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Acute and Chronic Effects of Exercise in Health
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Abstract - Background: We sought to verify the standard of weekly training loads (TL) of the Brazilian under-
19 men's volleyball team, the salivary cortisol and testosterone concentrations and perceived recovery status
(PRS), to understand how these variables respond after one day of recovery, and to observe the correlations
between PRS and salivary cortisol and testosterone concentrations. Methods: PRS, salivary collections for the
analysis of testosterone and cortisol concentrations were performed in 17 athletes (18.3 + 0.30 years, 87.39 +
9.02 kg, 198.34 + 8.13 cm) at the beginning of the first training session (M1), at the end of the last training ses-
sion (M2) and one day after the last training session of the week, at the beginning of the session (M3). The session
rating of perceived exertion method (sRPE) monitored TL. Results: The monotony was 2.1 A.U., and weekly TL
was 5712 = 149 (A.U.). Salivary cortisol concentrations showed significant differences between the moments
evaluated (p = 0.001). There was an increase between M1 and M2 (p = 0.001; ES 1.18) and between M1 and M3
(p = 0.001; ES 1.27). No significant differences were found between M2 and M3 (p = 0.387; ES 0.30). Salivary
testosterone concentrations remained similar between the three moments (p = 0.342), as well as the PRS
(p = 0.298), with effect size insignificant and small between the moments. The PRS showed a positive correla-
tion with testosterone and did not show correlations with cortisol. Conclusions: We conclude that the training
loads generated significant increases in salivary cortisol concentrations, which remained after one day of recov-
ery, without alterations in testosterone concentrations and PRS.
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Introduction

High-performance sports teams require significant
training volumes, with the preparatory period focusing
on achieving the performance levels needed to meet
competitive demands. During the training process,
athletes may experience performance declines caused
by prolonged excessive training, associated stressors,
and inadequate recovery time'. Consequently, mon-
itoring training loads becomes essential for under-
standing their impact on physiological variables, such
as hormonal concentrations (testosterone and cortisol),
as well as psychophysiological factors like perceived
recovery status (PRS) and rating of perceived exertion
(RPE). This approach facilitates the analysis of changes
stemming from the applied training loads. The combi-
nation of objective and subjective tools is particularly

effective for monitoring fatigue and recovery, allowing
for a comprehensive evaluation of responses”.

Among the methods for monitoring internal train-
ing loads, the session rating of perceived exertion
(sRPE) method has been extensively used in team
sports”>. In volleyball, internal training load assess-
ments based on sRPE have proven to be a reliable and
easily applicable approach. Because volleyball
emphasizes strength and power in practice, tools that
measure effort intensity, such as the sRPE method, are
crucial for analyzing training loads*™°.

About psychophysiological parameters, PRS
evaluates individual recovery status, making it crucial
for identifying performance declines associated with
athletes reporting a feeling of not being recovered. It is
also a simple method that can be applied daily”. The
authors highlight the importance of PRS in identifying
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performance declines when athletes report feeling
unrecovered compared to those who report being
recovered or moderately recovered. These practical
and straightforward analyses can be associated with
the concentrations of testosterone and cortisol hor-
mones, which are also used as possible predictors of
stress and recovery®”. They can be evaluated through
salivary concentration, providing insights into physio-
logical changes related to the mental and physical
demands on athletes during preparatory and competi-
tive periods'®.

Studies in different populations show that acute
exercise sessions and training periods can lead to
increased testosterone concentrations''™'? and cortisol
concentrations'>'*, which seem to be associated with
the imposed loads. However, other studies indicate no
difference in acute '' or chronic'*">"'® cortisol con-
centrations despite the training loads. Evaluating vol-
leyball athletes, some studies found no differences in
testosterone and cortisol concentrations pre- and post-
competitions] 729 However, De Freitas et al.?!, asses-
sing training periods, found no changes in cortisol
concentrations in volleyball athletes over one week of
training. Mazon et al.”? observed increased testoster-
one concentrations after 12 weeks of training. Thus,
the behavior of testosterone and cortisol concentra-
tions during training periods and varying recovery
times in volleyball athletes remains unclear.

