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ORIGINAL ARTICLE
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NIKOS D. GELADAS1, MICHALIS G. NIKOLAIDIS2, & VASSILIS PASCHALIS 1

1School of Physical Education and Sport Science, National and Kapodistrian University of Athens, Athens, Greece;
2Department of Physical Education and Sport Science at Serres, Aristotle University of Thessaloniki, Thessaloniki, Greece;
3Dialysis Unit, 424 General Military Hospital of Thessaloniki, Thessaloniki, Greece & 4Sports Excellence, 1st Orthopaedic
Dept, School of Health Sciences, National and Kapodistrian University of Athens, Athens, Greece

Abstract
Purpose: The aim of the present study was to investigate the effect of priming exercise on Wingate performance and fatigue.
Methods: Twelve recreationally active young male volunteers participated in the study (age: 25 ± 5 years; weight: 75.0 ±
7.5 kg; height: 177 ± 6 cm; BMI: 24.0 ± 1.7). During a first visit, participants performed a typical V̇O2max test and a
supramaximal assessment of V̇O2max on a cycle ergometer, while during the next three visits, the participants performed in
a random order a Wingate test (i) with no priming exercise, (ii) after priming exercise followed by a 15-min recovery
(Priming15) and (iii) after priming exercise followed by a 30-min recovery (Priming30). Priming exercise lasted 6 min, at
work rate corresponding to the gas exchange threshold (GET) plus 70% of the difference between the GET and V̇O2max.
Results: The Priming 30 condition exhibited greater peak power output (595 ± 84 W) compared to the control (567 ± 85
W) and the Priming15 condition (569 ± 95 W) (P< .05). Regarding fatigue index, a tendency towards increased resistance
to fatigue was observed in the Priming30 condition compared to the control and the Priming15 conditions (P= .072).
Pre-Wingate lactate levels were found to be significantly different between the Priming15 (7.18 ± 3.09 mmol/L) and the
Priming30 (4.87 ± 2.11 mmol/L) conditions (P< .05). Conclusions: Priming exercise of high intensity followed by a
prolonged recovery leads to increased peak power in a subsequent Wingate test. Moreover, our data are consistent with
the idea that a priming exercise-induced modest increase in blood lactate concentration at the onset of the following
criterion bout is a key factor of performance.

Keywords: Anaerobic performance, blood lactate, fatigue index, plateau V̇O2max, recovery

Highlights
. It is unknown whether high-intensity priming exercise affects performance in a subsequent Wingate exercise test.
. We report that priming exercise increases Wingate cycling peak power output.
. The important parameters that determine the ergogenic effect of priming exercise are: i) the adequate interval (30 min) and

ii) the moderately increased blood lactate concentration (≈4.5 mM).

Introduction

Priming (or prior) exercise has been extensively
investigated as an acute “warm-up” intervention to
study the principal limiting factors to the V̇O2 kin-
etics during exercise (Grassi et al., 1996; Jones,
Koppo, & Burnley, 2003). The vast majority of the
literature has focused on the physiological responses
during a subsequent exercise bout following
priming exercise (i.e. faster overall V̇O2 kinetics)

and the contribution of diverse potential underlying
mechanisms, such as enhanced muscle oxygen
supply due to greater muscle vasodilatation, intra-
muscular enzyme kinetics, relief of muscle oxidative
metabolic inertia and alterations in motor unit
recruitment (Behnke, Kindig, Musch, Sexton, &
Poole, 2002; Burnley, Doust, Ball, & Jones, 2002;
Jones, Berger, Wilkerson, & Roberts, 2006; Jones
et al., 2008; Krustrup, Gonzalez-Alonso, Quistorff,
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& Bangsbo, 2001; Lanzi, Borrani, Wolf, Gojanovic,
& Malatesta, 2012). Beyond its usefulness as an
experimental tool to study the mechanistic barriers
of oxidative metabolism, priming exercise is also
increasingly considered as a practice to enhance per-
formance (Hajoglou et al., 2005). In fact, some
studies have demonstrated that priming exercise
increases exercise tolerance and improves perform-
ance possibly via increased aerobic (oxidative) contri-
bution to energy turnover at the early stages of
exercise coupled with a delay in the attainment of
V̇O2peak, reducing thereby the magnitude of the
muscle oxygen deficit (Burnley, Davison, & Baker,
2011; Burnley, Doust, & Jones, 2005; Gerbino,
Ward, & Whipp, 1996; Jones, Wilkerson, Burnley,
& Koppo, 2003; Miura et al., 2009; Palmer, Jones,
Kennedy, & Cotter, 2009; Raymer, Forbes, Kowal-
chuk, Thompson, & Marsh, 2007; Silva et al.,
2014). However, these findings are not indisputable,
since some studies have also reported negative or
neutral effects of priming exercise on exercise toler-
ance and on parameters of the muscular power-dur-
ation relationship (Ferguson et al., 2010, 2007;
Heubert et al., 2005; Koppo & Bouckaert, 2002).
These contradictory findings can be potentially

attributed to several methodological factors. In particu-
lar, characteristics related to priming exercise, such as
intensity (moderate, high or severe), duration (from a
single 30-s sprint up to 10 min) and mode (cycling or
running) as well as the duration of the recovery period
between the priming and the actual exercise test
(from 2 up to 45 min) are key factors for the ergogenic
potential of priming. Research during the last twenty
years has revealed that using a power output equal to
gas exchange threshold (GET) plus 70% of the differ-
ence (Δ) between GET and V̇O2max (typically termed
“70%Δ”) for 6 min, combined with an extended recov-
ery period (i.e. more than 15 min) seems to be themost
appropriate protocol to induce a priming effect (Bailey,
Vanhatalo, Wilkerson, Dimenna, & Jones, 2009; Fer-
guson et al., 2007;Vanhatalo& Jones, 2009;Wilkerson,
Koppo, Barstow, & Jones, 2004). Interestingly, it has
been noted that such a high or severe intensity
priming exercise protocol, which initially increases
blood lactate concentration with a subsequent
reduction due to recovery to 2–3 mmol/L at the onset
of the following exercise bout, leads to increased time
to exhaustion (Jones, Koppo, et al., 2003; Koppo &
Bouckaert, 2002; Palmer et al., 2009; Wilkerson
et al., 2004).
Despite the fact that many priming exercise studies

have used the upright cycle ergometry as an exper-
imental model, to the best of our knowledge, none
of them has evaluated the effect of priming exercise
on Wingate peak and mean power outputs
(Bearden & Moffatt, 2001; Burnley et al., 2002;

Burnley, Jones, Carter, & Doust, 2000; Endo et al.,
2004; Gerbino et al., 1996; Koppo & Bouckaert,
2001; Scheuermann, Hoelting, Noble, & Barstow,
2001). In addition, it is currently unknown whether
priming exercise can also affect indices of muscle
fatigue in a subsequent test. Thus, the aim of the
present study was to investigate the effect of a 6-
min 70%Δ priming exercise followed by either 15-
or 30-min recovery on Wingate performance and
fatigue. The two different recovery periods were
chosen according to the existing literature, which
suggests that recovery has to be extended (i.e.
>15 min), while the priming and performance enhan-
cing effects are preserved for at least 30–45 min
(Bailey et al., 2009; Burnley, Doust, & Jones,
2006). It was hypothesised that prior exercise will
improve peak performance and resistance to fatigue
in a following all out supra maximum effort.

