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Abstract

Purpose: Physical overexertion can lead to detrimental
overreaching states without sufficient recovery, which may be
identifiable by Dblunted exercise-induced cortisol and
testosterone responses. A running test (RPEtp) elicits
reproducible plasma cortisol and testosterone elevations (in a
healthy state) and may detect blunted hormonal responses when
overreached. This current study determines the salivary cortisol
and testosterone responses reproducibility to the RPEtp, to
provide greater practical validity using saliva compared to the
previously utilized blood sampling. Secondarily, the relationship
between the salivary and plasma responses will be assessed.
Methods: Twenty-three active, healthy males completed the
RPE+r on three occasions. Saliva (N=23) and plasma (N=13)
were collected Pre-, Post- and 30 min Post-Exercise. Results:
Salivary cortisol did not elevate in any RPEvp-trial, and reduced
concentrations occurred 30 min Post-Exercise (P = 0.029, 52 =
0.287); trial differences were observed (P < 0.001, #? = 0.463).
The RPEqpelevated (P < 0.001, 2 = 0.593) salivary testosterone
with no effect of trial (P = 0.789, #% = 0.022). Intra-individual
variability was 25% in cortisol and 17% in testosterone. ‘Fair’
ICCs of 0.46 (cortisol) and 0.40 (testosterone) were found.
Salivary and plasma cortisol positively correlated (R = 0.581, P
= 0.037) yet did not for testosterone (R = 0.345, P = 0.248).
Conclusions: The reproducibility of salivary testosterone
response to the RPEtp is evident and supports its use as a
potential tool, subject to further confirmatory work, to detect
hormonal dysfunction during overreaching. Salivary cortisol
responds inconsistently in a somewhat individualized manner to
the RPETp.

Keywords: testosterone, cortisol, preventive measures, stress,
overreaching.
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Introduction

Effective physical performance adaptations require an
appropriately prescribed and periodized training program.?
When overreaching occurs, a reduced athletic capacity
(transiently or otherwise) may be observed, due to imbalanced
overload and recovery periodisation.? Appropriate recovery may
elicit a “supercompensatory” performance response referred to
as functional overreaching (FOR).® Yet, insufficient recovery
from prolonged periods of intensified-training may lead to “non-
functional overreaching” (NFOR) requiring weeks/months for
full recovery — whilst — unchecked NFOR can progress to
overtraining syndrome (OTS) which can, on occasions, demand
years for full recovery to occur.® Prevalence of NFOR/OTS
during an elite athlete’s career can range from ~35%"° to 67%°
yet little progress has been made regarding objective biomarkers
that detect the onset/magnitude of overreaching.

Resting cortisol and testosterone concentrations have been
proposed as overreaching/OTS markers, as they provide a ratio
of catabolic to anabolic activity.® However, their alterations at
rest are inconsistent when comparing pre to post periods of
overload.”® Recently, their acute responses to exercise have
shown promise as an indicator of hormonal dysfunction
following intensified-training periods.®>!® Blunted exercise-
induced salivary cortisol and testosterone responses were shown
following a 30-min cycling bout, known as the 55/80 [1 min at
55% maximal workload (Wma) and 4 min at 80% W max]
following an 11-day® and a 10-day*° intensified-training period,
suggesting these exercise-induced salivary hormones are
potentially useful biomarkers of overreaching/OTS. Recently, a
treadmill-derivative [rating of perceived exertion protocol
(RPETp)]* of the 55/80 cycle? was developed and shown to
induce reproducible elevations of plasma testosterone but not
cortisol .1t

Therefore, this study primarily sought to, in attempt to increase
practical validity, determine whether the same RPE+p cortisol
and testosterone responses in plasmal! could be replicated in
salvia, in healthy (i.e. non-overreached) adult, male individuals.
If salvia was to show such validity, the RPEtp could become a
more practical tool to detect and subsequently inform
practitioner decision-making, regarding any potential hormonal
dysregulation associated with overreaching/OTS. Secondarily,
this study also intended to assess the relationship between saliva
and blood cortisol and testosterone responses to the RPEp, albeit
in a subsection of previously measured participants. It was
hypothesised that (i) salivary testosterone but not cortisol would
acutely elevate in response to the RPE+p; (ii) these responses
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would be reproducible; and (iii) the salivary hormone responses
would correlate with their venous surrogates.

