners, RPE correlated significantly with blood lactate training zone boundaries (Abe, 
Yoshida, Ueoka, Sugiyama & Fukuoka, 2015; Dantas et al., 2015). Previous papers rated 2 and 4 mmolo/L blood 
lactate concentration training zone boundaries as 4.3 and 6.5, according to the CR10 scale (Dantas et al., 2015). 
Abe et al. (2015) establish lower levels for the blood lactate threshold, rating it between 3.2 and 3.8 depending 
on the three groups of the sample they use in their study (trained runners, race walkers and untrained females). 
Other papers indicate that ventilatory anaerobic threshold and RPE score close to five, in sedentary and active 
women on a cycloergometer (Zamunér et al., 2011) and in beginner and experienced amateur runners (Castro, 
2016). Some studies conducted in runners conclude that the maximum RPE values are close to 8, with no 
differentiation of RPE levels between beginner or inexperienced runners and experienced runners, although these 
levels are reached more slowly in beginners. Studies show that the correlation between RPE and running speed 
depends on the sensitivity of the instrument used in the study to detect the intensities of the effort (Abe et al., 
2015; Castro, 2016). 

In the same vein, the paper by Held and Marti (1999) describes how at the same proportional level of 
maximal running velocity, poorly endurance-trained athletes showed a 2-3 4 mmolo/L higher capillary lactate 
concentration than endurance-trained athletes, although both groups indicated the same RPE (Borg 6-20).  
Finally, some studies point out that runners with higher average values of RPE during a season tend to be those 
who had run more kilometres and had higher average concentrations of cortisol during that season (Balsalobre-
Fernández, Tejero-González & del Campo-Vecino, 2014), so it could be concluded that training volume is linked 
to RPE. Our study was carried out in runners during a medium-distance competitive race (7 km), the “II Carrera 
Popular WeAreReady Málaga” organised by the University of Malaga, Spain, in which the possible differences 
in RPE after the competition were analysed based on the different variables: age and gender, anthropometric 
(BMI), physiological (HRmean and HRmax), performance in the race (final time), and sports habits of the 
participants, to analyze if there are differences in the RPE of runners and the variables mentioned above. The 
objective of the study was to determine the differences in the RPE of the runners and the variables mentioned 
above, with the aim of establishing possible guidelines in sports planning or implementing the use of CR-10 
habitually as effort control in athletes. 
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Methods  

Participants 

 The participants were 278 runners (201 men; age, 33 ± 11 years; weight, 74 ± 10 kg; height, 176 ± 8 
cm; BMI, 23.8 ± 2.5 kg m-2 and 77 women; age, 32 ± 10 years; weight, 58 ± 7 kg; height, 164 ± 6 cm; BMI, 
21.7 ± 2.1 kg m-2) out of a total of 882 competitors. After the competition, data on running and PA habits 
(whether they ran or engaged in any regular PA, weekly training volume, types of sports practiced, frequency and 
type of competitions practiced) were collected through a questionnaire. The HRmax and HRmean during the 
competition were obtained using multi-brand heart rate monitors, due to the size of the sample, heart rate 
monitors were placed on a randomly selected subsample of the 278 runners (98, 85 men and 13 women). The 
Borg CR10 scale (0, nothing at all; 3, moderate; 5, hard, 10, very, very hard) was used to evaluate RPE after the 
competition. In the same protocol, informed consent was collected from all runners, and the Declaration of 
Helsinki regarding human experimentation was complied with World Medical Association (WMA, 2013). 
Procedure 

The inclusion criteria of the participants in the study were that they were of legal age (+18 years old) 
and were in good health. During a meeting before the competition, participants received comprehensive 
information about the aim of research, levels of the Borg CR10 scale (0, nothing at all; 3, moderate; 5, hard, 10, 
very, very hard) to evaluate RPE after the competition and anthropometric data (height and weight) were 
collected. Body height was measured to the nearest 0.1 mm, and body mass (measured to the nearest 0.1 kg), on 
a calibrated WB-150 medical scale with a stadiometer (ZPU Tryb Wag, Poland) according to standardized 
guidelines, and the BMI was calculated on their basis. The research was performed in observance of the 
Declaration of Helsinki and upon the prior consent of the Bioethical Committee and the authorities of the 
University of Malaga and every participant signed a written consent form before the study. 