Thus, the aim of the present work was to verify
the behavior of TL during one week of athletes from
the Brazilian under-19 men's volleyball team and their
repercussions on salivary testosterone and cortisol
concentrations and PRS, in addition, to understand
how these variables behave after one day of recovery
in which the athletes remain in a concentration regime
at the training site.

Our hypothesis was that the salivary cortisol and
testosterone concentrations would be altered with the
loads imposed on athletes during the week, and with
one day of recovery, the concentrations would
decrease in relation to the end of the training week.

Materials and methods

Population

Seventeen athletes from the Brazilian under-19
volleyball team participated in the sample, with a
mean age of 18.3 + 0.3 years, body mass 87.39 +
9.02 kg and height 198.34 + 8.13 cm. All athletes of
the sample were selected by the Brazilian Volleyball
Confederation to participate in the under-19 team in
2019.

Previously to the participation in the study, ath-
letes read and signed the free and informed consent
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form, which contained all information relevant to the
study. The research project was approved by the
Research Ethics Committee of the University of Rio
Grande do Sul (number: 4,677,011). This study is in
accordance with the Code of Ethics of the World Med-
ical Association (Declaration of Helsinki), published in
the British Medical Journal (July 18", 1964).

Procedures

The assessments were performed during the third
week of the preparatory phase of training of the Brazi-
lian under-19 men's volleyball team for the World
Championship. In this phase, training routines of ath-
letes consisted of two daily training sessions, with
technical and strength training in the morning and tac-
tical training in the afternoon.

In the recovery day, the athletes had free rou-
tines, but they had to stay at the Volleyball Develop-
ment Center (CDV), place where the training camp
was held.

At the time of the athletes' presentation for the
first training session (on Monday), the saliva collection
was performed for the analysis of testosterone and cor-
tisol concentrations (M1), as well as at the end of the
last training session of the week (Saturday) (M2) and at
the moment of re-presentation of athletes for the fol-
lowing week of training, in the morning (Monday),
after one day of recovery (M3).

PRS was collected before the start of the training
sessions at the three moments evaluated. RPE was col-
lected after the morning and afternoon training ses-
sions to evaluate the training loads through the session
RPE method.

Training loads

The RPE assessment was performed through the
CR-10 Scale*® which was used to evaluate the training
loads through the session RPE method proposed by
Foster et al.”*. At the end of training®>°, athletes were
asked to answer the following question: what is your
perception of effort for today's game or training? They
should point their response on the scale. The scale
indexes vary from 0 to 10, in which 0 is equivalent to
no effort and 10 is equivalent to maximal effort. The
athletes were previously familiarized with the use of
scales for at least two years.

TL were monitored by the session RPE (sRPE)
method, which is given by the product of the values
observed by the RPE scale and the training time in
minutes of each session, which corresponds to the ses-
sion TL. For the values of daily TL, TL of morning and
afternoon sessions were summed. The result is pre-
sented in arbitrary units (AU
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Monotony

To obtain the monotony, mean daily training
loads were calculated, including the recovery days, to
compose the mean weekly training loads and the
respective standard deviation. The calculation of
monotony was given by the ratio of mean weekly
training loads by its standard deviation. Values above
2 A.U. were considered a reflection of little oscillation
of training loads™*.