Methods
Participants

This study was completed to expand upon previously published
data.'! Twenty-three ‘recreationally-trained’ and ‘trained’
(categorised as per®® and reflective of performance levels 2 and
3) males [age 21 + 2 years; height 177 £ 6 cm; body mass 76.1
+ 13.1 kg; maximal heart rate (HRmax) 191 + 9 beats-min;
maximum oxygen uptake (VO,pyax) 55 = 6 mL-kg*-min™]
volunteered to participate in this study. Partial data from thirteen
participants  from the previously published study*
(physiological, plasma cortisol, plasma testosterone and
anthropometric data) are included in the present study. The study
was conducted in accordance with the 2013 Declaration of
Helsinki under ethical approval [University of Bedfordshire
Research Ethics Committee (20141SPAR003)]. Following
verbal and written study descriptions participants provided
written informed consent.

Design

The original research!! examined the reproducibility of plasma
cortisol and testosterone responses to two novel running
protocols. The present study extends this work!! by examining
salivary cortisol and testosterone responses to one of these
running protocols (RPEtp), given saliva is a more ecologically
valid sample compared to plasma.

Participants undertook 5 main trials within a temperature-
controlled laboratory (see Figure 1). On the first visit, a
submaximal running test followed by a VO,., test was
undertaken to physiologically characterise participants. During
the subsequent 4 visits (separated by a minimum of 4 to 7 days),
3 exercise trials (T1, T2 and T3), and one resting control trial
(CTL) were completed. In each exercise trial, participants
undertook the RPEtp (Figure 1), which has been detailed
previously.!* CTL identified the influence of the circadian
rhythm on the hormones measured.'**® All participants woke
before 8 AM on the morning of the trial which started at 12 PM
for diurnal variation control purposes.’® A 76-statement
recovery-stress questionnaire (RESTQ-76') was completed
before the start of each exercise bout, as used previously'. No
differences in RESTQ-76" metrics were observed prior to trial
completion, indicating the participants’ were in a similar state of
well-being and pre-disposition to exercise prior to all trials,
likely not overreached and that any alterations in the hormones
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examined were not due to pre-trial stress and/or well-being (or
variation in said measures pre-trial).

Abstinence from exercise, caffeine and alcohol intake 24 hours
before each main trial was requested, and a standard breakfast
chosen by the participant was consumed by 9 AM (repeated prior
to each visit). The participants’ pre-trial 24 h nutritional intake
was determined via a weighed food diary. Nutrition analysis
software (Dietplan, Version 6.70.74, Forestfield, West Sussex,
UK) was used on the food diaries and mean energy (9851 + 4182
kJ), carbohydrate (56% * 12%), fat (25 % £ 13%), and protein
(17% £ 2%) intake were determined. Euhydration was
confirmed by a urine osmolality of < 700 mOsm'kgH,O™.*
Food consumption was not allowed until the end of each main
experimental trial but water was provided ad libitum up to 10
min before saliva sample collection.

*** Insert Figure 1 near here ***
Methodology

Submaximal running and V0,,,,,, tests. The protocols used for
determination of VO, have been detailed and justified in
previous research.''® Briefly, a 4x4-min-stage, incremental
treadmill-run submaximal test was completed, to determine the
running speed/oxygen consumption (VO,) relationship.? The
initial speed was self-selected between 6.5 — 12.0 kmh* and
increased by 1 km'h™t every stage. The speed corresponding to a
HR of ~150 beatsmin? (range: 8.0 — 14.0 kmh) on the
submaximal test was noted and, after a 20-min recovery period,
used on the incline-ramped VO, test.? The speed was
maintained throughout with a 1% increase in gradient every
minute until volitional exhaustion. Expired gas was analysed
through a breath-by-breath ergospirometry system (MetalLyzer
3B, Cortex, Leipzig, Germany). This protocol determines the
velocity at VO,p,ay £¥V0.mme), from which percentages were
used in the original study!. Such inferences were not required
for this study as only the self-paced RPE+r protocol was utilized.
The participants’ VO, Was established in accordance with the
British Association of Sports and Exercise Sciences’ criteria.®