Methods

Participants

Twelve (N= 12) recreationally active youngmale vol-
unteers participated in the study (age: 25 ± 5 years;
weight: 75.0 ± 7.5 kg; height: 177 ± 6 cm; BMI:
24.0 ± 1.7). Study was limited to males in order to
avoid any interference from the hormonal fluctu-
ations during the menstrual cycle. Subjects were
excluded from the study if they reported any muscu-
loskeletal injury that would limit their ability to
perform the exercise cycling sessions. Participants
were asked to recall whether they had participated
in regular resistance or aerobic training or in unac-
customed and/or heavy exercise during the week
before the study entry. Individuals reporting such
activities were precluded from the study. Smoking,
coffee drinking and the use of supplements for the
final five days prior to initiation of the study were
additional exclusion criteria. Participants were
instructed to abstain from any strenuous exercise
during the study and were advised to refrain from
ingesting anti-inflammatory or analgesic medi-
cations. A written consent was obtained from all par-
ticipants, after they were informed of the procedures
and risks of the study. The procedures were in
accordance with the Helsinki declaration. The
overall project was reviewed and approved by the
institutional review board and the appropriate state
authority (#1113/10-04-2019).

Study design

The participants visited the laboratory on four differ-
ent occasions. During the first visit, anthropometric
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and physiological measurements were performed
and, afterwards, participants performed a typical
V̇O2max test and a supramaximal assessment of
V̇O2max on a cycle ergometer (Monark 827E,
Vansbro, Sweden) according to Poole and Jones
(2017). During the next three visits (with an interval
of one week between each visit), the participants per-
formed in a random order (i) a Wingate test with no
priming exercise (control group), (ii) a Wingate test
after priming exercise followed by a 15-min recovery
(Priming15) and (iii) a Wingate test after priming
exercise followed by a 30-min recovery (Priming30)
(three-way crossover design). Absolute and relative
(body mass-adjusted) peak and mean power
outputs were measured during the Wingate test.
Blood lactate measurements were performed at base-
line, immediately post-priming exercise, before the
Wingate test and 3 min after the Wingate test.
Blood lactate was measured in capillary blood
samples taken from a finger-prick using an automated
analyser (Dr. Lange, LP20, Germany). The percent
difference (i.e. decrease) of power between the first
5 sec and the last 5 sec during the Wingate test was
used as fatigue index.

Exercise protocols

All exercise protocols were performed on cycle erg-
ometers (Monark, Vansbro, Sweden).

Maximal rate of oxygen uptake. The V̇O2max test was
performed as follows: after a 5-min warm-up period
at 100 W, work rate increased by 50 W every
2.5 min until heart rate reached 160 bpm. Then,
work rate increased by 25 W every 2.5 min until
exhaustion. The test was terminated either when a
subject volitionally reached exhaustion or when the
following three criteria were met: (i) a lower than
2 mL/kg/min increase in V̇O2 despite an increase in
work rate, (ii) a respiratory exchange ratio greater
than or equal to 1.10, (iii) heart rate within 10 bpm
of the predicted maximal heart rate (220–age). Res-
piratory gas variables were measured via a metabolic
cart (MedGraphics, CPX-D, Minnesota, USA),
which was calibrated before each test using standard
gases of known concentration. Fifteen min after the
end of the first test, participants performed a constant
work rate test at 110% of the peak work rate achieved
on the incremental test by each participant individu-
ally. Despite the skepticism about the accuracy of this
method to confirm the “true” V̇O2max (Murias,
Pogliaghi, & Paterson, 2018), it was used as an indir-
ect index that a plateau was achieved during the
incremental test to exhaustion. Indeed, the plateau
was achieved during each test individually and was

verified by the absence of changes in V̇O2 higher
than 2.1 mL/kg/min during the last minute of each
stage (Taylor, Buskirk, & Henschel, 1955). This
approach has been recently described in detail by
Poole & Jones (2017) to resolve the classic
V̇O2-work rate plateau and has already been success-
fully conducted by different populations (Astorino,
White, & Dalleck, 2009; Nolan, Beaven, & Dalleck,
2014; Sawyer, Tucker, Bhammar, & Gaesser, 2015;
Weatherwax, Richardson, Beltz, Nolan, & Dalleck,
2016).

Priming exercise. The GET was determined as
described in Beaver, Wasserman, and Whipp
(1986) and in Bailey et al. (2009) based on three cri-
teria: (i) the first disproportionate increase in rate of
CO2 production (V̇CO2) from visual inspection of
individual plots of VCO2 versus V̇O2, (ii) an increase
in expired ventilation (VE)/V̇O2 with no increase in
V̇E/V̇CO2, (iii) the increase in end-tidal PO2 with
no fall in end-tidal PCO2. The work rate that would
require 70%Δ (i.e. GET plus 70% of the difference
between the work rate at the GET and V̇O2max) was
subsequently calculated.

Wingate. The Wingate test was briefly as follows: par-
ticipants were pedaling with no brake on flywheel as
fast as they could and, within three seconds, a load
equal to 7.5% of their body weight was dropped
instantly on the flywheel and the participants had to
maintain maximal pedaling for 30 sec. The peak
power and the mean power outputs along with their
relative values produced during the Wingate test
were used as performance measures.

Statistical analysis

A Student’s t-test for paired samples was performed
to compare the oxygen consumption values between
the V̇O2max test and the constant work rate test at
110% of the peak work rate achieved on the V̇O2max

test for the evaluation of plateau achievement. A
one-way repeated-measures ANOVA test was per-
formed to compare performance and fatigue in the
Wingate test between the three experimental con-
ditions (i.e. control, Priming15 and Priming30). A
two-way ANOVA test [condition (control,
Priming15 and Priming30) × time (baseline, post-
priming, pre-Wingate and post-Wingate)] was used
to compare the lactate values between the three
experimental conditions. When a significant inter-
action was obtained, pairwise comparisons were per-
formed through the Sidak test. When sphericity was
violated, the Greenhouse-Geisser correction was
applied. The statistical power analysis was equal to

Priming exercise increases Wingate cycling peak power output 3



0.96 and it was calculated using G∗Power 3 (Faul,
Erdfelder, Lang, & Buchner, 2007). Data are pre-
sented as mean ± standard deviation (SD) and the
level of significance was set at p= 0.05. The SPSS
version 21.0 was used for all analyses (SPSS Inc.,
Chicago, IL).