Salivary cortisol and testosterone concentrations

Salivary cortisol and testosterone concentrations
were evaluated though saliva samples. The procedures
were the same in all collections. The athletes were
asked to rinse their mouth with water to remove any
residual food and asked to refrain from drinking caf-
feine and carbonated soda until 1 h before collection.
Then, 1 mL of unstimulated saliva was passively col-
lected in a 5 mL collector tube. The saliva samples
were stored at —20 °C until further analysis and deter-
mined using enzyme immunoassay kits for the quanti-
tative determination of free testosterone in human
saliva (ELISA Salivary Testosterone, LDN, Germany)
and enzyme immunoassay for determination of free
cortisol in human saliva (ELISA Salivary Cortisol, LDN,
Germany)''. Analyses were performed at the Labora-
tory of Exercise Research (LAPEX) at the Physical Edu-
cation, Physiotherapy and Dance School of the
Federal University of Rio Grande do Sul, by an experi-
enced researcher in analyses, where the assay proce-
dures were conducted according to the instruction
manual of the kit used.

Perceived recovery status

Through the PRS scale, validated by Laurent
et al.”, the perception of recovery of athletes was
assessed. The athletes were asked to answer the fol-
lowing question: What is your perception of recovery
at the moment? They should point their response on
the scale. The scale has scores ranging from O to 10, in
which 0 is equivalent to no recovery and 10 is equiva-
lent to total recovery.

Statistical analysis

Data are presented by mean, standard deviation
(SD) and 95% confidence interval (Cl). Normality and
homogeneity of data were verified through Shapiro-
Wilk and Levene tests. For the comparison of mean
daily TL, one-way repeated measures ANOVA was
used. For the comparison of the different moments, the
analysis of generalized estimation equations (GEE) was
used, with a complementary LSD test. Significant dif-
ferences were considered when p < 0.05. Statistical

tests were performed using SPSS software version 22.0
(IBM, Chicago, USA).

For effect size (ES) analysis, Cohen's d coefficient
was used, in which an effect size of < 0.19 was con-
sidered insignificant, 0.20-0.49 small, 0.50-0.79 med-
ium, 0.80-1, 29 large and > 1.30 very large®”.

Results

The monotony was 2.1 A.U., reflecting a low
oscillation in TL throughout the week, despite the
training loads showing significant differences between
days. The TL was higher on day two (Tuesday) and
lower on day one (Monday), day 3 (Wednesday) and
day 6 (Saturday), as shown in Figure 1. The TL of the
week was 5712.1 + 149.8 (A.U.).

Salivary cortisol concentrations presented sig-
nificant differences between the moments evaluated (p
= 0.001). There were differences between M1 and M2
(p = 0.001; ES 1.18) and between M1 and M3
(p =0.001; ES 1.27). On the other hand, there were no
significant differences between M2 and M3 (p = 0.387;
ES 0.30). Testosterone concentrations remained similar
between the three moments evaluated (p = 0.342), as
well as PRS (p = 0.298) with effect size insignificant
and small between the moments (Table 1).

Discussion

The present study aimed to verify the behavior of
training loads during one week of the Brazilian under-
19 men's volleyball team athletes and their repercus-
sions on salivary testosterone and cortisol concentra-
tions and PRS, in addition, to understand how these
variables behave after one day of recovery in which
the athletes remained at the Volleyball Development
Center (training camp). The monotony was 2.1 A.U.,
reflecting a low oscillation in TL throughout the
week”?, producing an increase in cortisol concentra-
tions from the beginning to the end of the training

Training Load
1600

1400
1200
1000

Training Days

Monday Tuesday Wednesday Thursday Friday Saturday

Session RPE (A.U.)

Figure 1 - Mean values of the training loads of the week evaluated
using the session RPE method (A.U. - arbitrary units). Letters of the
same type indicate no significant differences, and different letters
indicate significant differences between the training loads of the
days of the week.
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Table 1 - Mean values, standard deviation, 95% Cl of salivary cortisol concentrations (Sal-C) (pg/mL) and salivary testosterone concentrations
(Sal-T) (ng/mL) evaluated in the three moments. Number of athletes: Sal-C (17), Sal-T (10), PRS (17).