RPEre and CTL: Briefly and as described in full previously!!,
the RPE~p is a self-paced, continuous, 30-min running bout, with
alternating blocks of 1 min at 11 (fairly light) and 4 min at 15
(hard) on the 6-20 Borg scale?'. Speed was self-adjusted to
maintain exertion in the target range and blinded from the
participant to maintain the exertion in the target range. Saliva
samples were collected pre-, immediately post-, and 30 min post-
exercise in all exercise trials. The CTL followed the same
scheme as in Figure 1 for the RPEtp, but no exercise was
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completed, therefore sample timepoints are referred to as pre-
CTL, post-CTL and 30 min post-CTL. Blood samples were also
collected in the first 13 participants immediately before saliva
sampling. Heart rate (HR) and RPE were measured in the last
15s of each stage via short-range radio telemetry (Polar FT1,
Polar Electro Oy, Kempele, Finland) and the 6-20 Borg scale,?
respectively.

Saliva handling and analysis: Saliva samples were collected
into 7 mL polystyrene sterile containers (Sterilin, Thermo
Scientific, Loughborough, UK) by unstimulated passive drool,
with eyes closed, head tilted slightly forward and avoiding any
orofacial movement.?? Water consumption was not allowed
within the 10 min preceding sampling. Minimum collection time
was 3 min for each participant to allow for collection of
sufficient sample volume (~2 mL). Samples were then
centrifuged at 14600 g for 10 min (Espresso Microcentrifuge,
Thermo Scientific, Loughborough, UK) and the supernatant was
transferred into 1.5 mL aliquots (Eppendorf, Hamburg,
Germany) to be stored at -80°C until further analysis.

Salivary cortisol and testosterone concentrations were
determined by using commercially available enzyme-linked
immunosorbent assay (ELISA) kits (Salimetrics, PA 16803,
USA). All samples were analysed in duplicate and average
concentrations were used. The determined mean intra-assay CVs
were 4.8% (salivary cortisol) and 4.4% (salivary testosterone).
The present analyses resulted in in-lab mean inter-assay CVs of
5.1% and 6.8% for salivary cortisol and testosterone,
respectively.

Venous plasma handling and analysis: All analytical
procedures for blood collection, treatment and analysis have
been detailed previously.!! Briefly, whole blood samples were
collected by venepuncture from the antecubital fossa into
tripotassium ethylenediaminetetraacetic acid (KsEDTA) tubes,
centrifuged at 4°C for 10 min (1500g) and the plasma stored at -
80°C before further analysis. The ELISA kits (IBL International,
Hamburg, Germany) mean intra- and inter-assay CVs were 3.0%
and 4.6%, and 3.5% and 5.7% for plasma cortisol and
testosterone, respectively. The venous blood sample data was
taken from previously published work!! and has been used for
correlation with the salivary data presented in this present study
only.

Statistical Analysis
The IBM Statistical Package for Social Sciences® (SPSS)

Statistics version 23.0 (SPSS Inc., Chicago, IL) was used for all
statistical analysis. The Shapiro-Wilk test and scatter plots were
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used for verification of normality and homoscedasticity of raw
data, respectively. When non-normally distributed (all
variables), log transformation to base 10 was completed with
subsequent normality rechecked. All data were then deemed
normally distributed, except for speed (how this analysis was
completed is detailed below). Magnitude of effect was examined
using the Cohen’s d effect sizes (ES)?3, determined by hand as
described in Vincent and Weir,? and labeled using consistent
thresholds of < 0.2 trivial, 0.21 — 0.49 small, 0.50 — 0.80
moderate, > 0.80 large.2*?® The alpha level of significance was
setas P <0.05. Data is reported as mean (SD), and all results are
presented as raw data to facilitate comprehension. Salivary
cortisol and HRmax data were collapsed for all correlation
analysis.

Salivary Hormone and Physiological Data Analysis: Salivary
testosterone, speed and HR data sets were collapsed given there
were no significant differences between any trial (excluding
CTL) (P > 0.05). Salivary cortisol was not collapsed as a trial
effect was observed. A two-way repeated measures analysis of
variance (ANOVA) was used on the normalised data (salivary
hormones and HR), with unchanged significant effects observed.
On finding an effect, paired sample t-tests were used, and
Bonferroni adjustments applied (also used to examine the
hormonal responses during CTL), with partial eta squared (1)
values determining the size of the effect. A non-parametric 2-
related sample Wilcoxon test was used for between-trial
comparisons for speed.