Results

No difference in peak rate of oxygen consumption
was observed between the incremental and the con-
stant work rate test (p < 0.05). A significant differ-
ence between conditions was revealed by the one-
way repeated-measures ANOVA for the peak power
and the relative values of peak power in the Wingate
test (P= 0.009 and P= 0.004, respectively) (Figure
1). In particular, the Priming30 condition exhibited
greater values (595 ± 84 W and 7.91 ± 0.74 W/kg)
compared to the control (567 ± 85 W and 7.54 ±
0.79 W/kg) and the Priming15 condition (569 ± 95
W and 7.47 ± 0.78 W/kg). No difference was found
between the control and the Priming15 condition in
peak power. As regards to the mean power output
in the Wingate test, the one-way repeated-measures
ANOVA revealed a significant difference between
conditions both for the mean power (P= 0.041) and
for the relative values of the mean power (P=

0.018). However, the post-hoc analysis showed that
no significant differences existed between the three
experimental conditions (Figure 1). As regards to
the fatigue index, the statistical analysis revealed a
tendency towards lower values (i.e. improved resist-
ance to fatigue) in the Priming30 condition (41.2 ±
9.1) compared to the control (47.3 ± 10.5; improved
resistance to fatigue by 13%) and the Priming15
(47.7 ± 9.7; improved resistance to fatigue by 14%)
conditions (P = 0.072) (Figure 2).

Figure 1. Peak power and the relative values (upper panels) as well as mean power and the relative values (lower panels) in the Wingate test
under the three experimental conditions. Red lines indicate the mean value for each condition. (∗) indicates significant difference between the
Priming30 condition and the control and Priming15 conditions.

Figure 2. Fatigue index (i.e. percent power output decrease
between the first 5 sec and the last 5 sec during the Wingate test)
in the three experimental conditions. Red lines indicate the mean
value for each condition.

4 C. K. Ktenidis et al.



The two-way ANOVA revealed a significant con-
dition × time interaction for blood lactate (P<
0.001) (Figure 3). In particular, lactate levels were
increased compared to baseline in the Priming15
and Priming30 conditions and remained elevated
during the whole intervention (i.e. pre- and post-
Wingate). In the control condition, the lactate levels
increased compared to baseline as expected only
post-Wingate. At the pre-Wingate time point a sig-
nificant difference was found between the
Priming15 (7.18 ± 3.09 mmol/L) and the Priming30
(4.87 ± 2.11 mmol/L) conditions (Figure 3).

Discussion

Oxygen uptake kinetics is regarded a key factor deter-
mining performance during severe-intensity exercise
(Jones & Burnley, 2009). Thus, speeding the overall
V̇O2 kinetics by training manipulations emerged as
a means to increase performance. On this notion,
priming exercise, which is known to accelerate the
overall kinetics of V̇O2 during a second bout of exer-
cise, can exert a major ergogenic effect at work rates
in the severe-intensity domain. In general, V̇O2 kin-
etics after priming exercise are characterised by a
reduction of the amplitude of the V̇O2 slow com-
ponent (Gerbino et al., 1996) and an increase of the
amplitude of the primary V̇O2 response during
heavy- and severe-intensity exercise (Burnley et al.,
2000).
The mechanistic basis of the above-mentioned

improvements on V̇O2 kinetics after priming exercise
remains a topic of debate (e.g. muscle oxygen supply,

intramuscular enzyme kinetics, relief of muscle oxi-
dative metabolic inertia and alterations in motor
unit recruitment) (do Nascimento Salvador, Souza,
De Lucas, Guglielmo, & Denadai, 2018; Jones,
Koppo, et al., 2003; Mattioni Maturana, Peyrard,
Temesi, Millet, & Murias, 2018). As regards to
ATP turnover during subsequent high-intensity exer-
cise, previous work has demonstrated that priming
exercise has the potential to increase oxidative contri-
bution (especially at the initial phase) and to reduce
reliance on the finite anaerobic substrate metabolism
(expressed as lower decrement in PCr concentration)
(Bangsbo, Krustrup, Gonzalez-Alonso, & Saltin,
2001; Krustrup et al., 2001; Rossiter et al., 2001).
Moreover, a reduced dependence on anaerobic
metabolism is also indicate by the reduced changes
in blood lactate concentration at primed compared
to unprimed conditions (Bailey, Vanhatalo, Black,
DiMenna, & Jones, 2016; Bailey et al., 2009;
DiMenna, Wilkerson, Burnley, Bailey, & Jones,
2010; Jones et al., 2008). This phenomenon leads
to sparing of the anaerobic reserve, reduction in the
oxygen deficit and is therefore thought to result in
improved exercise performance. Although this idea
could explain our data, in the context of the present
study, we focused particularly on the effect of
priming exercise on performance rather than on the
underlying mechanisms. However, possible mechan-
isms explaining our findings could be changes in hor-
mones (i.e. epinephrine and glucagon) (Wasserman,
1995; Weise et al., 2004) and changes in post-acti-
vation potentiation (PAP) (Sale, 2004). On the
other hand, we believe that muscle temperature
could not have affected the results, since performance

Figure 3. Blood lactate concentration under the three experimental conditions. (∗) indicates significant difference compared to baseline in the
Priming15 and Priming30 conditions, while at post-Wingate time point indicates significant difference between all conditions compared to
baseline; (#) indicates significant difference between groups.
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was greater in the Priming30 condition (Febbraio,
Carey, Snow, Stathis, & Hargreaves, 1996).
To the best of our knowledge, this is the first study

that aimed to investigate the effect of priming exercise
on Wingate performance. According to our data, we
report that a 6-min priming exercise bout at 70%Δ
(i.e. GET plus 70% of the difference between the
work rate at the GET and V̇O2max) followed by a
30 min recovery increases absolute and relative peak
power, but not mean power during a subsequent
Wingate test. Moreover, no effect was observed in
peak and mean power outputs in the Wingate test
when the same priming exercise protocol was fol-
lowed by a shorter recovery period of 15 min. The
increased performance in the Priming30 condition
was also accompanied by a tendency towards
increased resistance to fatigue when compared both
to the control and the Priming15 conditions.
Finally, our blood lactate data verify the idea that a
heavy- or severe-intensity priming exercise protocol
(like the 70%Δ implemented herein) becomes ergo-
genic when it is followed by a recovery period that
leads to slightly increased lactate values (4.87 ±
2.11 mmol/L herein) at the onset of the subsequent
main exercise performance test or time trial
(Wingate test herein) (Jones, Wilkerson, et al.,
2003; Palmer et al., 2009).
The Wingate test has been extensively used for

