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Abstract - Aims: This study aimed to investigate the effects of different cadences of movement in ATI equipment on
the psychophysiological parameters of older adults during the training session.Methods: Fifteen physically indepen-
dent older men voluntarily participated in this study. Three 30-min exercise sessions were randomly distributed (5 min
warm-up, 20 min exercise, 5 min cooldown), comprising exercises with different cadences low (L: 1 movement every
4 s), medium (M: 1 movement every 2 s), and high cadence (H: 1 movement per second); all with 30” of stimulus and
30” recovery using the following devices: elliptical, rower, surf/elliptical and leg press. Heart rate (HR), rate of per-
ceived exertion (RPE), rate of perceived recovery (RPR), and feeling scale (FS) were evaluated before and immediately
after the three sessions. The difference between moments was analyzed by analysis of variance with a significance level
of p < 0.0001). Results: Cadence L (56 ± 2 %) showed lower values of relative HR than M (70 ± 5%) and H
(85 ± 5%), which also differed from each other. Significant differences (p < 0.01) for the area under the curve of RPE
(L: 75 ± 26, M: 115 ± 16, H: 154 ± 4) and RPR (L: 173 ± 16, M: 139 ± 12, H: 97 ± 6; UA) were identified among the
cadences. Statistical differences (p < 0.01) were found on RPE 30 min of the session (L: 4.2 ± 0.7 < M: 5.7 ± 0.7 < H:
7.4 ± 0.5). Conclusion: The performance of different cadences induced different psychophysiological responses in
older adults undergoing exercise sessions in the ATI. The moderate cadence provided an increase in HR with values
considered safe for the exercise and therefore can be recommended for this population when using this equipment.
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Introduction

According to the Brazilian Institute of Geography and
Statistics1, the number of older adults in Brazil is conti-
nuously increasing with a projected growth rate of 13.44%
in 2030. Due to this increase, in the Brazilian older adult
population, Brazil develops a national health policy and
strategies to promote health and follow the recommenda-
tion of the World Health Organization (WHO) regarding
healthy and active aging in accordance with the principles
and guidelines of the Brazilian Public Health System2.

Reducing non-communicable diseases, increasing
physical fitness, and maintaining functional capacity is a
goal to be achieved in Brazil and several other
countries3-7. In Brazil, we highlight the Academias da
Terceira Idade (ATI) projects, which were implemented in

2005 at the Ministry of Health through the Healthy Brazil
program and which aim at expanding public spaces out-
door and equipment for physical activity to promote and
prevent diseases in older adults8,9.

Most of the available studies in the literature are
mainly focused on determining the profile of users10, ana-
lysis of the reasons for the practice of physical activity in
the ATI11, improvements in health and motivation12, ease
of access, and greater social support13.

On the other hand, research14-16 reporting the use of
outdoor equipment in other countries is also inconclusive.
Cranney et al.14 studied the impact of setting up an out-
door gym and found an increase in the frequency of use by
the older adults during the 12 months (1.4 to 6%). Chow,
Mowen, and Wu15 demonstrate that users of these spaces
do not use them for long enough to reach the recommen-
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dations for physical activity, although most users were
women and the elderly. To our knowledge, there is only
one study that evaluated the effects of an exercise program
using the ATI, showing that 12 weeks of training was not
able to improve physical fitness in older adults16.

Due to inconsistency in the literature about the
effectiveness of this equipment in promoting improvement
in the physical fitness of older adults, new studies should
be carried out to improve or indicate new strategies for
using these spaces. Thus, this study aimed to investigate
the effects of different cadences of movement in ATI
equipment on the psychophysiological parameters of older
adults during the training session.

Material and methods

Sample
After the research ethics committee approval of the

Federal University of Espirito Santo (n° 4.088.540-2020,
CAEE: 29949320.1.0000.5542), fifteen older men (≥ 60
years), physically independent and physical inactive
according to IPAQ questioner17,18, voluntarily participated
in this study. As exclusion criteria, the following para-
meters were used: positive clinical diagnosis of cardiome-
tabolic disease, smoker and musculoskeletal complica-
tions, inotropic and chronotropic agents, and cognitive
alterations confirmed by medical evaluation. The sample
size was estimated by a post hoc analysis G * Power soft-
ware (v. 3.1.9.4). The sample characteristics are described
in Table 1.

Experimental protocol
All the older adults were submitted randomly to

three sessions of physical exercise with low, moderate,
and high cadence movement in four ATI equipment,
including elliptical, rowing, surf/elliptical, and leg press
machines (Figure 1). The time of each session consisted of
5 min of warm-up (walking at 60% of HRmax estimated by
the equation suggested by Tanaka et al.19, 5 min of exer-
cise distributed in blocks with 30 s of execution (move-
ment cadence controlled by a metronome) considering
muscle action complete (concentric and eccentric phase)

and 30 s of passive recovery between sets (totaling 5 sets)
and 5 min of cool down.

