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Abstract
Aim: To test the validity of Borg’s 6–20 rating of perceived exertion scale in assessing the exertion intensity over a multi-activity session 
in young and older adults.

Materials and methods: This cross-sectional study included 56 healthy participants. All participants underwent a single session of 
activities including working on a computer, treadmill walking, biking, and treadmill running.

Results: Results showed a non-significant correlation between the overall perceived exertion and energy expenditure in young people 
(Rho=−0.05, p=0.75) and in older adults (Rho=−0.05, p=0.78) for the whole session. However, results showed that older adults perceived 
significantly higher exertion compared to young people while working on a computer, walking and running, whereas they presented 
lower energy expenditure while resting and working on a computer.

Conclusions: Combining the perceived exertion method with other commonly used methods to estimate exercise intensity would be 
recommended for older adults.
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INTRODUCTION

Physical exercise has been identified as an effective and 
valuable lifestyle behaviour for preventing the multiple 
deleterious effects of aging and providing health benefits.1 
As a consequence, there is a growing interest in promoting 
physical exercise prescriptions for the older adult popu-
lation. Currently, there is scientific evidence that strongly 

supports the positive association between increased levels 
of physical activity and improved health in older adults.2 
Optimizing their adherence to exercise programs, however, 
remains the major concern.3,4 Today, many recommendati-
ons are available to guide exercise prescription for health5 
and disease prevention6. The most commonly used guide-
line refers to 30 min of moderate-intensity aerobic physical 
activity for 5 days a week or 20 min of vigorous-intensi-
ty aerobic physical activity for 3 days a week to promote 
or maintain health and cardio-respiratory fitness.5 This  
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volume of physical activity has been equated to an approxi-
mate energy expenditure (EE) of 150 kilocalories per day 
(kcal∙d-1) or 1,000 kcal∙wk-1. 7 However, the recommendati-
on for older adults has several important differences inclu-
ding the following: the recommended intensity of aerobic 
activity takes into account the older adult’s aerobic fitness, 
activities that maintain or increase flexibility are recom-
mended, and balance exercises are recommended for older 
adults to reduce the risk of falls. The promotion of physi-
cal activity in older adults should emphasize moderate-in-
tensity aerobic activity, muscle-strengthening activity, and  
reducing sedentary behaviour.8 

Currently, a number of potential indicators are used 
to increase our understanding of the exercise load and 
its effects on the individual, with the most commonly 
used ones being heart rate and ratings of perceived exer-
tion (RPE). RPE is one of the most popular tools that are 
supposed to provide an understanding of physiological 
stress during exercise as well as retrospective information  
regarding perceived effort during exercise.9,10 RPE is a psy-
chophysiological marker of intensity reflecting a complex  
integration of subjective feelings of effort, strain, discom-
fort, and/or fatigue experienced during exercise.10,11 

RPE scales, such as those developed by Borg (Borg 
6–20)12, are tools that are often used to monitor and quan-
tify individual’s perceptions of effort during exercise.13  
A vast amount of published research findings indicate 
strong concurrent validity for the Borg (6-20) Perceived 
Exertion Scale using physiological measures such as heart 
rate, blood lactate concentration, percent maximal oxy-
gen uptake (%VO2max), oxygen uptake (VO2), ventilation 
and respiration rate as criterion variables.12,14,15 However,  
little is known about the age dependent effect on exertion-
al perceptions using a portable gas analyzer as a criterion 
measure.

AIM

This study therefore aimed to compare different levels of 
exercise intensity measured with the MetaMax3B in meta-
bolic equivalent to the perceived exertion estimations using 
Borg’s scale 6–20 over a multi-activity session in young 
people and older adults.

MATERIALS AND METHODS

Participants and ethical considerations

A convenience sampling approach was used to recruit par-
ticipants (young people: aged 18-35 years and older adults: 
age ≥ 65 years). Participants had to be in a healthy state 
with no need of assistive devices for mobility and no me-
dical contraindication to the practice of PA. They refrained 
from eating, consuming caffeine, and smoking for at least 

two hours and refrained from exercise for 12 hours prior 
to the experimental session. The data collection took place 
at our laboratory’s Department of Disability and Activity.