anaerobic power assessment in power sports in
which the ability to develop maximal anaerobic
capacity and explosive bursts of activity lasting from
a few seconds to 1–2 min is essential for success
(Zajac, Jarzabek, & Waskiewicz, 1999) [e.g. Ameri-
can football (Hoffman et al., 2005), tennis (Kovacs,
Pritchett, Wickwire, Green, & Bishop, 2007), track
and field (Meckel, Atterbom, Grodjinovsky, Ben-
Sira, & Rotstein, 1995), and ice-hockey (Hofman,
Orie, Hoozemans, Foster, & de Koning, 2017)].
Indeed, during the Wingate test, 28% of the energy
relies on ATP-PC pathway, 56% on the glycolytic
pathway, and the rest 16% of the energy relies on
the aerobic pathway (Smith & Hill, 1991), while,
comparable energy contribution was found in a
1500 m cycling simulation study (Foster et al.,
2003) and during 800 m running (Spencer &
Gastin, 2001). Based on the present data, it could
be suggested that after a well-designed priming exer-
cise protocol, an athlete may have an advantage at the
start of an event and may preserve this advantage
until the end of it (Hofman et al., 2017; Maciejewski
et al., 2016).
Our findings are in line with previous studies which

demonstrated that short recovery periods (i.e. from 2
up to 15 min) may not be adequate to experience the
ergogenic effects of priming exercise, as indicated by
the lack of difference between the control and the

Priming15 conditions (Ferguson et al., 2007;
Heubert et al., 2005; Koppo & Bouckaert, 2002).
Noteworthy, the individual data from Figure 1
demonstrate that, although no mean difference was
found, almost half of the participants exhibited an
impaired performance in peak and mean power
outputs under the Priming15 condition compared
to the control. In the same vein, the improved peak
power output in the Priming30 condition is in agree-
ment with previous reports that highlighted the
necessity for longer recovery periods (>15 min)
(Bailey et al., 2009; Vanhatalo & Jones, 2009). Con-
sidering that in the case of Priming30 only one or two
participants exhibited impaired performance in each
measured variable (Figure 1) we conclude that the
use of 70%Δ proved to be an appropriate intensity
to induce a “primed” state to the participants.
However, it is likely that this intensity (i.e.
≈9 mmol/l) might prove to be too severe for the par-
ticipants showed performance deterioration (Black
et al., 2017; Burnley et al., 2011).
Previous studies have shown that when priming exer-

cise results in a blood lactate increase higher than
6 mmol/L at the onset of the second bout, neutral or
even negative effects may be seen (Burnley et al.,
2005; Ferguson et al., 2010, 2007;Koppo&Bouckaert,
2002; Wilkerson et al., 2004). On the other hand, a
modest increase in lactate levels (i.e. ≈3 mmol/L)
after priming exercise and just before the criterion
bout seems to be beneficial for enhancing performance
(Bailey et al., 2009; Jones, Wilkerson, et al., 2003;
Palmer et al., 2009). Our data on blood lactate,
although slightly higher compared to the abovemen-
tioned values (i.e. 4.87 ± 2.11 mmol/L), yielded posi-
tive effects in the subsequent Wingate test in terms of
peak power and the relevant values in the Priming30
condition. Although this phenomenon (i.e. enhanced
performance with modestly increased initial lactate
levels) seems paradoxical, a possible indirect mechan-
ism has already been proposed. In particular, the pres-
ence of lactate in a fatigued muscle preparation
improved muscle function via restoration of Na+-K+

pumping (Nielsen, de Paoli, & Overgaard, 2001),
while acidosis accompaniedby lactic acid accumulation
does not seem to have a causal relationshipwith skeletal
muscle fatigue (Westerblad, Allen, & Lannergren,
2002). Moreover, the multifaceted role of lactate in
muscle energetics (e.g. direct energy fuel and cell sig-
nalling) is increasingly acknowledged and can possibly
explain this case (Brooks, 2018).

Practical applications/limitations

The assessment of anaerobic power using the Wingate
test could be used by coaches and athletes to monitor
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progress and to design effective anaerobic training pro-
grammes for enhancing performance, given the fact that
reference values have been developed for power and
fatigue for athletes participating in sports of anaerobic
nature (Coppin, Heath, Bressel, & Wagner, 2012;
Zupan et al., 2009). While these results are promising,
one caveat is that the priming strategy we employed
would not be feasible in all sporting activities; for
example, there might be an insufficient “window” for
its application during sports characterised by repeated
efforts that are spread out over an extended period of
time. In this regard, dissipation of the ergogenic effect
of priming is an important topic for future research.
Moreover, when pulmonary V̇O2 is used as a proxy
for muscle O2 consumption, a temporal adjustment
must be made to account for the fact that what is
measured at the lung will occur later than what
happens at the muscle. This is because of (1) the
transit delay from lung to muscle; and (2) the finite
nature of V̇O2 kinetics (Whipp, Davis, Torres, &Was-
serman, 1981). Unfortunately, we did not make this
adjustment. However, based on the findings of the
present investigation, a properly designed priming exer-
cise protocol in terms of intensity, duration, mode and
recoverymay become a useful tool in events lasting≈30
s since an athlete may achieve higher peak power which
in turn will not lead to greater fatigue at the end of the
effort. Accordingly, it could be suggested that after a
well-designed priming exercise protocol, an athlete
may have an advantage at the start of an acute short dur-
ation/high intensity event and may preserve this advan-
tage until the end of it.

Conclusion

The data presented in this study indicate that priming
exercise of heavy to severe intensity followed by a pro-
longed recovery period leads to increased peak power,
but notmean power, in a subsequentWingate test per-
formed on a cycle ergometer. Moreover, our data are
consistent with the idea that a priming exercise-
induced modest increase in blood lactate concen-
tration at the onset of the following criterion bout is
a key factor of performance.We suggest that a properly
designed priming exercise protocol in terms of inten-
sity, duration, mode and recovery may become a
useful acute intervention for enhancing performance
in events of short duration and very high intensity.