M1

M2 M3

Mean = SD 95% ClI

Mean = SD

95% ClI Mean + SD 95% ClI

Salivary cortisol concentra- 3.36+1.68° (2.55; 4.16)

tion (Sal-C) (ng/mL)
Salivary testosterone con- 140.29 +48.25 (110.36; 170.22)

centration (Sal-T) (pg/mL)

PRS 7.64 +1.98 (6.60; 8.68)

7.53 £4.57°

7.43 +0.97

(5.34;9.71) 6.37 +2.80° (5.03;7.71)

163.18 £39.72 (138.53;187.82) 144.71+£50.43 (113.43; 176.00)

(6.92; 7.94) 8.00 +1.49 (7.21; 8.79)

Letters of the same type indicate no significant differences, and different letters indicate significant differences in the three moments evaluated.
M1 = morning before the start of weekly training sessions, M2 = after the end of the last training session of the week, M3 = morning of re-pre-
sentation to training after one day of recovery. Perceived recovery status (PRS), standard deviation (SD).

week and maintenance of these values after one day of
recovery, but without differences in testosterone con-
centrations and PRS between the three moments eval-
uated.

The preparatory period for the U-19 team con-
sists of 2 weeks. The first week consists of 6 days of
training and 1 day of recovery and the second week
consists of 4 days of training and 3 days of recovery.
The organization of the 2-week micro-cycle can partly
explain the low variation of the loads, as the Technical
Committee organizes the LT in relation to the micro-
cycle and not only in the first week. loads, as the tech-
nical committee organizes the LT related to the micro-
cycle, and not just the first week.

Our findings show high weekly training loads in
the week evaluated, and corroborate with Aoki et al.*
who showed that under-19 athletes have training loads
very similar to the demands of adult volleyball teams,
and the high loads found in our study are compared to
moments of intensification of training loads, which is
probably related to the preparatory period stage eval-
uated.

An increase in salivary cortisol concentrations
was expected after the training week, due to the
imposed training loads, and a decrease in these
levels after a recovery day compared to the values
found after the end of the training week. Partially
agreeing with our hypothesis, significant differences
were found in the concentrations between M1 and
M2 (p = 0.006), but no difference between M2 and
M3 (p = 0.100). Cortisol has a catabolic effect, mobi-
lizing energy stores and contributing to acute exer-
cise responses. Increased cortisol concentrations are
natural and expected after intensified training loads,
as it aids in making metabolic substrates available
and maintaining vascularization, leading to enhanced
tissue sensitivity to glucocorticoids. Glucocorticoids
neutralize muscle inflammation, cytokine synthesis,
and muscle damage, aiming for tissue repair. How-
ever, when high concentrations are maintained over

prolonged periods, they can lead to overtraining syn-
drome®®°.

Differences were demonstrated from M1 (begin-
ning of the week) to M2 (end of the week) (p = 0.006),
showing that there was an increase in cortisol con-
centrations from the beginning of the week to the end
of the last training session of the week. Studies corro-
borate our findings'”*° showing increases in cortisol
concentrations after training periods or after competi-
tions, and seem to be related to the training loads
imposed. De Freitas et al.”', showed that the weekly
training load of 2354 + 492 (A.U.) in professional vol-
leyball athletes, evaluated by the session RPE**, did
not generate changes in cortisol concentrations. The
authors explain the lack of effects found in the study
could be the adaptation of the players, related to the
effect of repeated bouts, acquired during years of high
level volleyball training. We emphasize that the values
of the weekly training loads evaluated in the present
study reached 5712.1 + 149.8 (A.U.), a higher value
than the weekly training loads in the study by De Frei-
tas et al.?', and the population of the present study is
not professional athletes, may explain these differ-
ences.