The local Ethics Committee for Non-Interventional 
Research approved the study protocol. Prior to the experi-
ments, all participants signed an informed consent form 
after receiving oral and written descriptions of the research 
and the experimental procedures.

Materials and procedures

Assessment of EE
EE was measured by indirect calorimetry using a portable 
gas analyzer (MetaMax 3B Cortex; Cortex Medical, Leip-
zig, Germany). The MetaMax 3B is a portable metabolic 
measurement system comprising a measurement modu-
le and a battery module. It measures gas volume using a  
bidirectional digital turbine. The O2 and CO2 concentra-
tions were measured using an electrochemical cell and an  
infrared analyzer. Respiratory “oxygen consumption 
(VO2)” and “carbon dioxide production (VCO2)” were 
calculated by standard metabolic algorithms based on the 
Haldane transformation.16 Respiratory volume data and 
respiratory gas concentrations were transmitted live by  
telemetry to a computer. The system was paired to the Me-
tasoft 3 software, v3.7.0 SR2, for analysis. Breath-by-breath 
respiratory data were collected and averaged, with oxygen 
consumption (L·min-1) converted to MET. Before each test, 
the MetaMax 3B was calibrated according to the manufac-
turer’s guidelines. The average of the 3rd and 4th minute EE 
records was considered for the statistical analyses.

RPE assessment
The RPE was measured using the Borg 6–20 scale.12,13 The 
RPE is a 15-point item scale ranging from 6 to 20, with 
anchors ranging from 6 “no exertion” to 20 “maximum 
exertion”. The RPE was assessed at the end of each exercise 
and also for the whole session with the following question: 
“What was the highest perceived intensity of effort during 
those tasks on a scale of 6 to 20, 6 being no effort and 20 
being maximum intensity of effort”. Before starting the  
experiment, participants were instructed on how to  
apply the RPE (6–20 Borg scale)12 when requested by the  
experimenter. The range of sensations corresponding to the  
categories of effort within the scale was clearly explained to 
each participant.

Physical activities

The physical activities (PA) were designed based on the 
Compendium of Physical Activities17,18 and consisted in 
resting, working on a computer, treadmill walking at 4.6 
km∙h-1 (3.1 MET; moderate intensity), cycling (stationary 
cycle ergometry) at 70 watt (4.1 MET = moderate inten-
sity), treadmill walking at 4.6 km∙h-1 (3.3 MET; moderate 
intensity), and treadmill running at 5.8 km∙h-1 for older 
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adults and at 6.4 km∙h-1 for young people (6.0 MET; high 
intensity). The session ended with a 5-min recovery period. 
Older adults as well as young people were then required 
to complete the same 35-min session of successive 5-min 
exercises without rest. The exercises were not random; the 
participants were required to perform the activities in the 
same order.

Statistical analysis

Statistical analyses were performed using SigmaPlot soft-
ware version 13.0. The Gaussian distribution of the vari-
ables was assessed using the Shapiro-Wilk test. Depen-
ding on the number of individuals in each subgroup, the 
chi-squared test and Fisher’s exact test were used as appro-
priate to compare the distribution of qualitative variables, 
while the Mann-Whitney rank test or Student’s t-test were 
used to compare the distribution of quantitative variables. 
Associations between EE and RPE were checked using the 
Spearman’s correlation coefficient. The threshold of signifi-
cance was set at 0.05.

Table 1. Participants’ characteristics 

Young people
(n=29)

Elderly
(n=27)

p-value

Sex (Male/Female) 17/12 7/20 0.028*
Smoke (Yes/No) 2/27 0/27 0.49
Age (years) 24±4 71±4 < 0.001*
Height (cm) 172±9 163±8 < 0.001*
Weight (kg) 74±15 68±14 0.167
Body Mass Index 25±3 25±4 0.63

Values reported as mean ± SD for continuous variables and counts for categorical variables; *: statistically significant

RESULTS

A total of 56 healthy participants were included in the stu-
dy. The participants’ characteristics are displayed in Table 1. 
The Shapiro-Wilk test indicated that the MetaMax3B data 
did not vary significantly from the pattern expected if data 
were drawn from a population with a normal distribution 
(p>0.05). Consequently, parametric analyses were used 
where relevant in the data analysis.