Acknowledgements

The results of the current study do not constitute
endorsement of the product by the authors or the
journal.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Vassilis Paschalis http://orcid.org/0000-0002-9469-
0457

References

Astorino, T. A., White, A. C., & Dalleck, L. C. (2009).
Supramaximal testing to confirm attainment of VO2max in
sedentary men and women. International Journal of Sports
Medicine, 30(4), 279–284. doi:10.1055/s-0028-1104588

Bailey, S. J., Vanhatalo, A., Black, M. I., DiMenna, F. J., & Jones,
A. M. (2016). Effects of priming and pacing strategy on oxygen-
uptake kinetics and cycling performance. International Journal of
Sports Physiology and Performance, 11(4), 440–447. doi:10.1123/
ijspp.2015-0292

Bailey, S. J., Vanhatalo, A., Wilkerson, D. P., Dimenna, F. J., &
Jones, A. M. (2009). Optimizing the “priming” effect:
Influence of prior exercise intensity and recovery duration on
O2 uptake kinetics and severe-intensity exercise tolerance.
Journal of Applied Physiology, 107(6), 1743–1756. doi:10.1152/
japplphysiol.00810.2009

Bangsbo, J., Krustrup, P., Gonzalez-Alonso, J., & Saltin, B.
(2001). ATP production and efficiency of human skeletal
muscle during intense exercise: Effect of previous exercise.
American Journal of Physiology-Endocrinology and Metabolism,
280(6), E956–E964. doi:10.1152/ajpendo.2001.280.6.E956

Bearden, S. E., &Moffatt, R. J. (2001). VO2 and heart rate kinetics
in cycling: Transitions from an elevated baseline. Journal of
Applied Physiology, 90(6), 2081–2087. doi:10.1152/jappl.2001.
90.6.2081

Beaver, W. L., Wasserman, K., & Whipp, B. J. (1986). A new
method for detecting anaerobic threshold by gas exchange.
Journal of Applied Physiology, 60(6), 2020–2027. doi:10.1152/
jappl.1986.60.6.2020

Behnke, B. J., Kindig, C. A., Musch, T. I., Sexton,W. L., & Poole,
D. C. (2002). Effects of prior contractions on muscle microvas-
cular oxygen pressure at onset of subsequent contractions. The
Journal of Physiology, 539(Pt 3), 927–934. doi:10.1113/jphysiol.
2001.013165

Black, M. I., Jones, A. M., Blackwell, J. R., Bailey, S. J., Wylie, L.
J., McDonagh, S. T.,…Vanhatalo, A. (2017). Muscle meta-
bolic and neuromuscular determinants of fatigue during
cycling in different exercise intensity domains. Journal of
Applied Physiology, 122(3), 446–459. doi:10.1152/japplphysiol.
00942.2016

Brooks, G. A. (2018). The science and translation of lactate shuttle
theory. Cell Metabolism, 27(4), 757–785. doi:10.1016/j.cmet.
2018.03.008

Burnley, M., Davison, G., & Baker, J. R. (2011). Effects of priming
exercise on VO2 kinetics and the power-duration relationship.
Medicine & Science in Sports & Exercise, 43(11), 2171–2179.
doi:10.1249/MSS.0b013e31821ff26d

Burnley, M., Doust, J. H., Ball, D., & Jones, A. M. (2002). Effects
of prior heavy exercise on VO2 kinetics during heavy exercise are
related to changes in muscle activity. Journal of Applied
Physiology, 93(1), 167–174. doi:10.1152/japplphysiol.01217.
2001

Burnley, M., Doust, J. H., & Jones, A. M. (2005). Effects of prior
warm-up regime on severe-intensity cycling performance.

Priming exercise increases Wingate cycling peak power output 7

http://orcid.org/0000-0002-9469-0457
http://orcid.org/0000-0002-9469-0457
https://doi.org/10.1055/s-0028-1104588
https://doi.org/10.1123/ijspp.2015-0292
https://doi.org/10.1123/ijspp.2015-0292
https://doi.org/10.1152/japplphysiol.00810.2009
https://doi.org/10.1152/japplphysiol.00810.2009
https://doi.org/10.1152/ajpendo.2001.280.6.E956
https://doi.org/10.1152/jappl.2001.90.6.2081
https://doi.org/10.1152/jappl.2001.90.6.2081
https://doi.org/10.1152/jappl.1986.60.6.2020
https://doi.org/10.1152/jappl.1986.60.6.2020
https://doi.org/10.1113/jphysiol.2001.013165
https://doi.org/10.1113/jphysiol.2001.013165
https://doi.org/10.1152/japplphysiol.00942.2016
https://doi.org/10.1152/japplphysiol.00942.2016
https://doi.org/10.1016/j.cmet.2018.03.008
https://doi.org/10.1016/j.cmet.2018.03.008
https://doi.org/10.1249/MSS.0b013e31821ff26d
https://doi.org/10.1152/japplphysiol.01217.2001
https://doi.org/10.1152/japplphysiol.01217.2001


Medicine & Science in Sports & Exercise, 37(5), 838–845.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/
15870639

Burnley, M., Doust, J. H., & Jones, A. M. (2006). Time required
for the restoration of normal heavy exercise VO2 kinetics follow-
ing prior heavy exercise. Journal of Applied Physiology, 101(5),
1320–1327. doi:10.1152/japplphysiol.00475.2006

Burnley, M., Jones, A. M., Carter, H., & Doust, J. H. (2000).
Effects of prior heavy exercise on phase II pulmonary oxygen
uptake kinetics during heavy exercise. Journal of Applied
Physiology, 89(4), 1387–1396. doi:10.1152/jappl.2000.89.4.
1387

Coppin, E., Heath, E. M., Bressel, E., & Wagner, D. R. (2012).
Wingate anaerobic test reference values for male power athletes.
International Journal of Sports Physiology and Performance, 7(3),
232–236. doi:10.1123/ijspp.7.3.232

DiMenna, F. J., Wilkerson, D. P., Burnley, M., Bailey, S. J., &
Jones, A. M. (2010). Priming exercise speeds pulmonary O2

uptake kinetics during supine “work-to-work” high-intensity
cycle exercise. Journal of Applied Physiology, 108(2), 283–292.
doi:10.1152/japplphysiol.01047.2009

do Nascimento Salvador, P. C., Souza, K. M., De Lucas, R. D.,
Guglielmo, L. G. A., & Denadai, B. S. (2018). The effects of
priming exercise on the VO2 slow component and the time-
course of muscle fatigue during very-heavy-intensity exercise
in humans. Applied Physiology, Nutrition, and Metabolism, 43
(9), 909–919. doi:10.1139/apnm-2017-0769