Cortisol levels were expected to decrease after
the recovery day proposed by the technical committee
(from M2 to M3, p = 0.100), however, there were no
significant differences, showing that a recovery day
was not a sufficient period to reduce the cortisol con-
centrations in these athletes. Furthermore, significant
differences were found between M1 and M3 moments
(p = 0.016) with higher values in cortisol concentra-
tions after a recovery day, when compared to the
beginning of the training week. It is noteworthy that in
the following week of training, only four days of train-
ing were performed, followed by three days of recov-
ery. Therefore, this proposal of greater load increments
may be a strategy of the team to apply a short period of
functional overreaching, aiming at greater adaptations
of the athletes in the preparatory period.
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As well as cortisol concentrations, an increase in
testosterone concentrations was expected during the
training week, with a reduction after the recovery per-
iod. But testosterone levels did not show significant
differences between the three moments evaluated
(p = 0.925). Testosterone release during physical exer-
cise appears to be directly related to intensity and pro-
motes anabolic effects with multiple physiological
functions, particularly in the growth and maintenance
of muscle and bone mass*’.

Assessing testosterone concentrations, Filaire
et al."” showed reductions in testosterone levels rela-
ted to the increase in TL. On the other hand, Horta
et al.” found no changes in testosterone concentrations
after six weeks of training. Contrary to the findings of
the present study, Mazon et al.?” showed increased
testosterone concentrations after a 12-week training
period in volleyball athletes. The magnitude of the
responses of testosterone concentration could it affec-
ted by many factors including the nutritional intake
and training experience’®. And conflicting results
demonstrate the complexity of hormonal responses
and the likelihood several factors are contributing to
the response”?.

PRS also remained similar in the three moments
evaluated (p = 0.171). PRS was assessed using the
scale proposed by Laurent et al.” which has scores
ranging from O (no recovery) and 10 (maximum recov-
ery). Our findings show that despite the high TL, the
athletes showed very good recovery at the time of pre-
sentation for training, despite the increased cortisol
concentrations observed after the training week and
after the recovery period. Volleyball athletes, when
evaluated using the Total Quality Recovery scale
(TQR) with scores ranging from 6 (minimum recovery)
to 20 (maximum recovery)31 showed that the mean
scores of the preparatory period were between good
and very good recovery, while Timoteo et al.*’
showed that volleyball athletes present scores close to
very good recovery. These results are similar to those
presented in the study.

The authors also point out that, although spec-
ulative, the psychophysiological dimensions and emo-
tional state indices can distinguish the athletes' ability
to deal with training stress, which may partially justify
the very good recovery (PRS) despite higher values in
cortisol concentrations. The findings by Berriel et al.**
corroborate ours, showing an increase in creatine
kinase (CK) concentrations in the preparatory phase,
although the perception of stress and recovery
remained stable (assessed by RESTQ-Sport). Therefore,
it is so important to monitor psychophysiological and
physiological markers to understand the demands of
training loads. PRS scales proved to be sensitive when
used in volleyball teams. Moreover, a proper inter-

pretation of these indexes along with the other tools
can help to adjust the training loads more accurately
and the optimal recovery period.

Possible limitations include the short evaluation
period (one week of training), and only one recovery
period proposed. A strength of our work is the fact that
we showed that only one week of training can sig-
nificantly change cortisol concentrations, despite hav-
ing no changes in testosterone concentrations and
PRS. This is an important information for practical
application, showing the importance of monitoring
loads and establishing training and recovery strategies
for athletes to improve their sports performance, with-
out taking them to possible situations of chronic stress.

Conclusion

We conclude that the training loads imposed on
athletes during a week showed low a low oscillation in
TL throughout the week, can generate significant
increases in salivary cortisol concentrations, being
able to maintain these changes after one day of recov-
ery, without changes in testosterone concentrations.
These findings show the importance of monitoring the
training loads of athletes, as well as the importance of
uniting physiological and psychophysiological assess-
ments for decision making.

Al use statement

No Al was used in this research.