Table 2 gives and compares data on the heart rate and 
oxygen consumption of the subjects during each physical 
activity. Results showed that older adults had significantly 
lower heart rates compared to young people while working 
on a computer and during recovery. Similarly, they present-
ed lower oxygen consumption during resting and working 
on a computer.

Fig. 1 highlights the comparison of the RPE and the 
mean EE for the whole session in the two groups. It shows 
that there was no significant difference either in the per-
ceived exertion as rated by young people compared to older 
adults or in the mean EE as given by the MetaMax 3B.

Table 2. Distribution and differences in heart rate and oxygen consumption between young people and older adults during each physi-
cal activity

Activities Young people Older adults p-value

Heart rate, Mean ± SD

Resting 80.09±24.45 75.19±12.23 0.23
Working on a computer 82.98±21.89 77.41±14.09 0.049*
Cycling 98.87±28.51 98.03±23.01 0.58
Walking 99.42±32.73 109.58±16.97 0.39
Running 132.90±34.75 138.64±21.42 0.69
Recovering 107.11±27.13 99.453±15.87 0.06*

Oxygen consumption,  
Mean ± SD (mL-1.min-1.kg-1)

Resting 3.87±1.24 3.30±1.15 0.04*
Working on a computer 4.68±1.47 3.73±1.11 <0.01*
Cycling 10.02±4.68 8.86±2.96 0.55
Walking 12.54±2.69 13.85±3.23 0.11
Running 24.38±4.44 23.05±3.00 0.18
Recovering 9.54±2.09 9.16±1.98 0.49
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Figure 1. Perceived Exertion (PE) and Energy Expenditure (EE) estimates in young people and older adults. The left panel gives the PE 
estimations with the Borg’s scale while the right panel gives the EE estimation with the MetaMax 3B.

Figure 2. Relationships between EE and PE for the whole session in young people and older adults. The left panel depicts the relationship 
between EE and PE estimates in young people while the right panel depicts the relationship between EE and PE estimates in older adults.

Fig. 2 shows the correlation between the overall PE and 
EE in young people as well as in older adults for the whole 
session.

Table 3 gives the between-group (age) comparison 
of the RPE and the mean EE for each single task. Results 
showed that older adults perceived significantly higher  
exertion compared to young people while working on a 
computer, walking and running, whereas they present-
ed lower EE during resting and working on a computer.  
Indeed, the exertion was perceived respectively as  
“extremely light”, “fairly light” and “somewhat hard” by 
older adults, while it was perceived respectively as “no  
exertion”, “very light” and “fairly light” by young people. 

Fig. 3 depicts the correlation between the RPE and EE 
in the two groups for each single task. Overall, there was no 
significant correlation between the two measurements in 

older adults, whereas significant correlations were found in 
young people while cycling and during the recovery period. 

DISCUSSION

To the best of our knowledge, this study is one the few that 
has evaluated and compared the RPE for the assessment 
of exercise intensity over a multi-activity session among 
young people and older adults. The primary finding of the 
present work is the inconsistency in the perceived exerti-
on in young people and older adults upon execution of the 
exercises.

Although the participants were submitted to the same 
intensity of physical activity in this study, we found dif-
ferences in the RPE in older adults compared with young 
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people. Indeed, older adults perceived significantly higher 
exertion compared to young people while working on a 
computer, walking and running. These findings are in line 
with those of Jabbour and Majed10 who found that older 
adults perceived a significantly higher effort at the same 
relative submaximal intensities compared to young people. 
In their study, the participants performed a maximal incre-
mental exercise test on a cycle ergometer. The test began 
at an initial power of 25 watts and increments of 25 watts 
followed every 5 min until exhaustion. During the test, 
the participants were instructed to pedal at a rate of 50 – 
70 revolutions per minute. The test was terminated when 
the participants requested to stop the exercise or could no 
longer maintain the required pedalling rate.10 Their results 
showed that at a relative intensity (49% – 51% VO2 peak) 
older adults judged the effort as being “very hard” com-
pared to a “fairly light” rating for the young group. This 
was also the case at 80% VO2 peak, where the older group 
judged the effort as being “very, very hard” compared to 
“somewhat hard to hard” for the young group.10 The dis-
crepancy observed in RPE between the two groups may 
be explained by age, which has the potential to influence 
RPE as previously reported. Actually, some authors have 
reported that, with aging, many factors impair the cogni-
tive functions among elders leading to an alteration of their 
perceived exertion.19 A previous study has also suggested 
that aging and physical deconditioning may decrease the 
sensitivity of proprioceptors in older adults by decreas-
ing the speed and the quality of nervous transmission.20  
Accordingly, Grange et al.21 did not find any association 
between RPE and other physiological indicators (e.g., heart 
rate) during the course of a graded arm test to maximal 
exertion among inexperienced older groups. On the con-
trary, Sidney and Shephard14 and Aminoff et al.22 reported 
that RPE is not impaired by aging and can be used as a tool 
to control exercise intensity in healthy middle-aged and 
older individuals. For these authors, perceived exertion is 
affected more by the physical fitness and the health status 