Reproducibility Analysis: Intra-individual coefficients of
variation (CV;) for all physiological and hormonal
measurements were calculated. The intra-individual mean
concentrations (Xt) and SDs (SDy) were used to calculate the CV;
using the equation CV; = (SD¢/X)*100. A two-way model based
on the examination of single measures intraclass correlation
coefficient (ICC,,1) was also used on the collapsed data to
account for the between-individual variability.?” Guidelines on
ICC models propose that values considered poor sit below 0.40,
whereas fair sit within 0.40-0.59, good between 0.60-0.74, and
excellent if or above 0.75.%8

Correlation Analysis: Pearson’s correlation was used to
determine the correlation between the salivary and plasma
cortisol and testosterone concentrations, and the individual
absolute change in salivary cortisol and testosterone with HRmax.
As there was no change in the cortisol response to exercise, these
data have been collapsed. The correlation between plasma and
salivary testosterone has been examined at pre-, post- and 30 min
post-exercise. The level of significance was set as P < 0.05.
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Results
Acute Hormonal Responses

All reproducibility  data and  average  salivary
cortisol/testosterone concentrations are presented in Table 1.

*** |Insert Table 1 near here ***

Salivary cortisol. A trial effect was observed (P < 0.001, #? =
0.463), with average responses being lower in T3 compared to
T2 (P = 0.002). A time effect (P = 0.029, #* = 0.287) was also
observed. Pairwise comparisons showed cortisol did not acutely
elevate in any exercise trial (ES =0.10in T1, ES=-0.11in T2,
ES =0.02 in T3, all P > 0.05), but a lower concentration was
observed at 30 min post-exercise when compared to post-
exercise in T1 (P = 0.003, ES = 0.32) and T2 (P = 0.043, ES =
0.11). Individual acute responses are presented in Figure 2.
Salivary testosterone. There was no effect of trial (P = 0.789, »°
= 0.022), but a significant time effect was observed (P < 0.001,
n? = 0.593). Pairwise comparisons showed salivary testosterone
acutely elevated (P < 0.001) and remained elevated at 30 min
post-exercise (P < 0.05) in all exercise trials. Average acute
percentage-elevations were ~23% (ES =-0.94) in T1, ~40% (ES
=-1.10) in T2 and ~32% (ES = -0.87) in T3. Individual exercise-
induced changes are presented in Figure 2.

Plasma cortisol and testosterone. The plasma cortisol and
testosterone values can be examined in detail elsewhere.!!
Briefly, average raw data for plasma cortisol (nmol-L™?) was
259.1 + 105.3, 313.9 + 125.8, and 292.7 + 123.2 at pre-, post-,
and 30 min post-exercise, respectively. The average raw data for
plasma testosterone (nmol'L!) was 13.4 + 2.6, 18.9 + 3.7, and
15.0 + 3.2 at pre-, post-, and 30 min post-exercise, respectively.

Plasma and Salivary Hormone Correlation. Plasma and salivary
cortisol were shown to positively correlate (R = 0.581, P =
0.037). However, no correlation was observed between plasma
and salivary testosterone concentration levels at pre-exercise (R
= 0.430, P = 0.143), post-exercise (R = 0.250, P = 0.409), and
30 min post-exercise (R = 0.340, P = 0.256), as presented in
Figure 3.

*** Insert Figure 2 near here ***

*** Insert Figure 3 near here ***
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Individual Absolute Change in Salivary Hormone and
Physiological Responses Correlation. Salivary cortisol and
HRmax Were shown to positively correlate (R = 0.632, P < 0.001).
A correlation between salivary testosterone and HRmax was not
observed (R =0.094, P = 0.671), as presented in Figure 4.

*** Insert Figure 4 near here ***
Hormonal Responses During CTL

Salivary cortisol concentrations were lower at post-CTL and 30
min post-CTL than Pre-CTL by ~28% + 17% and ~37% % 19%,
respectively (both P <0.001). Pre-CTL salivary testosterone was
not different from post-CTL (P = 0.142) but was ~12% + 5%
higher than 30 min post-CTL (P = 0.003) (Table 1).

*** |Insert Figure 5 near here ***

Speed/HR Acute Responses and Urine Osmolality

No differences between collapsed trials were found in speed or
HR (P > 0.05 for all) (see Figure 5). Reproducibility and average
data for speed and HR in response to the RPE+p trials are
presented in Table 1. Urine osmolality did not differ between
trials (P > 0.05).