Subjects were instructed to wear the same kind of clothing (light shorts, light t-shirt, and running shoes) 
in the competition. All subjects were participants of the same race, so the temperature and humidity conditions 
were the same. Subjects performed a five min warm up before the competition. Time in the 7-km running 
competition was measured and registered by a chip, managed by the company GES&CON-CHIP. 
On the finish line of the competition a tent was set up where each participant with the help of the researchers, 
had to complete a questionnaire. This questionnaire collected levels of perception of effort through CR-10 scale, 
different questions about the participant's sports habits and the physiological results provided by the heart rate 
monitor. 

The questionnaire collects sports patterns from the participants as whether they run regularly, their 
weekly running volume, whether they compete regularly, the number of competitions they usually participate in 
monthly, whether they practice other sports and according to the sport discipline practiced.  
Physiological parameters (heart rate – HRmax and HRmean) were measured indirectly with multi-brand heart 
rate monitors. Every heart rate monitor was calibrated based on gender, year of birth and weight before the run. 
Statistical analysis 

The mean and standard deviation were calculated and the normal distribution of the data was checked 
using the Kolmogorov-Smirnov statistical test. Hypothesis testing was done with the Kruskal Wallis statistical 
test (non-parametric). To verify the association between variables, Spearman’s coefficient and principal 
component analysis (PCA) were used. A PCA was applied to the independent variables to identify the sources of 
common variance between age, RPE, BMI, final time in the competition, HRmean, HRmax, weekly running 
volume and weekly PA volume; the principal component (PC) extracted was considered significant if its 
eigenvalue was greater than one.  For all comparisons, a significance level of 0.05 was used and the control of 
this level of significance for the post hoc tests was done with Bonferroni's correction. The calculations were 
made with the statistical program Statgraphics Centurion XVI for Windows.  
 

Results 

From descriptive and graphical analysis of the main variables studied (Table 1 and Figure 1), what 
emerges is that the mean sample shows BMI levels within normal weight values (23.2±2.7 kg m-2) and within 
weight levels considered healthy. The participants had an average running training volume of 3.08 ± 3.06 and PA 
of 6.18 ± 4.14 hrs per week. More specifically, 81.3% ran regularly, and 61.2% participated in a competitive race 
monthly. The RPE presented similar values between men and women. 
 
Table 1. Mean results in runner variables by gender 

  Male Female Total 
Anthropometric 
Height (m)  1.76 ± 8   1.64 ± 6     1.73 ± 9 
Weight (kg)     74 ± 10      58 ± 7   70 ± 12 
BMI (kg.m-2)  23.8 ± 2.5   21.7 ± 2.1 23.2 ± 2.7 
Performance of the  
runners in the race 
Race time (min) 34.39 ± 6.11 42.28 ± 7.01 36.50 ± 7.00 
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Running pace (min x km) 4.57 ± .53  6.04 ± 1.00 5.50 ± .56 
Physiological and 
Psychological 
HRmean (ppm) 162 ± 15  170 ± 14 163 ± 15 
HRmax (ppm) 182 ± 12 186 ± 11 182 ± 12 
RPE   4.2 ± 1.8   4.3 ± 1.8   4.2 ± 1.8 
Weekly training volume 
Running (h) 3.4 ± 3.3 2.3 ± 2.1 3,1 ± 3.1 
Physical activity (h) **6.5 ± 4.1 **5.4 ± 4.3 6.2 ± 4.1 
Competitions per month 
Number of competitions **1.3 ± 1.3 **0.9 ± 1.3 1.2 ± 1.3 

 
Nb. The values are reported as the mean (standard deviation).  
Statistically significant difference (* p < 0.05, ** p < 0.01) 
 

 
 
Figure 1. Box- Whisker plots by gender and totals of the variables, BMI (A), final time in the competition (B), 
HRmean (C), HRmax (D), weekly running volume (E) and weekly PA volume (F). (The notch in the box 
indicates the median value). 
 