Table 3. Comparison of energy expenditure and perceived exertion between young people and older adults

Activities Young people Older adults p-value

Perceived exertion, 
Median [P25, P75]

Resting 6 [6, 6] 6 [6, 6] 0.53
Working on a computer 6 [6, 7] 7 [6, 8] 0.02*
Cycling 8 [7, 9] 8 [7, 10] 0.24
Walking 8 [8, 9] 10 [8, 12] < 0.01*
Running 11 [10, 12] 13 [12, 15] < 0.001*
Recovering 7 [7, 8] 8 [7, 10] 0.09

Energy expenditure, 
Mean ± SD (MET)

Resting 1.11±0.35 0.94±0.32 0.04*
Working on a computer 1.33±0.42 1.07±0.31 0.01*
Cycling 2.86±1.34 2.53±0.84 0.55
Walking 3.58±0.76 3.96±0.92 0.10
Running 6.96±1.26 6.58±0.85 0.19
Recovering 2.72±0.59 2.62±0.56 0.50

*: statistically significant; P: percentile; MET: metabolic equivalent

of the subject than by aging alone.
A common classification of physical activity intensity 

uses MET values as follows: <3 METs = light, 3–6 METs 
= moderate, >6 METs = vigorous.5 Currently, widely  
endorsed recommendations state that adults should strive 
to accumulate at least 30 minutes of moderate-intensity 
physical activity on most days of the week.23 In the pre-
sent study, two activities, for either age group, elicited mean  
intensities within the moderate or high range of 3–6 or >6 
METs. Exertion was perceived, however, respectively as 
“fairly light” and “somewhat hard” by older adults while it 
was perceived respectively as “very light” and “fairly light” 
by young people. Thus, although the participants were sub-
mitted to the same absolute exercise intensity, the RPE was 
higher in older adults compared to young people. These  
observations are consistent with those of Bar-Or et al.24 
who reported that in young people and older adults, when 
comparisons are made at the absolute exercise intensity 
(i.e. the same work rate or power output), RPE is generally 
lower in young people than in middle-aged persons. In fact, 
some authors have reported that cerebral flow diminishes 
with aging which may lead to a decrease in cognitive func-
tions that may affect perceived exertion in older persons.25 
In light of some reports of inverse relationships between 
physical activity intensity and RPE,3,4 a greater sense of  
effort could have implications for continued participation. 
While older adults rated the activities as more difficult 
than young people, their overall RPE still corresponded to 
“light” or “somewhat hard” on Borg’s scale.

Perceived exertion is a psychophysiological marker of 
intensity resulting from the complex integration of sub-
jective feelings of effort, strain, discomfort, and/or fatigue  
experienced during exercise.11 Among RPE scales, the 
Borg’s scale is one of the most popular and is used to pro-
vide an understanding of the physiological stress during 
exercise as well as retrospective information regarding 
perceived effort during exercise.9 The findings of the pre-
sent study showed that there was no significant correlation  