Endo, M., Usui, S., Fukuoka, Y., Miura, A., Rossiter, H. B., &
Fukuba, Y. (2004). Effects of priming exercise intensity on
the dynamic linearity of the pulmonary VO2 response during
heavy exercise. European Journal of Applied Physiology, 91(5-6),
545–554. doi:10.1007/s00421-003-1005-1

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007).
G∗Power 3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175–191. doi:10.3758/bf03193146

Febbraio, M. A., Carey, M. F., Snow, R. J., Stathis, C. G., &
Hargreaves, M. (1996). Influence of elevated muscle tempera-
ture on metabolism during intense, dynamic exercise.
American Journal of Physiology, 271(5 Pt 2), R1251–R1255.
doi:10.1152/ajpregu.1996.271.5.R1251

Ferguson, C., Rossiter, H. B., Whipp, B. J., Cathcart, A. J.,
Murgatroyd, S. R., & Ward, S. A. (2010). Effect of recovery
duration from prior exhaustive exercise on the parameters of
the power-duration relationship. Journal of Applied Physiology,
108(4), 866–874. doi:10.1152/japplphysiol.91425.2008

Ferguson, C., Whipp, B. J., Cathcart, A. J., Rossiter, H. B.,
Turner, A. P., & Ward, S. A. (2007). Effects of prior very-
heavy intensity exercise on indices of aerobic function and
high-intensity exercise tolerance. Journal of Applied Physiology,
103(3), 812–822. doi:10.1152/japplphysiol.01410.2006

Foster, C., De Koning, J. J., Hettinga, F., Lampen, J., La Clair, K.
L., Dodge, C.,… Porcari, J. P. (2003). Pattern of energy expen-
diture during simulated competition. Medicine & Science in
Sports & Exercise, 35(5), 826–831. doi:10.1249/01.MSS.
0000065001.17658.68

Gerbino, A., Ward, S. A., & Whipp, B. J. (1996). Effects of prior
exercise on pulmonary gas-exchange kinetics during high-inten-
sity exercise in humans. Journal of Applied Physiology, 80(1), 99–
107. doi:10.1152/jappl.1996.80.1.99

Grassi, B., Poole, D. C., Richardson, R. S., Knight, D. R.,
Erickson, B. K., & Wagner, P. D. (1996). Muscle O2 uptake
kinetics in humans: Implications for metabolic control.
Journal of Applied Physiology, 80(3), 988–998. doi:10.1152/
jappl.1996.80.3.988

Hajoglou, A., Foster, C., De Koning, J. J., Lucia, A., Kernozek, T.
W., & Porcari, J. P. (2005). Effect of warm-up on cycle time trial

performance. Medicine & Science in Sports & Exercise, 37(9),
1608–1614. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/16177615.

Heubert, R. A., Billat, V. L., Chassaing, P., Bocquet, V., Morton,
R. H., Koralsztein, J. P., & di Prampero, P. E. (2005). Effect of a
previous sprint on the parameters of the work-time to exhaus-
tion relationship in high intensity cycling. International Journal
of Sports Medicine, 26(7), 583–592. doi:10.1055/s-2004-830335

Hoffman, J. R., Im, J., Kang, J., Ratamess, N. A., Nioka, S.,
Rundell, K. W.,…Chance, B. (2005). The effect of a competi-
tive collegiate football season on power performance andmuscle
oxygen recovery kinetics. Journal of Strength and Conditioning
Research, 19(3), 509–513. doi:10.1519/15454.1

Hofman, N., Orie, J., Hoozemans, M. J. M., Foster, C., & de
Koning, J. J. (2017). Wingate test as a strong predictor of
1500-m performance in elite speed skaters. International
Journal of Sports Physiology and Performance, 12(10), 1288–
1292. doi:10.1123/ijspp.2016-0427

Jones, A. M., Berger, N. J., Wilkerson, D. P., & Roberts, C. L.
(2006). Effects of “priming” exercise on pulmonary O2 uptake
and muscle deoxygenation kinetics during heavy-intensity
cycle exercise in the supine and upright positions.Journal of
Applied Physiology, 101(5), 1432–1441. doi:10.1152/
japplphysiol.00436.2006

Jones, A. M., & Burnley, M. (2009). Oxygen uptake kinetics: An
underappreciated determinant of exercise performance.
International Journal of Sports Physiology and Performance, 4(4),
524–532. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/20029103.

Jones, A. M., DiMenna, F., Lothian, F., Taylor, E., Garland, S.
W., Hayes, P. R., & Thompson, K. G. (2008). ‘Priming’ exer-
cise and O2 uptake kinetics during treadmill running.
Respiratory Physiology & Neurobiology, 161(2), 182–188.
doi:10.1016/j.resp.2008.02.001

Jones, A. M., Koppo, K., & Burnley, M. (2003). Effects of prior
exercise on metabolic and gas exchange responses to exercise.
Sports Medicine, 33(13), 949–971. doi:10.2165/00007256-
200333130-00002

Jones, A. M., Wilkerson, D. P., Burnley, M., & Koppo, K. (2003).
Prior heavy exercise enhances performance during subsequent
perimaximal exercise. Medicine & Science in Sports & Exercise,
35(12), 2085–2092. doi:10.1249/01.MSS.0000099108.55944.
C4

Koppo, K., & Bouckaert, J. (2001). The effect of prior high-inten-
sity cycling exercise on the VO2 kinetics during high-intensity
cycling exercise is situated at the additional slow component.
International Journal of Sports Medicine, 22(1), 21–26. doi:10.
1055/s-2001-11335

Koppo, K., & Bouckaert, J. (2002). The decrease in VO2 slow
component induced by prior exercise does not affect the time
to exhaustion. International Journal of Sports Medicine, 23(4),
262–267. doi:10.1055/s-2002-29080

Kovacs, M. S., Pritchett, R., Wickwire, P. J., Green, J. M., &
Bishop, P. (2007). Physical performance changes after unsu-
pervised training during the autumn/spring semester break in
competitive tennis players. British Journal of Sports Medicine,
41(11), 705-710; discussion 710. doi:10.1136/bjsm.2007.
035436

Krustrup, P., Gonzalez-Alonso, J., Quistorff, B., & Bangsbo, J.
(2001). Muscle heat production and anaerobic energy turnover
during repeated intense dynamic exercise in humans. The
Journal of Physiology, 536(Pt 3), 947–956. doi:10.1111/j.1469-
7793.2001.00947.x

Lanzi, S., Borrani, F., Wolf, M., Gojanovic, B., & Malatesta, D.
(2012). Effects of prior short multiple-sprint exercises with
different intersprint recoveries on the slow component of
oxygen uptake during high-intensity exercise. Applied