Author contributions (CRediT)

Ananda S Cardoso: conceptualization, formal
analysis, investigation: methodology, data curation,
writing - original draft, writing - review and editing,
visualization. Guilherme P Berriel: conceptualization,
formal analysis, investigation: methodology, data
curation, writing - original draft, writing - review and
editing, visualization. Natalia S Ferreira’ methodol-
ogy, data curation, writing - original draft, visualiza-
tion. Cleidir L Gerlach: methodology, data curation,
writing - original draft, visualization. Francesco P
Boeno: formal analysis, data curation, writing - review
and editing, visualization. Leonardo A Peyré-Tartar-
uga: investigation: methodology, data curation, writing
- review and editing, visualization. Luiz FM Kruel:
investigation: methodology, data curation, writing -
review and editing, visualization.

Funding

The authors acknowledge financial support from
Coordenagao de Aperfeicoamento de Pessoal de Nivel



Superior (CAPES), and from Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq).

Data availability statement

Research data is available in the body of the
document.

Conflict of interest

The authors declare that they have no conflicts of
interest relevant to the content of this article. All co-
authors have seen and agree with the contents of the
manuscript and there is no financial interest to report.

References

1. Suarez-Arrones LJ, Nunez FJ, Portillo J, Mendez-Villa-
nueva A. Running demands and heart rate responses in
men rugby sevens. ] Strength Cond Res. 2012;26:3155-
59. doi

2. Bourdon PC, Cardinale M, Murray A, Gastin P, Kellmann
M, Varley MC, et al. Monitoring athlete training loads:
consensus statement. Int J Sports Physiol Perform.
2027;12(2):161-70. doi

3. Bara Filho MG, Andrade FC, Nogueira RA, Nakamura FY.
Comparagdo de diferentes métodos de controle da
carga interna em jogadores de voleibol. Rev Bras Med
do Esporte. 2023;19:143-6. doi

4. Aoki MS, Arruda AF, Freitas CG, Miloski B, Marcelino PR,
Drago G, et al. Monitoring training loads, mood states,
and jump performance over two periodized training
mesocycles in elite young volleyball players. Int ] Sports
Sci Coach. 2027:12(1):130-7. doi

5. Horta TAG, Bara MG, Miranda R, Coimbra DR, Werneck
FZ. Influéncia dos saltos verticais na percepgdo da
carga interna de treinamento no voleibol. Rev Bras Med
do Esporte. 2017;23:403-6. doi

6. Pisa MF, Zecchin AM, Gomes LG, Norberto MS, Puggina
EF. Internal load in male professional volleyball: a sys-
tematic review. | Sports Med Phys Fitness.
2022;62:1465-73. doi

7. Laurent CM, Green JM, Bishop PA, Sjokvist J, Schumacker
RE, Richardson MT, et al. A practical approach to mon-
itoring recovery: development of a perceived recovery
status scale. ] Strength Cond Res. 2011;25:620-8. doi

8. Adlercreutz H, Harkonen M, Kuoppasalmi K, Naveri H,
Huhtaniemi I, Tikkanen H, et al. Effect of training on
plasma anabolic and catabolic steroid hormones and
their response during physical exercise. Int ] Sports
Med. 1986;7:527-528. doi

9. Coutts AJ, Slattery KM, Wallace LK. Practical tests for
monitoring performance, fatigue and recovery in triath-
letes. ] Sci Med Sport. 2007;10:372-81. doi

10. Pefailillo LE, Escanilla FA, Jury ER, Castro-Sepulveda
MA, Deldicque L, Zbinden-Foncea HP. Differences in
salivary hormones and perception of exertion in elite
women and men volleyball players during tournament.
) Sports Med Phys Fitness. 2018;58(11):1688-94. doi

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

Hormone concentrations in volleyball athletes

. Cadore EL, Lhullier FL, Alberton CL, Almeida APV,

Sapata KB, Korzenowski AL, et al. Salivary hormonal
responses to different water-based exercise protocols in
young and elderly men. ] Strength Cond Res.
2009;23:2695-2701. doi