Table 2. Weekly training volume for age groups 

Weekly training volume Age group* Mean ± s 

Weekly running 
Volume (h) 

18-30 2.5a ± 2.3  
31-45 3.3b ± 2.4 
> 45 3.9b ± 3.3 

Weekly PA 
Volume (h) 

18-30 6.4a ± 4.0 
31-45 5.7a ± 4.0 
> 45 6.8a ± 4.7 

*Kruskal-Wallis Test, the same letter implies equality, at a level of p = 0.05. 
 

Table 3 shows the data obtained in the exploratory analysis, using gender, age, BMI group and sports 
habits as categorical variables, and employing the RPE levels for these variables. The means obtained are close 
to those achieved by the participants in the competition (4.2 ± 1.8), and are therefore very similar in the majority 
of the variables studied.  

The highest RPE values are found in those who compete in triathlon (4.9 ± 2.8), do it four times or more 
monthly (4.9 ± 2.4) and in those with a weekly PA volume of more than 8 hours per week (5.7 ± 2.5). 
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Table 3. Means of the gender, age, BMI group and sports habits variables, taking into account the mean of RPE 
as a factor 

Independent variable Feature Mean ± SD of RPE  

Gender 
Male 4.2 ± 1.8 
Female 4.3 ± 1.8 

Age 
18-30 4.4 ± 1.8 
31-45 4.1 ± 1.8 
> 45 4.4 ± 2.0 

Run regularly 
Yes 4.2 ± 1.9 
No 4.5 ± 1.7 

Practice another sport 
Yes 4.2 ± 1.8 
No 4.6 ± 1.8 

Compete regularly 
Yes 4.3 ± 2.0 
No 4.2 ± 1.7 

Type of competition 

Triathlon 4.9 ± 2.8 
Swimming 4.0 ± 1.0 
Team sports 4.6 ± 2.1 
Running 4.3 ± 1.8 
Do not compete 4.2 ± 1.7 

Nº competitions per month 

None 4.2 ± 1.8 
1 4.1 ± 1.8 
2 4.5 ± 2.1 
3 4.2 ± 1.7 
4 4.9 ± 2.4 
5 4.7 ± 1.7 

Weekly PA volume 

Do not run 4.4 ± 1.7 
0-2 hours 4.1 ± 1.8 
2-4 hours 4.0 ± 1.6 
4-6 hours 4.9 ± 2.1 
6-8 hours 4.6 ± 2.6 
More than 8 hours 5.7 ± 2.5 

BMI Levels 
Underweight 4.0 ± 1.5 
Normal weight 4.3 ± 1.8 
Overweight 4.1 ± 1.8 

 
 
Figure 2. Box-Whisker plots of RPE levels according to gender variables (A), age (B), whether they compete 
regularly (C), according to the number of competitions they participate in monthly (D) and the BMI group to 
which they belong (E). (The notch in the box indicates the median value) 
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The analysis carried out using the Kruskal Wallis test confirms that there are no significant differences in RPE 
values in the variables set out above. On the other hand, there are significant gender differences in the weekly PA 
volume (p < 0.01) and the number of competitions they participate in monthly (p < 0.01). According to this, men 
are more active per week and participate in more competitions than women. 
Even so, the analysis of the correlations using Spearman's range correlation coefficient (Table 4) for the 
performance variables (race time) with respect to the RPE, show a negative correlation, whereby if the race time 
falls, the runners’ RPE increases. This means that athletes with better performance have higher levels of RPE. In 
turn, these performance variables correlate with running and PA training volume; the greater the volume, the 
better the test results. One of these variables, HRmax, also correlates negatively with age: as age increases. 
Other variables that correlate with RPE, but this time positive, if HRmax increases, RPE increases. We also have 
among those that present a positive correlation: age/BMI and HRmax/HRmean, aspects already widely studied in 
the scientific literature. 
 