Discussion

This study’s primary aim was to determine whether the same
RPETe cortisol and testosterone responses in plasma'! could be
replicated in saliva, in healthy (i.e. non-overreached) adult, male
individuals. Indeed, the RPE+e significantly and acutely elevated
salivary testosterone in T1 (515 to 630 pmol-L™, ES =-0.94), T2
(491 to 663 pmol-L*, ES =-1.10), and T3 (523 to 661 pmol-L™*,
ES = -0.87). However, salivary cortisol did not significantly
elevate in any trial, as shown previously elsewhere!!, thus
accepting hypothesis (i). Furthermore, the CVi in salivary
testosterone observed in this present study (17 + 7%) is similar
to the exercise-induced variance observed for plasma
testosterone elsewhere (12 + 9%)*. This has not been observed
for salivary cortisol (25 + 15%), whose variability in plasma to
the RPE+p is moderately lower (12 + 7%)*?, partially accepting
hypothesis ii). The secondary aim sought to assess the
relationship between saliva and blood cortisol and testosterone
responses to the RPErp, albeit in a subsection of previously
measured participants. A correlation between salivary and
plasma testosterone levels was not observed (see Figure 3).
Whilst salivary cortisol and plasma surrogates did correlate, their
lack of change across trials limits the utility in this cortisol
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specific inference. Taken together (cortisol and testosterone
correlations) the data rejects hypothesis (iii).

Previous data demonstrates a correlation between plasma and
salivary testosterone?®2° — however — this is in resting samples
unlike the ‘exercise response’ data from the present study (see
Figures 2 and 3, and Table 1). Similarly, Hough et al. (2011)*?
did not observe a correlation in exercise-induced responses of
plasma and salivary testosterone, although the authors suggest
caution is required when interpreting their data. Specifically,
they'2: (i) missed some post-exercise blood samples; and (ii)
proposed that the correlation between plasma and salivary
testosterone might not have occurred as testosterone elevates to
exercise stress quicker in the blood than saliva. Indeed, it has
been observed elsewhere that despite parallel increases in blood
and saliva testosterone after oral testosterone undecanoate
administration in healthy men, the absorption curves showed a
high interindividual variability in the time at which maximum
concentrations were reached.®!

Furthermore, Fiers et al. (2014)* have observed that salivary
testosterone concentrations were not identical to comparable
serum free testosterone due to testosterone binding with salivary
proteins. In this present study, we speculate that the correlation
may not have been observed due to timing of the testosterone
entering the saliva. Supporting our speculation, we have
observed that post-exercise plasma testosterone correlates only
with the 30 min post-exercise salivary testosterone in T1 (data
not presented). However, it should be noted that salivary
testosterone significantly increased in response to the RPE+p in
all trials, and that the intra-individual variability in the present
study was 17 + 7%. Importantly, this present exercise-induced
variability in salivary testosterone (17 + 7%) is noticeably lower
than the 37% blunted elevation in cycling-induced salivary
testosterone responses after an 11-day period of intensified
training (compared with a mean ~58% elevation pre-training) in
active males suspected to be overreached.® Suggesting the RPETp
may be useful when measuring testosterone responses in the
saliva of healthy male individuals.

A mean increase in salivary cortisol was not present, yet some
participants demonstrated an increase at the individual level (see
Figure 2 and Table 1; although responses are not replicated
across trials at the level of the individual), likely due to exercise
intensity variability between participants. Indeed, positive
correlations between HRmax Observed during the RPEtr and
absolute change values in salivary cortisol were observed (see
Figure 4). Cortisol has been reported to acutely elevate in
response to exercise.’3® Although it has been proposed that
exercise must be at an intensity above 60% VO,,,., for at least

10
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20-30 min to induce an elevation in cortisol levels,®* this is not
always observed.>® As no acute elevation and a between-trial
difference was observed, the RPEtp may not have provided a
sufficient physiological strain to activate an exercise-induced
salivary cortisol response in all participants; as also observed in
its plasma surrogate.!! These data may suggest that the
variability observed in the salivary cortisol sensitivity to exercise
may be driven by exercise intensity. However, no correlation
was present between salivary testosterone and HRmax (See Figure
4) despite a consistent elevation in this hormone in response to
the RPEtp and low inter- (see Figure 2, row D) and intra-
individual (Table 1) variability. The data reinforces the highly-
sensitive nature of salivary testosterone to exercise (certainly in
response to the RPEtp, as observed elsewhere in its plasma
surrogate!!), highlighting its potential utility  within
hypothalamic-pituitary-gonadal dysregulation associated with
NFOR/OTS.