Hough J, Robertson C, Gleeson M. Blunting of exercise-
induced salivary testosterone in elite-level triathletes
with a 10-day training camp. Int J Sport Physiol Per-
form.2025;10(7):935-8. doi

O'Connor PJ, Morgan WP, Raglin JS. Psychobiologic
effects of 3 d of increased training in female and male
swimmers. Med Sci Sport Exerc. 1991;23(9):1055-61.
PMID

Gomes RV, Moreira A, Lodo L, Nosaka K, Coutts AJ,
Aoki MS. Monitoring training loads, stress, immune-
endocrine responses and performance in tennis players.
Biol Sport. 2013;30(3):173-80. doi

Buchheit M, Racinais S, Bilsborough JC, Bourdon PC,
Voss SC, Hocking J, et al. Monitoring fitness, fatigue
and running performance during a pre-season training
camp in elite football players. J Sci Med Sport. 2013;16
(6):550-5. doi

Filaire E, Le Scanff C, Duché P, Lac G. The relationship
between salivary adrenocortical hormones changes
and personality in elite female athletes during handball
and volleyball competition. Res Q Exerc Sport. 1999;70
(3):297-302. doi

Edwards DA, O'Neal JL. Oral contraceptives decrease
saliva testosterone but do not affect the rise in testoster-
one associated with athletic competition. Horm Behav.
2009;56(2):195-8. doi

Souglis A, Bogdanis GC, Giannopoulou I, Papadopoulos
Ch, Apostolidis N. Comparison of inflammatory respon-
ses and muscle damage indices following a soccer, bas-
ketball, volleyball and handball game at an elite compe-
titive level. Res Sports Med. 2015;23(1):59-72. doi

Moreira A, Freitas CG, Nakamura FY, Drago G, Drago
M, Aoki MS. Effect of match importance on salivary
cortisol and immunoglobulin A responses in elite
young volleyball players. J Strength Cond Res. 2013;27
(1):202-7. doi

De Freitas VH, Ramos SP, Bara-Filho MG, Freitas DGS,
Coimbra DR, Cecchini R, et al. Effect of cold water
immersion performed on successive days on physical
performance, muscle damage, and inflammatory, hor-
monal, and oxidative stress markers in volleyball play-
ers. ) Strength Cond Res. 2019;33(2):502-13. doi

Mazon J, Gastaldi A, Di Sacco T, Cozza |, Dutra S, Souza
H. Effects of training periodization on cardiac auto-
nomic modulation and endogenous stress markers in
volleyball players. Scand ] Med Sci Sports. 2013;23
(1):114-20. doi

Borg GA. Perceived exertion: a note on “history” and
methods. Med Sci Sports. 1973;5(2):90-3. PMID

Foster C, Daines E, Hector L, Snyder AC, Welsh R. Ath-
letic performance in relation to training load. Wis Med
J. 1996;95(6):370-4. PMID

. Kilpatrick MW, Robertson R], Powers JM, Mears JL, Fer-

rer NF. Comparisons of RPE before, during, and after


http://doi.org/10.1519/JSC.0b013e318243fff7
http://doi.org/10.1123/IJSPP.2017-0208
http://doi.org/10.1590/S1517-86922013000200015
http://doi.org/10.1177/1747954116684394
http://doi.org/10.1590/1517-869220172305172132
http://doi.org/10.23736/S0022-4707.22.12885-9
http://doi.org/10.1519/JSC.0b013e3181c69ec6
http://doi.org/10.1055/s-2008-1025798
http://doi.org/10.1016/j.jsams.2007.02.007
http://doi.org/10.23736/S0022-4707.17.07681-2
http://doi.org/10.1519/JSC.0b013e3181bc18b1
http://doi.org/10.1123/ijspp.2014-0360
https://pubmed.ncbi.nlm.nih.gov/1943626/
http://doi.org/10.5604/20831862
http://doi.org/10.1016/j.jsams.2012.12.003
http://doi.org/10.1080/02701367.1999.10608048
http://doi.org/10.1016/j.yhbeh.2009.01.008
http://doi.org/10.1080/15438627.2014.975814
http://doi.org/10.1519/JSC.0b013e31825183d9
http://doi.org/10.1519/JSC.0000000000001884
http://doi.org/10.1111/j.1600-0838.2011.01357.x
https://pubmed.ncbi.nlm.nih.gov/4721012/
https://pubmed.ncbi.nlm.nih.gov/8693756/

Cardoso et al.