Table 4. Correlations of variables age, BMI, performance (race time), psico-physiological (HRmax, HRmean and 
RPE) and sports affiliation variables (running training and physical activity volume) 
Spearman’s rho BMI Race 

Time 
  

HRmax HRmean Weekly running 
volume 

Weekly PA 
volume 

RPE 

  Age r 0.2418 -
0.0581 

-0.2895 -0.1732 0.1110 -0.0010 -0.0299 

Sig 0.0001*** 0.3479 0.0050** 0.0986 0.1005 0.9866 0.6264 
BMI r   0.0186 0.0176 0.0637 -0.0700 0.0639 0.0035 

Sig   0.7671 0.8665 0.5500 0.3083 0.3001 0.9555 
Race 
time 

r     -0.0951 -0.0371 -0.3745 -0.2458 -0.1511 
Sig     0.3590 0.7249 0.0000*** 0.0001*** 0.0158* 

HRmax r       0.6765 -0.1270 -0.0137 0.2234 
Sig       0.0000*** 0.2362 0.8957 0.0331* 

HRmean r         -0.0464 -0.0574 0.1929 
Sig         0.6725 0.5861 0.0704 

Weekly 
Run vol. 

r           0.4392 -0.0037 
Sig           0.0000*** 0.9560 

Weekly PA 
vol. 

r             0.0053 
Sig             0.9316 

The PCA carried out, extracted three principal components (PC) with eigenvalues greater more 1, which together 
account for 57.42% of the variability observed in the data (Table 5). 
Table 5. Number of extracted components, eigenvalues and variability explained 

PC Eigenvalues Percentage variability Cumulative Percentage 
variability 

1 1.94745 24.343 24.343 
2 1.47916 18.490 42.833 
3 1.16728 14.591 57.424 
4 0.938945 11.737 69.160 
5 0.858988 10.737 79.898 
6 0.685007 8.563 88.460 
7 0.640834 8.010 96.471 
8 0.282336 3.529 100.000 

The Bi-plot of PC 1 and 2, shows an association between HRmax, HRmean and RPE, physical and psychological 
variables related to effort, which has already been widely reported in other studies. The relationship between 
weekly training volume and age suggests different training times according to age.  

 
Figure 3. Bi-plot of weight of the components 1 and 2. 
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Discussion 

RPE, age and BMI  
The results of our study indicate that there are no significant differences between the RPE of male and 

female runners in a 7 km race (4.2 ± 1.8; 4.3 ± 1.8), since their means are very similar (Figure 2A). Studies such 
as the one by Muyor, Vaquero Cristóbal, Alacid & López Miñarro (2015), in which different indoor cycling 
sessions were evaluated, support the fact that there are no significant differences in RPE means between men and 
women. However, differences have been found in judocas, with the RPE of women 5.4% lower than that of men 
(Arruza, 1996). On the other hand, the RPE levels obtained among sedentary and active women (Zamunér et al., 
2011) and amateur runners (Castro, 2016) indicate that scores close to 5, classed as ‘strong’ on the Borg CR-10 
scale, may be linked to the anaerobic threshold, although other papers focusing on moderately trained runners 
(89 men, 6 women) establish RPE values in 2/4 mmolo/L training zones at 4.3/6.5 (Dantas et al., 2015). The RPE 
ratings obtained among the runners in our study could be placed, based on the above estimates, within the 
‘strong’ exertion boundaries close to the Anaerobic Threshold. 