The following cadences were used, low (L: 1 move-
ment every 4 s), moderate (M: 1 movement every 2 s), and
high (H: 1 movement per 1s). Additionally, as a way of
monitoring, the number of movements was registered in
all series in the three experimental conditions.

Anthropometric
Height was measured by a Cardiomed (WCS model)

stadiometer, with an accuracy of 115/220 cm. The mea-
surement was performed with the cursor at an angle of 90°
with respect to scale, with the patient in a standing posi-
tion with feet together in contact with Stadiometer. The
subjects were instructed to stay in inspiratory apnea and
head parallel to the ground. Total body mass was mea-
sured by a calibrated Filizola electronic scale (Personal
Line Model 150) with a 100 g scale and a maximum capa-
city of 150 kg. Body mass index (BMI, kg/m2) was calcu-
lated using the equation BMI = body mass/height2.

Heart rate
Heart rate (HR) was recorded continuously through-

out the training session using Polar (model S810). In an
attempt to reduce HR recording errors during training, all
subjects were asked to check their HR monitors before of
session and after the set (∼3 and 10 min). The maximal
and its percentage of heart rate were estimated using the
Tanaka et al.19 equation.

Rate of perceived exertion and recovery
Subjects reported their rating of perceived exertion

(RPE, scale 1-10)20 and recovery (RPR, scale 1-10)21

immediately at the end, and before each exercise set.
Additionally, the RPE (scale 1-10) was used as an inten-
sity indicator of the exerciser session, briefly, subjects
were told to choose a number (the maximum value corre-
sponds to the highest physical exertion experienced by the
individual, and the minimum value is the rest condition).

Feeling scale
The feeling scale (FS) is an 11-point bipolar scale

ranging from +5 to −5, commonly used to measure the
affective response (pleasure/displeasure) during exerci-
se22, however, in this study, the scale was performed
before and after the exercise session. This scale presents
the following verbal anchors: −5 = very bad; −3 = bad; −1
= fairly bad; 0 = neutral; +1 fairly good; +3 = good; and
+5 = very good. The subjects received standard instruc-
tions regarding the use of the FS in the initial screening
and before exercise boot.

Total movement capacity
The total exercise movement (repetitions) amount on

each set was quantified to use as an external training load.

Table 1 - Sample characteristics.

Parameters Mean ± SD

Age (years) 68 ± 2

Body mass (kg) 76 ± 11

Height (cm) 1.70 ± 0.10

BMI (kg/m2) 27 ± 4

Physical activity per week (min) 113 ± 17

HR (bpm) 81 ± 6

Values expressed in mean ± DP. BMI: body mass index. HR: rest heart
rate.

2 Psychophysiological effects of single bout exercise in outdoor fitness



Statistical analyses
The D’Agostino-Pearson test was applied to dis-

tribution analysis. The cadency conditions were evaluated
by one-way repeated measures ANOVA followed by Bon-
ferroni's post hoc test was performed considering condi-
tions as factors to analyze responses of heart rate, AUC,
PRE of the session, total movements) and time and condi-
tion to feeling scale. The area under the curve (AUC) was
used to analyze and compare the effect of cadency on HR,
RPE, and RPR among the session condition. An alpha of
0.05 was used to determine statistical significance. All
data values were expressed as a mean ± standard devia-
tion. All analyses were performed using GraphPad Prism
Software (v. 6.01; GraphPad Software, EUA).

Results
No participant reported any complications, whether

neuromuscular or cardiometabolic during the procedures.
As shown in Figure 2A, no differences were found in
moderate cadence, however, significant differences were
found in absolute heart rate between the first and seventh
series for both moderate and high cadence conditions. Sig-
nificant differences were found in (F(2, 42) = 172.1;
p < 0.0001) in the area under the curve indicating that the
high cadence (2594 ± 167) had higher values than the M
cadence (2106 ± 145) and L (1682 ± 73) which also dif-
fered from each other.

Differences (F(1.906, 26.69) = 208.6; p < 0.0001) were
found in the mean absolute heart rate (Figure 2B) between
sessions with different cadences (L: 88 ± 4 < M: 110 ± 7
< H: 136 ± 6; bpm). A similar result was found
(F(2.42) = 178.8; p < 0.0001) analyzing the relative heart
rate, indicating that L (56 ± 2 %) induced less overload
compared to M (70 ± 5 %) and H (85 ± 5%) cadence
which also differed from each other (Figure 2C).