26.

27.

28.

29.

30.

31

self-regulated aerobic exercise. Med Sci Sports Exerc.
2009;41(3):682-7. doi
Rodriguez-Marroyo JA, Blanco P, Foster C, Villa JG, Car-
ballo-Leyenda B. Expanding knowledge about the
effect of measurement time on session rating of per-
ceived exertion. J Strength Cond Res. 2023;37(1):230-
33. doi
Cohen, . Statistical power analysis. Curr Dir Psychol Sci
1992;1:98-101. doi
El-Farhan N, Rees DA, Evans C. Measuring cortisol in
serum, urine and saliva - are our assays good enough?
Ann Clin Biochem. 2017;54(3):308-22. doi
Kraemer WJ, Ratamess NA, Hymer WC, Nindl BC, Fra-
gala MS. Growth hormone(s), testosterone, insulin-like
growth factors, and cortisol: roles and integration for
cellular development and growth with exercise. Front
Endocrinol (Lausanne). 2020;11:33. doi
Kraemer W), Ratamess NA, Nindl BC. Recovery respon-
ses of testosterone, growth hormone, and IGF-1 after
resistance exercise. ] Appl Physiol. 2017;122(3):549-
58. doi

. Debien PB, Mancini M, Coimbra DR, de Freitas DGS,

Miranda R, Bara Filho MG. Monitoring training load,
recovery, and performance of brazilian professional
volleyball players during a season. Int ] Sports Physiol
Perform. 2018;13(9):1182-9. doi

32. Timoteo TF, Debien PB, Miloski B, Werneck FZ, Gabbett
T, Bara Filho MG. Influence of workload and recovery
on injuries in elite male volleyball players. ] Strength
Cond Res. 2021;35(3):791-6. doi

33. Berriel GP, Costa RR, da Silva ES, Schons P, de Vargas
GD, Peyré-Tartaruga LA, et al. Stress and recovery per-
ception, creatine kinase levels, and performance para-
meters of male volleyball athletes in a preseason for a
championship. Sports Med Open. 2020;6(1):26. doi

Corresponding author

Name: Ananda Silveira Cardosos. Universidade
Federal do Rio Grande do Sul, Escola de Educacao
Fisica, Fisioterapia e Danca, Porto Alegre, RS, Brazil.
E-mail: anandascf@gmail.com.

Manuscript received on November 22, 2022
Manuscript accepted on November 29, 2025

(0 @

Motriz. The Journal of Physical Education. UNESP. Rio Claro, SP,
Brazil - eISSN: 1980-6574 - under a license Creative Commons - Ver-
sion 4.0



http://doi.org/10.1249/MSS.0b013e31818a0f09
http://doi.org/10.1519/JSC.0000000000004198
http://doi.org/10.1111/1467-8721.ep10768783
http://doi.org/10.1177/0004563216687335
http://doi.org/10.3389/fendo.2020.00033
http://doi.org/10.1152/japplphysiol.00599.2016
http://doi.org/10.1123/ijspp.2017-0504
http://doi.org/10.1519/JSC.0000000000002754
http://doi.org/10.1186/s40798-020-00255-w
mailto:anandascf@gmail.com

	Introduction
	Materials and methods
	Population
	Procedures
	Training loads
	Monotony
	Salivary cortisol and testosterone concentrations
	Perceived recovery status

	Statistical analysis

	Results
	Discussion
	Conclusion
	AI use statement
	Author contributions (CRediT)
	References