Practical Applications

e Salivary testosterone is sensitive and a reproducible
biomarker to the RPE+p indicating a triggered activation of
the hypothalamic-pituitary-gonadal complex after short-
duration, high-intensity running exercise.

e Salivary cortisol demonstrates a somewhat individualized
yet non-sensitive response to the RPEtp and from the present
and related experimental designs, is currently an unproven
biomarker-related exercise-induced stress responsiveness.

e The RPE+p elicits reproducible physiological and salivary
testosterone hormone responses with greater practical
application/integration than previous methods (e.g. saliva
and not plasma samples); with further proof of concept (i.e.
analysis of the effects of a period of intensified training on
the RPErp-induced responsiveness of salivary testosterone)
it may be a useful potential tool in NFOR/OTS paradigms.

Conclusions

Physiological responses (HR and speed at prescribed RPE) were
shown reproducible across all RPE+p trials within the present
study; within a larger sample than used previously elsewhere.!
Salivary cortisol was not sensitive to the RPEtr (as shown
elsewhere albeit in plasma surrogates!). Despite cortisol
salivary levels correlating with its plasma surrogate as
hypothesised, acute cortisol responses may be influenced by
diurnal variation and an individualised response to RPE+p (likely
exercise intensity driven), rendering it an unreliable biomarker
to highlight exercise responsiveness, within the present design.
The present RPETp data suggests salivary testosterone to be a
more robust marker of a triggered endocrine mobilization during

11
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exercise. Yet, and despite no strong correlation observed in the
exercise-induced salivary and plasma testosterone levels, the
variability between the acute responses of plasma and salivary
testosterone to the RPE+p are relatively similar. Therefore, the
consistent and sensitive exercise responsiveness of salivary
testosterone to the RPE+p suggest: (i) greater utility than cortisol;
(if) a more practically compatible bio-sample than plasma; and
(iii) changes in salivary testosterone were no due to inconsistent
physiological strain. Nevertheless, future work is required to
detail proof of concept regarding the salivary testosterone
sensitivity to the RPEtp in an active population following a
period of intensified training. Such data would demonstrate
quantitively whether RPEtp-induced salivary (and plasma)
testosterone responses and their blunting, are a suitable tool to
highlight the incidence of NFOR/OTS.

Acknowledgements

The authors would like to acknowledge all participants involved
in this study for their hard work and commitment, and the
technical staff at the Sports Sciences laboratories of the
University of Bedfordshire for their continuous support. The
authors have no conflict of interest to report. No external
financial support has been given.

References

1. Koutedakis Y, Metsios GS, A. S-K. Periodization of
Exercise Training in Sport. In: Whyte G, ed. The
Physiology of Training: Advances in Sport and Exercise
Science Series. Philadelphia: Churchill Livingstone,
Elsevier; 2006:1-21.

2. Halson SL, Bridge MW, Meeusen R, et al. Time course
of performance changes and fatigue markers during
intensified training in trained cyclists. J Appl Physiol.
2002;93(3):947-956.
doi:10.1152/japplphysiol.01164.2001

3. Meeusen R, Duclos M, Foster C, et al. Prevention,
diagnosis and treatment of the overtraining syndrome:
Joint consensus statement of the European College of
Sport Science (ECSS) and the American College of
Sports Medicine (ACSM). Eur J Sport Sci.
2013;13(1):1-24. d0i:10.1080/17461391.2012.730061

4. Meeusen R, Duclos M, Foster C, et al. Prevention,
diagnosis and treatment of the overtraining syndrome:
Joint consensus statement of the European College of
Sport Science (ECSS) and the American College of
Sports Medicine (ACSM). Eur J Sport Sci.
2013;13(1):1-24. d0i:10.1080/17461391.2012.730061

12



ST
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626

10.

11.

12.

13.

14.

15.

16.