8 C. K. Ktenidis et al.

https://www.ncbi.nlm.nih.gov/pubmed/15870639
https://www.ncbi.nlm.nih.gov/pubmed/15870639
https://doi.org/10.1152/japplphysiol.00475.2006
https://doi.org/10.1152/jappl.2000.89.4.1387
https://doi.org/10.1152/jappl.2000.89.4.1387
https://doi.org/10.1123/ijspp.7.3.232
https://doi.org/10.1152/japplphysiol.01047.2009
https://doi.org/10.1139/apnm-2017-0769
https://doi.org/10.1007/s00421-003-1005-1
https://doi.org/10.3758/bf03193146
https://doi.org/10.1152/ajpregu.1996.271.5.R1251
https://doi.org/10.1152/japplphysiol.91425.2008
https://doi.org/10.1152/japplphysiol.01410.2006
https://doi.org/10.1249/01.MSS.0000065001.17658.68
https://doi.org/10.1249/01.MSS.0000065001.17658.68
https://doi.org/10.1152/jappl.1996.80.1.99
https://doi.org/10.1152/jappl.1996.80.3.988
https://doi.org/10.1152/jappl.1996.80.3.988
https://www.ncbi.nlm.nih.gov/pubmed/16177615
https://www.ncbi.nlm.nih.gov/pubmed/16177615
https://doi.org/10.1055/s-2004-830335
https://doi.org/10.1519/15454.1
https://doi.org/10.1123/ijspp.2016-0427
https://doi.org/10.1152/japplphysiol.00436.2006
https://doi.org/10.1152/japplphysiol.00436.2006
https://www.ncbi.nlm.nih.gov/pubmed/20029103
https://www.ncbi.nlm.nih.gov/pubmed/20029103
https://doi.org/10.1016/j.resp.2008.02.001
https://doi.org/10.2165/00007256-200333130-00002
https://doi.org/10.2165/00007256-200333130-00002
https://doi.org/10.1249/01.MSS.0000099108.55944.C4
https://doi.org/10.1249/01.MSS.0000099108.55944.C4
https://doi.org/10.1055/s-2001-11335
https://doi.org/10.1055/s-2001-11335
https://doi.org/10.1055/s-2002-29080
https://doi.org/10.1136/bjsm.2007.035436
https://doi.org/10.1136/bjsm.2007.035436
https://doi.org/10.1111/j.1469-7793.2001.00947.x
https://doi.org/10.1111/j.1469-7793.2001.00947.x


Physiology, Nutrition, andMetabolism, 37(6), 1080–1090. doi:10.
1139/h2012-096

Maciejewski, H., Rahmani, A., Chorin, F., Lardy, J., Giroux, C., &
Ratel, S. (2016). The 1,500-m rowing performance is highly
dependent on modified Wingate anaerobic test performance
in national-level adolescent rowers. Pediatric Exercise Science,
28(4), 572–579. doi:10.1123/pes.2015-0283

Mattioni Maturana, F., Peyrard, A., Temesi, J., Millet, G. Y., &
Murias, J. M. (2018). Faster VO2 kinetics after priming exer-
cises of different duration but same fatigue. Journal of Sports
Sciences, 36(10), 1095–1102. doi:10.1080/02640414.2017.
1356543

Meckel, Y., Atterbom, H., Grodjinovsky, A., Ben-Sira, D., &
Rotstein, A. (1995). Physiological characteristics of female
100 metre sprinters of different performance levels. Journal of
Sports Medicine and Physical Fitness, 35(3), 169–175. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/8775642.

Miura, A., Shiragiku, C., Hirotoshi, Y., Kitano, A., Endo, M. Y.,
Barstow, T. J.,…Fukuba, Y. (2009). The effect of prior heavy
exercise on the parameters of the power-duration curve for
cycle ergometry. Applied Physiology, Nutrition, and Metabolism,
34(6), 1001–1007. doi:10.1139/H09-103

Murias, J. M., Pogliaghi, S., & Paterson, D. H. (2018).
Measurement of a true VO2max during a ramp incremental
test is not confirmed by a verification phase. Frontiers in
Physiology, 9, 143. doi:10.3389/fphys.2018.00143

Nielsen, O. B., de Paoli, F., & Overgaard, K. (2001). Protective
effects of lactic acid on force production in rat skeletal
muscle. The Journal of Physiology, 536(Pt 1), 161–166. doi:10.
1111/j.1469-7793.2001.t01-1-00161.x

Nolan, P. B., Beaven, M. L., & Dalleck, L. (2014). Comparison of
intensities and rest periods for VO2max verification testing pro-
cedures. International Journal of Sports Medicine, 35(12), 1024–
1029. doi:10.1055/s-0034-1367065

Palmer, C.D., Jones, A.M.,Kennedy,G. J., &Cotter, J. D. (2009).
Effects of prior heavy exercise on energy supply and 4000-m
cycling performance. Medicine & Science in Sports & Exercise,
41(1), 221–229. doi:10.1249/MSS.0b013e31818313b6

Poole, D. C., & Jones, A. M. (2017). Measurement of the
maximum oxygen uptake VO2max: VO2peak is no longer
acceptable. Journal of Applied Physiology, 122(4), 997–1002.
doi:10.1152/japplphysiol.01063.2016

Raymer, G. H., Forbes, S. C., Kowalchuk, J. M., Thompson, R.
T., & Marsh, G. D. (2007). Prior exercise delays the onset of
acidosis during incremental exercise. Journal of Applied
Physiology, 102(5), 1799–1805. doi:10.1152/japplphysiol.
01151.2006

Rossiter, H. B., Ward, S. A., Kowalchuk, J. M., Howe, F. A.,
Griffiths, J. R., & Whipp, B. J. (2001). Effects of prior exercise
on oxygen uptake and phosphocreatine kinetics during high-
intensity knee-extension exercise in humans. The Journal of
Physiology, 537(Pt 1), 291–303. doi:10.1111/j.1469-7793.
2001.0291k.x

Sale, D. (2004). Postactivation potentiation: Role in performance.
British Journal of Sports Medicine, 38(4), 386–387. doi:10.1136/
bjsm.2002.003392

Sawyer, B. J., Tucker, W. J., Bhammar, D. M., & Gaesser, G. A.
(2015). Using a verification test for determination of V
[Combining dot Above]O2max in sedentary adults with
obesity. Journal of Strength and Conditioning Research, 29(12),
3432–3438. doi:10.1519/JSC.0000000000001199

Scheuermann, B. W., Hoelting, B. D., Noble, M. L., & Barstow,
T. J. (2001). The slow component of O2 uptake is not
accompanied by changes in muscle EMG during repeated
bouts of heavy exercise in humans. The Journal of Physiology,
531(Pt 1), 245–256. doi:10.1111/j.1469-7793.2001.0245j.x

