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Abstract
The purpose of this study was to examine perceived effort at various intensities in human walking and running. Fifteen 
male subjects participated in this study. Two progressive protocols were randomized, starting at a treadmill speed of 3 
Metabolic Equivalents (METs) to Measure Ratings of Perceived Exertion (RPE), Heart Rate (HR) and blood lactate con-
centration. From these data, RPE was estimated at an intensity corresponding to Fixed Heart Rate (FHR; 120, 130, 140, 150 
bpm) and Fixed Blood Lactate Concentrations (FBLCs; 2 and 3 mM) from the individual regression line. RPE in running 
was significantly lower than in walking at FHRs of 120, 130, 140 and 150 bpm (p < 0.01 for all). For blood lactate, RPE in 
running was significantly lower than in walking at FBLCs of 2 and 3 mM, (p < 0.05, 12.6 ± 1.7 vs. 14.0 ± 1.7 and 15.1 ± 1.4 
vs. 16.9 ± 2.4, respectively). Running may be performed more easily than walking with the same physiological demand. 
Factors other than blood lactate concentration may affect the perception of exertion during walking.
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Introduction
Borg Rating of Perceived Exertion scale (RPE scale) 

has been widely used to quantify individual degree of 
physical effort [1]. The scale has been constructed by 
Gunnar Borg so that the lowest rating of 6 would corre-
spond to a heart rate of 60, and the maximal RPE of 20 
should compare to 200 bpm in the age of 20’s. Therefore, 
RPE is also a useful predictor for heart rate. Some stud-
ies demonstrated that at the speed, which locomotion 
mode is transitioned preferably from walking to run-
ning (preferred transition speed or PTS), RPE values in 
running were significantly lower than those in walking 
even if higher physiological demand (i.e. Vo2 or heart 
rate) was imposed in running than in walking [2,3]. We 
also showed an equal RPE with significantly higher Vo2 
and heart rate in running at the speed of 3-6 km/h when 
compared with walking, but at 7-8 km/h RPE in running 
were significantly lower than that in walking [4]. Het-
zler, et al. demonstrated that a strong relationship exists 
between RPE and blood lactate levels during a graded 
exercise test by using a bicycle ergometer and running 
[5]. Furthermore, they demonstrated that RPE at Fixed 
Blood Lactate Concentration (FBLC) is stable regardless 
of exercise mode.

There have been numerous studies comparing differ-
ent modes of exercise in terms of the degree of perceived 
fatigue they cause [5-7]. Walking and running are among 
most basic and easily accessible exercise modes. Walking 
is generally thought to be light and pleasant and running 
is often associated with more exerting effort. While ex-
ertion for running has been compared with cycling in 
previous studies [5], there has been no comparison with 
walking so far. If their notion is applied to other exercise 
modes, RPE at FBLC should also be comparably stable 
when walking is compared with running.

For community-dwelling people, walking has been ad-
vocated as an effective way to prevent obesity and arterio-
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sclerosis [8,9]. However, normal walking has only a minor 
effect in terms of improving health problems because it is 
difficult to reach the minimal intensity required to increase 
aerobic power [10]. Running often seems to be perceived as 
a strenuous activity. However, if carried out at a slow pace, 
like walking, it need not be unduly effortful. There have 
been no studies involving young adults so far, but it has 
been reported that slow jogging at a speed corresponding 
to the Lactate Threshold (LT) could improve aerobic power 
and thigh muscle mass in community-dwelling older peo-
ple [11,12]. Knowing how hard running feels compared to 
walking on the RPE scale would be very interesting.

To test the hypothesis that RPE at FBLC is stable re-
gardless of exercise mode, we compared blood lactate, 
heart rate and RPE during graded exercise tests using 
the two exercise modes that haven’t yet been compared: 
walking and running. Quantifying the perceived effort 
for walking and running at the same lactate concentra-
tion and HR intensity will allow to understand whether 
there are indeed reasons to believe running is a harder 
exercise than walking. This is of great importance in 
developing training programs, especially for those who 
cannot perform high intensity exercise.

Methods
Subjects

Fifteen untrained male subjects participated in this 
study. Subject characteristics were as follows (mean ± SD): 
age (yrs) = 23.1 ± 2.9; body mass (kg) = 61.9 ± 7.5; height 
(cm) = 168.4 ± 7.0; BMI (kg/m2) = 21.8 ± 2.1. The purpose, 
procedures, and risks of the study were explained to each 
participant and all gave their written informed consent be-
fore participating in the study. The Ethics Committee of 
Fukuoka University (Fukuoka, Japan) approved the study.