Kenttd G, Hassmén P, Raglin JS. Training practices and
overtraining syndrome in Swedish age-group athletes.
Int J Sports Med. 2001;22(6):460-465. doi:10.1055/s-
2001-16250

Morgan WP, O’Conner PJ, Sparling PB, Pate RR.
Psychological characterization of the elite female
distance runner. Int J Sports Med. 1987;8(2):124-131.
d0i:10.1055/s-2008-1025717

Lucia A, Diaz B, Hoyos J, et al. Hormone levels of
world class cyclists during the tour of Spain stage race.
Br J Sports Med. 2001;35(6):424-430.
d0i:10.1136/bjsm.35.6.424

Grandys M, Majerczak J, Duda K, Zapart-Bukowska J,
Kulpa J, Zoladz JA. Endurance training of moderate
intensity increases testosterone concentration in young,
healthy men. Int J Sports Med. 2009;30(7):489-495.
doi:10.1055/s-0029-1202340

Hough J, Corney R, Kouris A, Gleeson M. Salivary
cortisol and testosterone responses to high-intensity
cycling before and after an 11-day intensified training
period. J Sports Sci. 2013;31(14):1614-1623.
d0i:10.1080/02640414.2013.792952

Hough J, Robertson C, Gleeson M. Blunting of exercise-
induced salivary testosterone in elite-level triathletes
with a 10-day training camp. Int J Sports Physiol
Perform. 2015;10(7):935-938. doi:10.1123/ijspp.2014-
0360

Leal D V., Taylor L, Hough J. Reproducibility of Acute
Steroid Hormone Responses in Men to Short-Duration
Running. Int J Sports Physiol Perform.
2019;14(10):1430-1437. doi:10.1123/ijspp.2018-1004
Hough JP, Papacosta E, Wraith E, Gleeson M. Plasma
and salivary steroid hormone responses of men to high-
intensity cycling and resistance exercise. J Strength
Cond Res. 2011;25(1):23-31.
doi:10.1519/JSC.0b013e3181fef8e7

de Pauw K, Roelands B, Cheung SS, de Geus B,
Rietjens G, Meeusen R. Guidelines to Classify Subject
Groups in Sport- Science Research Guidelines. Int J
Sports Physiol Perform. 2013;8(2):111-122.
doi:10.1123/ijspp.8.2.111

Smyth JM, Ockenfels MC, Gorin AA, et al. Individual
differences in the diurnal cycle of cortisol.
Psychoneuroendocrinology. 1997;22(2):89-105.
doi:10.1016/S0306-4530(96)00039-X

Kraemer WJ, Loebel CC, Volek JS, et al. The effect of
heavy resistance exercise on the circadian rhythm of
salivary testosterone in men. Eur J Appl Physiol.
2001;84:13-18. doi:10.1007/s004210000322

Debono M, Ghobadi C, Rostami-Hodjegan A, et al.

13



627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Modified-release hydrocortisone to provide circadian
cortisol profiles. J Clin Endocrinol Metab. 2009.
doi:10.1210/jc.2008-2380

Kellmann M, Kallus KW. Recovery-Stress
Questionnaire for Athletes: User Manual. Champaign,
IL: Human Kinetics; 2001.

Sawka MN, Burke LM, Eichner ER, Maughan RJ,
Montain SJ, Stachenfeld NS. American College of
Sports Medicine position statement: Exercise and Fluid
Replacement. Med Sci Sports Exerc. 2007;39(2):377-
390. doi:10.1249/mss.0b013e31802ca597

Bird S, Davidson R. Guidelines for the Physiological
Testing of Athletes. (Bird S, Davidson R, eds.). Leeds:
British Association of Sport and Exercise Science; 1997.
Deighton K, Zahra JC, Stensel DJ. Appetite, energy
intake and resting metabolic responses to 60min
treadmill running performed in a fasted versus a
postprandial state. Appetite. 2012;58(3):946—954.
doi:10.1016/j.appet.2012.02.041

Borg G. Perceived exertion as an indicator of somatic
stress. Scand J Rehabil Med. 1970;2:92-98. doi:S/N
Navazesh M. Methods for Collecting Saliva. Ann N 'Y
Acad Sci. 1993;694(1):72-77. doi:10.1111/j.1749-
6632.1993.tb18343.x

Hopkins WG, Marshall SW, Batterham AM, Hanin J.
Progressive statistics for studies in sports medicine and
exercise science. Med Sci Sports Exerc. 2009;41(1):3.
d0i:10.1249/MSS.0b013e31818ch278

Vincent W, Weir J. Statistics in Kinesiology. 4th ed.
Champaign, IL: Human Kinetics; 2012.