For age, there is no correlation with RPE levels, although there is a negative correlation with HRmax 
and positive correlation with BMI (Table 4), an aspect that has already been acknowledged in scientific 
literature, with HRmax decreasing and BMI increasing as we move up the age groups. The PC analysis (Figure 
3) also shows the relationship between age and volume of weekly PA or weekly running volume, suggesting 
different training times according to age. According to Table 2, age groups over 31 years run longer weekly (p < 
0,05), while there are no differences between the age groups for the weekly PA volume (p > 0.05). 
Nor has any significant correlation been found between BMI and RPE (Table 4). Other authors are in line with 
the results of our study (Castañer, Saüch, Camerino, Sánchez-Algarra & Anguera, 2015). 
RPE and sports habits There are no significant differences in RPE levels among the runners and their relationship 
with the sports habits or affiliations data collected. Even so, reviewing Table 3, it is noticeable that participants 
who do not run regularly have higher means than those who do (4.5 ± 1.7; 4.2 ± 1.9), and higher than those who 
do not practise another sport, compared with those who do (4.6 ± 1.8; 4.2 ± 1.8). It could be said that those who 
run or practice a sport regularly have slightly lower means of RPE before a competitive race, but it was not 
significant (p > 0.05). Other studies indicate that there are no significant differences between mean RPE scores 
when comparing sedentary/amateur and active/trained participant groups (Castro, 2016; Zamunér et al., 2011). 
Similarly, it is also worth highlighting the slightly higher means of RPE (Table 3) among runners who train for 
more than 8 hours per week (5.7 ± 2.5), compete more than 4 times in monthly (4.9 ± 2.4) or those who 
participate in triathlons (4.9 ± 2.8), a sport that requires a high volume of weekly training its practitioners. 
Results from other papers show that athletes with higher average RPE values during a season tend to be those 
who run more kilometres and had higher average concentrations of salivary cortisol (Balsalobre-Fernández et al., 
2014). On the other hand, there are significant gender differences in the weekly PA volume (p < 0.01) and the 
number of competitions they participate monthly (p <0.01). In both cases, men have a higher weekly volume of 
PA and a higher amount of competition participation per month. 
RPE and performance variables 

About the correlation of the performance variables analysed, final time in the competition (r= -0.151, p 
< 0.05) shows a negative correlation with RPE levels (Table 4). And this is also true among the final race time 
and volume of weekly PA (r= -0.245, p < 0.001) or weekly running volume (r= -0.374, p < 0.001). This means 
that the runners with better results (fastest position, total race time and running pace) had some degree of 
correlation with the higher RPE levels. These results could, in turn, have a potential relationship with the 
variable mentioned above, whereby those who engage in a greater volume of training in general would have 
better results in these performance variables, and therefore higher RPE means, even though they are not 
statistically significant. 
RPE and physiological variables  

The PCA shows a grouping between the RPE, HRmax and HRmean (Figure 3). The correlation of the 
HRmax (r= 0.223, p < 0.05) indicate that there is a positive correlation with regards to RPE levels (Table 4). 
Other studies point to RPE correlating strongly with high HR (r = 0.74, p <0.001) in Scherr et al. (2013) or mean 
HR (r = between 0.40 and 0.50) in sports such as Judo, in Arruza et al. (1996). Although there is a positive 
correlation between HR and RPE levels, researchers suggest that both variables have different temporal 
adjustments during a medium-distance race (10 km), so that the HR of the runners changed statistically only at 
the beginning of the 10 km race simulation, while the RPE increased significantly in lap 13 of the athletics track 
(Bertuzzi, Nakamura, Rossi, Kiss & Franchini, 2006).  
   
Conclusion 

The results of our study indicate that there are no significant differences between the RPE of male and 
female runners. The RPE ratings obtained among the runners in our study could be placed, based on the above 
estimates, within the ‘strong’ exertion boundaries close to the Anaerobic Threshold. For age, there is no 
correlation with RPE levels, although there is a negative correlation with HRmax and positive correlation with 
BMI, with HRmax decreasing and BMI increasing as we move up the age groups. 
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There are no significant differences in RPE levels among the runners and their relationship with the sports habits 
or affiliations data collected. About the correlation of the performance variables analysed, the runners with better 
results (fastest position, total race time and running pace) had some degree of correlation with the higher RPE 
levels. The PCA shows a grouping between the RPE, HRmax and HRmean. 
It could be concluded that no significant differences have been found between RPE levels and the age, gender, 
BMI and sports habits of the runners, although higher means of RPE were observed in those with higher running 
training volumes (at least eight hours per week), and triathlon participants, a sport that requires a high volume of 
training in those who practise it. The performance variables (final time) and physiological variables (HRmax) 
analysed show a correlation with RPE levels among the runners.  
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