Progressive exercise test
Two progressive protocols of walking and running were 

randomized, starting at a treadmill (Senoh X Labordo 2200, 
Chiba, Japan) speed of 3 Mets. The speed of 3 METs for 
walking was determined based on METs vs walking speed 
formula: y = 0.23x2 - 1.32x + 5.01, where y is METs and 
x is walking speed. The formula for running is: y = 0.84x 
+ 1.38, where y is METs and x is running speed [4]. The 
speed was increased by 1 METs per 3 minutes. The heart 
rate was measured 5-6 times starting at 2:30 min mark and 
averaged. Polar HR monitor (Polar FT1, Kempele, Finland) 
was used. RPE was enquired once at each stage, between 
2:30~2:45 min marks. Blood samples were obtained to mea-
sure the blood lactate concentration just after each stage. 
The treadmill was paused for blood sampling for around 1 
min between stages. The actual speeds of both gaits were as 
follows: 2.8, 4.8, 5.7, 6.4, 6.9, 7.4, 7.9, 8.3, 8.7 and 9.1 km/h 
for walking and 1.9, 3.1, 4.3, 5.5, 6.7, 7.8, 9.0, 10.2, 11.5 and 

12.6 km/h for running. Both tests were terminated when 
the subject could not complete a given speed. Subjects were 
instructed to report their perceived exertion according to 
the Borg 6-20 RPE scale [1].

Lactate threshold
Blood samples were obtained from the earlobe, and 

evaluated using a lactate analyzer (Arkray Lactate Pro 2, 
Kyoto, Japan). The speed at the first breaking point of 
the blood lactate level was used to determine the Lactate 
Threshold (LT) [13], and five trained staff members visu-
ally checked the results using log-log (speed-lactic acid 
levels) graph paper, and after excluding the minimal and 
maximal value the mean value from three members out 
of the five members was taken.

Statistical analysis
The data are expressed as the mean ± SD. RPE at LT, 

FBLCs of 2 and 3 mM, and Fixed HR (FHR) of 120, 130, 
140 and 150 bpm were compared between exercise modes. 
Differences between RPE at each lactate level and FHR were 
analyzed using Student’s T-test (pair-wise T-test): walking 
RPE value for a subject was compared to the running value 
for the same subject. For HR, repeated measures Analysis of 
Covariance (ANCOVA) was used for determining differ-
ences. The statistical analyses were performed using SPSS 
version 18.0 software package (IBM SPSS Inc., ArmonkNY, 
USA). Statistical significance was set as p = 0.05.

Results
Figure 1 and Figure 2 show RPE responses plotted 

against various heart rates and blood lactate concentra-
tions. RPE at FHR for walking and running is shown in 
Table 1. RPE in running was significantly lower than in 
walking at FHRs of 120, 130, 140 and 150 bpm, respec-
tively (p < 0.01 for all). No significant difference in LT 
was found between both exercise modes. However, RPE 
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Figure 1: Mean responses of Rate of Perceived Exertion 
(REP), plotted against various heart rates in walking and 
running. Vertical dotted lines represent fixed heart rates of 
120, 130, 140 and 150 bpm.
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hasn’t been any comparing these two exercise modes at the 
same HR and blood lactate concentration.

Verifying RPE for walking and running at the same 
lactate concentration and HR intensity was the main tar-
get of this study. The major finding was that perceived 
exertion is lower in running than walking at FBLCs of 2 
and 3 mM. These results suggested that running could be 
performed more easily than walking above LT intensity. 
Thus, the notion that RPE at FBLC is stable regardless of 
exercise mode was not supported by the present results.

In our study we measured RPE for walking and running 
at heart rate of 120, 130, 140 and 150 bpm. For walking the 
relationship between RPE and heart rate was close to the 
Borg’s RPE definition where 20 on RPE scale is equivalent 
to 200 bpm. For running it was 1.6-1.9 lower. Even at the 
heart rate of 150 the RPE for running was only 12.8, which 
means that compared to walking it can be relatively easy to 
exceed lactate threshold. We concluded that for the same 
heart rate the RPE of running is lower than the RPE of walk-
ing. There is a study comparing electromyogram in lower 
extremities for both walking and running at different speeds 
ranging from 1.25 m/s (4.5 km/h) to 2.25 m/s (8.1 km/h) 
[17]. In running the gain in vastus medialis electromyogram 
is 2-1.5 times higher and it also mobilizes big muscle groups 
[17]. Prilutsky, et al. studied the changes in electromyogram 
of lower extremities for running and walking at velocities 
from 55% to 145% where the PTS is 100% [18]. For running 
at all velocities the average of electromyogram in 7 muscle 
groups (tibialis anterior, biceps femoris, rectus femoris, so-
leus, gastrocnemius, vastus medialis and gluteus maximus) 
increased linearly. Meanwhile, walking faster than PTS 
strongly activates swing-related muscle groups such as tib-
ialis anterior, rectus femoris and biceps femoris and its av-
erage electromyogram is significantly higher compared to 
running. Hreljac, et al. investigated further the RPE of walk-
ing and running at PTS. They reported that even though the 
oxygen consumption at PTS is higher for running than for 
walking, RPE for running was lower (walking; 13.54, run-
ning; 10.00) [2]. We can suppose that the increase in oxygen 
consumption for walking and running results from mobili-
zation of different muscle groups and in the case of running 
the workload is distributed in the above mentioned muscle 
groups causing increased oxygen consumption. Heart rate 
and oxygen consumption are highly correlated and both in-
crease linearly with workload [10]. Thus, we can expect the 
RPE for running to be lower than for walking even at the 
same heart rate.