Cohen J. Statistical Power Analysis for the Behavioral
Sciences. 2nd ed. Lawrence Erlbaum Associates; 1988.
do0i:10.1234/12345678

Sale D. Testing strength and power. In: MacDougall J.
D., Wenger HA, Green HJ, eds. Physiological Testing of
the High-Performance Athlete. Champaign, IL: Human
Kinetics; 1991:21-106.

Serbetar I. Establishing Some Measures of Absolute and
Relative Reliability of a Motor Tests. Croat J Educ.
2015;17(1):37-48. d0i:10.15516/cje.v17i0.1484

Fleiss JL. Statistical Methods for Rates and Proportions.
2nd ed. New York: Wiley; 1981.

Khan-Dawood FS, Choe JK, Dawood MY. Salivary and
plasma bound and “free” testosterone in men and
women. Am J Obstet Gynecol. 1984;148(4):442-445.
d0i:10.1016/0002-9378(84)90723-3

Vittek J, L’Hommedieu DG, Gordon GG, Rappaport SC,
Louis Southren A. Direct Radioimmunoassay (RIA) of
salivary testosterone: correlation with free and total
serum testosterone. Life Sci. 1985;97:711-716.

14



677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698

31.

32.

33.

34.

35.

doi:10.1016/0024-3205(85)90540-5

Schurmeyer T, Wickings EJ, Freischem CW, Nieschlag
E. Saliva and serum testosterone following oral
testosterone undecanoate administration in normal and
hypogonadal men. Acta Endocrinol. 1983;102(3):456-
462. doi:10.1530/acta.0.1020456

Fiers T, Delanghe J, T’Sjoen G, Van Caenegem E,
Wierckx K, Kaufman JM. A critical evaluation of
salivary testosterone as a method for the assessment of
serum testosterone. Steroids. 2014;86:5-9.
doi:10.1016/j.steroids.2014.04.013

Adebero T, McKinlay BJ, Theocharidis A, et al. Salivary
and Serum Concentrations of Cortisol and Testosterone
at Rest and in Response to Intense Exercise in Boys
Versus Men. Pediatr Exerc Sci. 2020;32(2):65-72.
Davies C, Few J. Effects of exercise on adrenocortical
function. J Appl Physiol. 1973;35(6):887-891.

Gass GC, McLellan TM, Gass EM. Effects of prolonged
exercise at a similar percentage of maximal oxygen
consumption in trained and untrained subjects. Eur J
Appl Physiol Occup Physiol. 1991;63(6):430-435.

15



699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714

715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748

Figure Captions

Figure 1 Schematic presentation of (A) the experimental trial
day protocol and procedures, (B) the study design, and (C) the
RPETe design; Submax, submaximal treadmill-run test; VO, max,
maximal oxygen uptake test; CTL, control resting trial.

Figure 2 Salivary hormone responses to the RPEtp and CTL
protocols at Pre-Exercise (Pre-CTL), Post-Exercise (Post-CTL)
and 30 min Post-Exercise (30 min Post-CTL): (A) Salivary
cortisol; (B) Salivary testosterone; (C) Individual absolute
changes in salivary cortisol; (D) Individual absolute changes in
salivary testosterone.

#Trial difference (T3 different than T2). *Different than Pre-
exercise values (P < 0.01). **Different than Pre-exercise values
(P < 0.05). iDifferent than Post-exercise values (P < 0.05).
tDifferent than CTL (P < 0.01). & - small effect size for trial; <
- trivial effect size for trial.

Figure 3 Collapsed salivary and plasma cortisol correlation (A),
and salivary and plasma testosterone correlation analysis at pre-
exercise (B), post-exercise (C), and 30 min post-exercise (D).

Figure 4 Correlation analysis between HRmax observed during
RPE+r and collapsed individual absolute changes in salivary
cortisol (top) and salivary testosterone (bottom).

Figure 5 Heart rate and speed responses to the RPE+p on each
separate experimental trial (all P > 0.05).
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749  Table Captions

750

751  Table 1 Average raw data for urine osmolality, the physiological
752 and hormone responses in the CTL, T1, T2 and T3 bouts and
753  reproducibility data (when applicable) data for T1, T2 and T3
754 only.

755
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