Perceived Exertion and Energy Expenditure

507Folia Medica I 2021 I Vol. 63 I No. 4

Figure 3. Relationships between EE and PE in young people and older adults according to the physical activity. The right column shows 
the relationships in young people while the left column shows the relationships in older adults.
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between EE and RPE in older adults not only in each sin-
gle exercise, but also for the whole session. Previous stud-
ies have reported that errors of production estimation 
from cycling or treadmill estimations in older adults reach  
approximately 50-70% of heart rate reserve. Neverthe-
less, several studies have demonstrated that Borg’s RPE is 
an affordable, practical, and valid tool for monitoring and 
prescribing exercise intensity, independent of gender, age, 
exercise modality, and physical activity level. Indeed, in an 
experimental study aiming to examine the validity and reli-
ability of Borg’s 6-20 Rating of Perceived Exertion (RPE) 
scale in monitoring exercise intensity, Chung et al.26 found 
that the scale could be used as a valid and reliable tool for 
monitoring exercise intensity among the Chinese older 
adults. Recently, de Souza et al.27 examined the validity, 
reliability, and diagnostic accuracy of rating of perceived 
exertion (RPE) to identify dependence in performing self-
care activities in older women. The authors concluded that 
it was possible to use the perceived exertion to identify  
dependence in performing activities of daily living in older 
women. In a review aiming to summarize data pertaining 
to the rating of perceived exertion (RPE) methods during 
combat sport-specific activities based on many factors, 
including age of participants, Slimani et al.28 found that 
rating of perceived exertion is a valid tool for quantifying 
internal training and combat loads during short- and long-
term training and simulated and official competitions in 
novice and elite combat sport athletes.21 They concluded 
that coaches, sports scientists, and athletes can use session-
RPE method to quantify short-term training and combat 
loads in adult athletes during precompetitive period much 
more than long-term training and in young athletes during 
the competitive period.

Implications and clinical impact

Clinicians and researchers in the physical activity do-
mains usually use ratings of perceived exertion in clinical 
and research settings for estimating intensity of exertion. 
They should be aware of the potential limitations of these 
subjective scales, notably in older adults. Our findings sug-
gest that for older adults, practitioners and/or researchers 
should, insofar as possible, combine objective measure-
ments of EE and subjective estimations of the associated 
perceived intensity of exertion.

Study limitations

There are some potential limitations in the current study 
that should be considered. First, the fact that it took place 
in a laboratory context may limit the generalization of our 
findings. Indeed, although the physical activities perfor-
med here are common in the targeted populations, asses-
sing the physical activities of older adults in real-life and 
home-based situations is essential to be able to provide 
personalized programs aiming toward the maximization of 
long-term adherence to physical activity. Secondly, with the 

aging of the population, one could expect to have data that 
are more heterogeneous with these types of experimentati-
ons involving older adults.

CONCLUSIONS

This work provides some insight into the validity of the 
Borg’s 6–20 scale in the estimation of the perceived exer-
tion during a set of common physical activities in young 
people and older adults. Our findings complement those 
of earlier studies, showing that RPE would appear to be 
useful to prescribe and self-regulate exercise intensity in 
young people whereby targeting exercise intensity using 
fixed energy expenditure cannot be generated across both 
younger and older age groups. Therefore, combining the 
RPE method with other commonly used methods (e.g., 
heart rate) of estimating exercise intensity is recommended 
for older adults to suitably monitor their exercise intensi-
ty. Furthermore, in the light of our results, we can suggest 
that future studies should be devoted to adapting the Borg’s 
6–20 scale to older adults.
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Резюме
Цель: Проверить валидность шкалы оценки воспринимаемой нагрузки Борга 6–20 при оценке интенсивности сеанса с  
несколькими видами деятельности для молодых людей и для пожилых людей.

Материалы и методы: В настоящее исследование включены 56 здоровых участников. Все участники прошли один сеанс 
деятельности, включая работу на компьютере, ходьбу по беговой дорожке, езду на велосипеде и бег по беговой дорожке.

Результаты: Результаты показали незначительную корреляцию между общей воспринимаемой нагрузкой и расходом энер-
гии у молодых людей (Rho =−0.05, p=0.75) и у пожилых людей (Rho =−0.05, p=0.78) в течение всего сеанса. Однако результаты 
показали, что пожилые люди воспринимают значительно более высокую физическую активность по сравнению с молодыми 
людьми при работе с компьютером, ходьбе и беге, но имеют более низкий расход энергии во время отдыха и работы за ком-
пьютером.

Заключение: Пожилым людям рекомендуется комбинировать метод воспринимаемой нагрузки с другими широко исполь-
зуемыми методами оценки интенсивности упражнений.
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