Silva, R. A., Silva-Junior, F. L., Pinheiro, F. A., Souza, P. F.,
Boullosa, D. A., & Pires, F. O. (2014). Acute prior heavy
strength exercise bouts improve the 20-km cycling time trial
performance. Journal of Strength and Conditioning Research, 28
(9), 2513–2520. doi:10.1519/JSC.0000000000000442

Smith, J. C., & Hill, D. W. (1991). Contribution of energy systems
during a Wingate power test. British Journal of Sports Medicine,
25(4), 196–199. doi:10.1136/bjsm.25.4.196

Spencer, M. R., & Gastin, P. B. (2001). Energy system contri-
bution during 200- to 1500-m running in highly trained ath-
letes. Medicine and Science in Sports and Exercise, 33(1), 157–
162. doi:10.1097/00005768-200101000-00024

Taylor, H. L., Buskirk, E., & Henschel, A. (1955). Maximal
oxygen intake as an objective measure of cardio-respiratory per-
formance. Journal of Applied Physiology, 8(1), 73–80. doi:10.
1152/jappl.1955.8.1.73

Vanhatalo, A., & Jones, A. M. (2009). Influence of prior sprint
exercise on the parameters of the ‘all-out critical power test’ in
men. Experimental Physiology, 94(2), 255–263. doi:10.1113/
expphysiol.2008.045229

Wasserman, D. H. (1995). Regulation of glucose fluxes during exer-
cise in the postabsorptive state. Annual Review of Physiology, 57,
191–218. doi:10.1146/annurev.ph.57.030195.001203

Weatherwax, R. M., Richardson, T. B., Beltz, N.M., Nolan, P. B.,
& Dalleck, L. (2016). Verification testing to confirm VO2max in
altitude-residing, endurance-trained runners. International
Journal of Sports Medicine, 37(7), 525–530. doi:10.1055/s-
0035-1569346

Weise, M., Mehlinger, S. L., Drinkard, B., Rawson, E.,
Charmandari, E., Hiroi, M.,…Merke, D. P. (2004). Patients
with classic congenital adrenal hyperplasia have decreased epi-
nephrine reserve and defective glucose elevation in response
to high-intensity exercise. The Journal of Clinical Endocrinology
& Metabolism, 89(2), 591–597. doi:10.1210/jc.2003-030634

Westerblad, H., Allen, D. G., & Lannergren, J. (2002). Muscle
fatigue: Lactic acid or inorganic phosphate the major cause?
News in Physiological Sciences, 17, 17–21. doi:10.1152/
physiologyonline.2002.17.1.17

Whipp, B. J., Davis, J. A., Torres, F., & Wasserman, K. (1981). A
test to determine parameters of aerobic function during exer-
cise. Journal of Applied Physiology, 50(1), 217–221. doi:10.
1152/jappl.1981.50.1.217

Wilkerson, D. P., Koppo, K., Barstow, T. J., & Jones, A. M.
(2004). Effect of prior multiple-sprint exercise on pulmonary
O2 uptake kinetics following the onset of perimaximal exercise.
Journal of Applied Physiology, 97(4), 1227–1236. doi:10.1152/
japplphysiol.01325.2003

Zajac, A., Jarzabek, R., & Waskiewicz, Z. (1999). The diagnostic
value of the 10- and 30-secondWingate test for competitive ath-
letes. Journal of Strength and Conditioning Research, 13, 16–19.

Zupan, M. F., Arata, A. W., Dawson, L. H., Wile, A. L., Payn, T.
L., & Hannon, M. E. (2009). Wingate anaerobic test peak
power and anaerobic capacity classifications for men and
women intercollegiate athletes. Journal of Strength and
Conditioning Research, 23(9), 2598–2604. doi:10.1519/JSC.
0b013e3181b1b21b

Priming exercise increases Wingate cycling peak power output 9

https://doi.org/10.1139/h2012-096
https://doi.org/10.1139/h2012-096
https://doi.org/10.1123/pes.2015-0283
https://doi.org/10.1080/02640414.2017.1356543
https://doi.org/10.1080/02640414.2017.1356543
https://www.ncbi.nlm.nih.gov/pubmed/8775642
https://doi.org/10.1139/H09-103
https://doi.org/10.3389/fphys.2018.00143
https://doi.org/10.1111/j.1469-7793.2001.t01-1-00161.x
https://doi.org/10.1111/j.1469-7793.2001.t01-1-00161.x
https://doi.org/10.1055/s-0034-1367065
https://doi.org/10.1249/MSS.0b013e31818313b6
https://doi.org/10.1152/japplphysiol.01063.2016
https://doi.org/10.1152/japplphysiol.01151.2006
https://doi.org/10.1152/japplphysiol.01151.2006
https://doi.org/10.1111/j.1469-7793.2001.0291k.x
https://doi.org/10.1111/j.1469-7793.2001.0291k.x
https://doi.org/10.1136/bjsm.2002.003392
https://doi.org/10.1136/bjsm.2002.003392
https://doi.org/10.1519/JSC.0000000000001199
https://doi.org/10.1111/j.1469-7793.2001.0245j.x
https://doi.org/10.1519/JSC.0000000000000442
https://doi.org/10.1136/bjsm.25.4.196
https://doi.org/10.1097/00005768-200101000-00024
https://doi.org/10.1152/jappl.1955.8.1.73
https://doi.org/10.1152/jappl.1955.8.1.73
https://doi.org/10.1113/expphysiol.2008.045229
https://doi.org/10.1113/expphysiol.2008.045229
https://doi.org/10.1146/annurev.ph.57.030195.001203
https://doi.org/10.1055/s-0035-1569346
https://doi.org/10.1055/s-0035-1569346
https://doi.org/10.1210/jc.2003-030634
https://doi.org/10.1152/physiologyonline.2002.17.1.17
https://doi.org/10.1152/physiologyonline.2002.17.1.17
https://doi.org/10.1152/jappl.1981.50.1.217
https://doi.org/10.1152/jappl.1981.50.1.217
https://doi.org/10.1152/japplphysiol.01325.2003
https://doi.org/10.1152/japplphysiol.01325.2003
https://doi.org/10.1519/JSC.0b013e3181b1b21b
https://doi.org/10.1519/JSC.0b013e3181b1b21b

	Abstract
	Introduction
	Methods
	Participants
	Study design
	Exercise protocols
	Maximal rate of oxygen uptake
	Priming exercise
	Wingate

	Statistical analysis

	Results
	Discussion
	Practical applications/limitations
	Conclusion

	Acknowledgements
	Disclosure statement
	ORCID

	References