In the relation between RPE and lactate concentra-
tion, no significant differences in RPE at LT speed were 
found between running and walking. With a gradual in-
crease in speed after LT, at 2 mM of lactate concentration 
RPE in running and walking were 12.6 ± 1.1 and 14.0 ± 
1.7, respectively (p < 0.05), and at 3 mM of lactate con-

in running was significantly lower than in walking at 
FBLCs of 2 and 3 mM, (Table 2, p < 0.05, 12.6 ± 1.7 vs. 
14.0 ± 1.7 and 15.1 ± 1.4 vs. 16.9 ± 2.4 respectively).

Discussion 
We have been using exercise prescription at the inten-

sity of lactate threshold in prevention of various illnesses 
such as hypertension, diabetes and dyslipidemia [14-16]. It 
is easy to set individual target intensity for bench stepping 
or cycle ergometer after a graded test. However, jogging has 
difficulty in keeping the speed optimal. That’s why we use a 
term “pace with a smile” to describe the “easy” intensity of 
lactate threshold and RPE 10-12. We defined running be-
low PTS as “slow jogging” which is running at “pace with a 
smile” and recommend it to the elderly as well as those with 
low fitness level [11]. As we know from the study of Het-
zler, et al. lactate is a sensitive measure of RPE. While there 
are individual studies of RPE in running and walking, there 

Table 1: RPE at FHR for walking and running.

Walking Running
120 bpm 11.0 ± 1.6 9.4 ± 1.3#

130 bpm 12.3 ± 1.6 10.5 ± 1.3#

140 bpm 13.5 ± 1.7 11.6 ± 1.3#

150 bpm 14.7 ± 1.8 12.8 ± 1.3#

Values are means ± SD; RPE: Rate of Perceived Exertion; 
FHR: Fixed Heart Rate; #Significantly different form walking 
condition, P < 0.01.

Table 2: RPE at LT and FBLC for walking and running.

Walking Running
LT 10.7 ± 1.1 11 ± 1.1
2 mM 14.0 ± 1.7 12.6 ± 1.1*
3 mM 16.9 ± 2.4 15.1 ± 1.4*

Values are means ± SD; LT: Lactate Threshold; FBLC: Fixed 
Blood Lactate Concentration; *Significantly different form walk-
ing condition, P < 0.05.
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Figure 2: Mean responses of Rate of Perceived Exertion 
(REP), plotted against various lactate concentrations in 
walking and running. Vertical dotted lines represent fixed 
blood lactate concentrations of 2 and 3 mM.
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centration RPE in running and walking were 15.1 ± 1.4 
and 16.9 ± 2.4, respectively (p < 0.05). The results turned 
out lower RPE in running than walking. However, Het-
zler, et al. have shown that no significant differences in 
RPE were found between cycle ergometer and running 
at LT, lactate concentration of 2.0, 2.5 and 4.0 mM [5]. 
These contradictory results may be responsible for the 
differences in exercise mode. This data indicated that 
factors other than blood lactate affected RPE during leg 
exercise. In above mentioned studies on activated mus-
cle groups during both locomotion, muscle mobilization 
during walking faster than PTS was mainly tibialis an-
terior, rectus femoris and biceps femoris, and more re-
stricted muscles used than running [18]. On the other 
hand, running was performed by more distributed mus-
cle groups [18]. Thus, we speculated that lactate produc-
tion is derived from these muscle groups in each exercise 
modes, resulting in lower RPE value in running than 
walking despite the same blood lactate concentrations.

It has been well established that energy expenditure 
increases quadratically with walking speed, and increas-
es linearly with running speed [5]. As walking speed in-
creases, energy efficiency abruptly increases and inter-
sects with the energy efficiency of running. The speed at 
the intersection of these lines represents the Energetically 
Optimal Transition Speed (EOTS). Previous researchers 
have shown that EOTS ranged from 7.89 to 8.10 km/h 
[5-7], which was not influenced by training status [6]. 
In light of these data, an abrupt increase in energy inef-
ficiency during walking above LT, which occurred at 7.2 
km/h in this study, may have augmented RPE response.

In conclusion, the present findings do not support the 
notion that RPE is stable at fixed blood lactate concentra-
tion regardless of exercise mode. Since the sample is quite 
small and homogenous, it would be interesting to see the 
results for a bigger number of more diverse subjects. The 
results also indicate that running above LT intensity may be 
psychologically less stressful than walking above LT inten-
sity, allowing subjects to easily exceed the aerobic training 
threshold. Understanding that running doesn’t have to be 
strenuous could also help change the attitude towards exer-
cise and contribute to a healthier society.
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