As can be seen in Figure 3, the perceptions of effort
(Figure 3A) and recovery (Figure 3C) changed throughout
the series. No change was found in L cadence, however,
statistical differences (p < 0.05) were found from the fifth
set of M cadence in both perceived exertion (F(19, 280) =
4.133) and in recovery (F(19, 280) = 8.708). Considering the
H cadence, statistical differences (p < 0.05) were found
from the fourth and seventh set onwards compared to the
first in both RPE (F(19, 280) = 19.17) and RPR (F(19, 280) =
4.178).

Significant differences were found in the area under
the curve in the perceptions of effort (F(2, 42) = 159.6;
p < 0.0001) and recovery (F(2, 42) = 745.5; p < 0.0001)
between the cadences. As shown in Figure 3B and 3D
respectively, the values of the area under the curve for
RPE increased with increasing cadence (L: 73 ± 18 < M:
114 ± 10 < H: 154 ± 3) and decreased in recovery (L:
176 ± 9 > M: 93 ± 9 > H: 58 ± 8) indicating that the
increase in cadence induced greater perceived exertion
with concomitant impairments in recovery, suggesting a
possible effect of accumulated fatigue between sets.

As showed on figure 4 the values of feeling before
and after the exercise sessions. Significant effect of time
(F(1, 42) = 199.4 p < 0.0001) and interaction (F(2, 42) =
34.08; p < 0.0001) were found. Decrease on the percep-
tion of pleasure in L (Before: 4.66 ± 0.48, After:
2.40 ± 0.50; MD [95%CI): −2.267[1.448 − 3.086];
p < 0.05) and H (Before: 4.40 ± 0.50, After: 0.26 ± 1.58;
MD [95%CI): 4.133[3.314 − 4.952]; p < 0.05) cadences
were found, but not at M (Before: 4.0 ± 0.50, After:
3.86 ± 0.83; MD [95%CI): 0.7333[−0.085 − 1.552];
p > 0.05) cadence.

The perceived exertion values of the session and the
total number of movements can be seen in Figure 5. Sig-
nificant differences (F(1.7455, 24.43) = 145.8; p < 0.0001)
were found in the perception of session effort demonstra-

Figure 1 - Typical images representing the equipment used, including elliptical (Panel A), rowing (Panel B), surf/elliptical (Panel C), and leg press (Panel
D) machines.
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ting that H (8.06 ± 0.59) cadence promoted greater effort
compared to M (6.20 ± 0.86) and L (3.46 ± 1.18) caden-
ces, which also differed from each other. Significant dif-
ferences were found in the total number of movements
(F(1.084, 15.18) = 1588; p < 0.0001) demonstrating that the
cadence induced change in the number of movements (L:
145 ± 6 < M: 300 ± 7 < H: 553 ± 33; repetitions).

Discussion
The control of loads during physical exercise is con-

sidered a fundamental issue for exercise prescription in
several populations, however, it is extremely difficult to
objectively adjust external loads to match the target inter-
nal load. This study aimed to investigate the effects of dif-
ferent cadences of movement in ATI equipment on elderly
men's psychophysiological parameters. The main finding
of the present study was that different cadences induce

different psychophysiological responses in the older adults
performing exercise in ATI community programs.

Currently, the number of repetitions has been con-
sidered as an external load parameter in training
sessions23,24. In strength training25 it was shown that dur-
ing conditions of high stress the number of repetitions per-
formed in a subsequent series of strength exercises can be
considerably reduced. It is worth mentioning that in this
study because all the machines used do not provide an
opportunity to increase the external load by adding weight,
different cadences were used to promote different external
loading. Thus, our results may contribute to the develop-
ment of a new strategy for the development of exercise
programs when the objective is to improve neuromuscular
parameters with the use of different cadences of muscle
action in several exercise sessions. Indeed, as explained in
the present study, the increase in the number of repetitions

Figure 2 - Values expressed as mean ± standard deviation of feeling scale before and after carrying out the protocols of low (L), moderate (M), and high
(H) cadences of the rate of heart rate (HR) in all sets (Panel A), mean of the session (Panel B) and relative (Panel C). *p < 0.01 vs. first set top Panel A.
*p < 0.01 vs. L, †p < 0.01 vs. M to Panel B and C.

4 Psychophysiological effects of single bout exercise in outdoor fitness



promoted a physiological change in heart rate and psycho-
physiological indicators.

In our study, an increase in the rate of perceived
exertion was observed following the increase in cadence.
Our findings confirm the hypothesis that higher cadence
exercises can promote different physiological responses
mobilizing the same amount of muscle mass. A possible
explanation for this fact, in addition to the metabolic
demand, may be associated with the indication that exer-
cises performed with greater speed, generate greater ten-
sion, resulting in occlusion of the capillaries of the
muscles used during execution. This response has already
been documented in the literature mainly for inducing an
increase in peripheral vascular resistance and, conse-
quently, an increase in heart rate26.

Additionally, the rate of perceived exertion has also
been used as a viable measure to control the training load
due to its reliability in monitoring the training intensity27.

Figure 3 - Values expressed as mean ± standard deviation of feeling scale before and after carrying out the protocols of low (L), moderate (M), and high
(H) cadences of the rate of perceived exertion (RPE; Panel A) and recovery (RPR; Panel C) and respective area under the curve of RPE (Panel B) and
RPR (Panel D). *p < 0.01 vs. first set-top Panel A and C. *p < 0.01 vs. L. †p < 0.01 vs. M to Panel B and D.

Figure 4 - Values are expressed as mean ± standard deviation of the
feeling scale before and after carrying out the protocols of low (L), mo-
derate (M), and high (H) cadences. †p < 0.01 vs. L. ‡ p < 0.01 vs. H.
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Foster et al.28 point out that these scales are ideal for con-
trolling the internal load in cyclical activities of high
intensity, as they isolate the specific demands of different
forms of training. In the current study, although the exer-
cises are performed on various equipment, there is a cycli-
cal use of each movement, which can correspond to the
requirements of typical cyclic exercises.

Considering the perception of recovery, it is worth
mentioning that only moderate and high cadence exercises
ere found a reduction in the perception of recovery, sug-
gesting that the speed requested during muscle
actions29,30, as well as the increase in its demand confirm
the idea that these parameters can promote different phy-
siological responses and promote early fatigue31.

About the feeling scale parameter, our data indicate
that L and H cadency induced reduction in perception of
pleasure differently from M cadence. There are studies
indicating that higher intensities can reduce the sensation
of pleasure22,32, however, the sessions in the current study
were not effective in promoting significant changes in the
sensation of pleasure, despite the elder were physically
inactive. Frazão et al.22 showed that subjects with higher
levels of physical fitness had fewer alterations in relation
to pleasure because they had greater tolerance and
Ekkekakis33 showed a better sense of self-efficacy in the
practice of exercises. In addition, the environment where
the exercises were performed (outdoor park) may have
substantially influenced the cognitive process, generating
greater affection and pleasure for the exercises performed,
regardless of the protocol applied34.

Another important point that deserves attention is
the recovery interval. Taulaniemi et al.35 demonstrated
that physical performance during exercise is influenced by
the physical recovery interval. The recovery interval is
recognized as the primary determinant of intensity in high-
intensity training sessions36. Furthermore, psychological
interference may occur, as demonstrated in the study by
Bourdon et al.30, in which subjects submitted to the same

training session with a similar external load on alternate
days, exhibited different internal loads considering differ-
ent perceptions of the state of fatigue and emotional dis-
turbances.

Thus, although additional studies are needed, the
current results indicate that a subjective approach can be
an effective means to assess recovery21. The execution of
movements at high speed can also be associated with fati-
gue due to the increase in the recruitment of muscle
fibers37 as well as the exercise execution time38, affecting
the perception of recovery.

Some limitations must be presented in this study.
The level of previous physical activity of the elderly was
low and the failure to perform a maximum incremental
test to confirm the maximum heart rate as well as the level
of physical fitness may have limited the extent of our find-
ings. It is suggested that further studies be carried out
using the maximum test to assess physical fitness to con-
firm our findings. Finally, in ATIs there is a considerable
variety of equipment and therefore our results should not
be extrapolated to other exercise/equipment or different
exercise session designs.

Conclusion
In conclusion, the use of different exercise cadences

induced different responses in psychophysiological mea-
sures of elderly individuals undergoing exercise sessions
on ATI equipment. Both moderate and high cadence
showed higher responses compared with the low cadence.
Since the moderate cadence provided an increase in HR
with values considered safe for exercise and matching
typical guidelines for this subject cohort, we recommend
clinical triage before use in this equipment according to
our study design. Moreover, the moderate cadence
induced perception of effort and viable recovery without
promoting changes in the perception of pleasure. Our find-
ings confirm the hypothesis that higher cadence exercises

Figure 5 - Values expressed as mean ± standard deviation of carrying out the protocols of low (L), moderate (M), and high (H) cadences of the rate of
perceived exertion of the session (Panel A) and total movements (Panel B). *p < 0.01 vs. L. †p < 0.01 vs. M.
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can promote different physiological responses mobilizing
the same amount of muscle mass.
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