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Hemodynamic changes in athletes’ brains: is there any adaptation?
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Abstract. This study compared the hemodynamic changes in the prefrontal cortex during sprint in-
terval training (SIT) and recovery periods in sedentary and athletes. SIT was performed on a cycling
ergometer on 12 male athletes and 9 sedentary participants. A functional near-infrared spectroscopy
(INIRS) device was used to record the hemodynamic changes of the prefrontal cortex throughout the
protocol. The oxyhemoglobin (Oxy-Hb) levels in the prefrontal cortex were increased significantly,
and the power outputs were decreased in repetitive Wingate anaerobic tests (WAnTs) in Sedentary
and Athletes group (p < 0.001). In addition, the Sedentary group had higher Oxy-Hb values (p <
0.001). However, the recovery times decreased significantly after all WAnTs (p < 0.05). Despite the
increased fatigue, athletes performed better with less Oxy-Hb than the sedentary participants. Also,
the recovery of the Oxy-Hb values in the prefrontal region was faster in athletes. These results may
highlight a possible brain adaptation in athletes.

Key words: Athlete’s brain — Functional near-infrared spectroscopy — Brain hemodynamics —
Fatigue and recovery — Sprint interval training

Abbreviations: {NIRS, functional near-infrared spectroscopy; MP, mean power; Oxy-Hb, oxyhemo-
globin; PFC, prefrontal cortex; PP, peak power; SI'T, sprint interval training; WAnT, Wingate anaerobic test.

Introduction

“Mens sana in corpore sano” has been one of the most popular
medical mottos since Juvenal’s poem. As the Latin-speaking
poet explained, without observing the exact mechanisms
behind it, exercise affects the muscular and skeletal system
and brain hemodynamics. As expected, the greatest effects of
exercise can be seen among athletes, who are the participants
of this research. An athlete can develop various chronic ad-
aptations, such as improved maximum oxygen use capacity,
decreased resting heart rate, hypertrophy, mitochondrial
adaptation, increased antioxidant levels, and increased capil-
larization with a regular training program (Skof and Strojnik
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2006; Degens et al. 2019; Valenzuela et al. 2019). The physi-
ologic adaptation of athletes is well known, but how brain
adaptation develops and what features indicate the hemody-
namics changes are less known. Hence, in recent studies, the
question of “How does the brain structure and functioning
of athletes change?” was discussed extensively (Belviranli et
al. 2016; Herold et al. 2020b; Paruk et al. 2020). Considering
the current knowledge, differences in various brain structures
(amygdala, cerebellum, motor areas, gray matter), which can
highlight brain plasticity, have been shown, especially in
studies with well-trained athletes (Guo et al. 2017; Duru and
Balcioglu 2018; Paruk et al. 2020). In addition to these stud-
ies, the effects of different exercise methods on some brain
parameters (brain-derived neurotrophic factor, neuronal
activity, tolerance to mental fatigue, cognitive performance)
of athletes have been examined (Guo et al. 2017; Duru and
Balcioglu 2018; Jaydari Fard et al. 2019; Seidel and Ragert
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2020). Furthermore, neural efficiency hypotheses were sug-
gested by Haier et al. (1992). This hypothesis assumes that
cognitive capacity drives the energy consumption of the
brain. This consumption is also related to the activations of
frontal areas (Rypma et al. 2002; Duns et al. 2014; Basten et
al. 2015). Athletes also need to use many functions of the
brain simultaneously during high-intensity workloads to
perform successfully. Based on this ability, neuronal and
hemodynamic efficiency plays a critical role. Therefore, the
link between exercise type or intensity and cortical activa-
tions has to be established. The aforementioned studies sug-
gest that exercise intensity can modulate cortical activations
and athletes’ brains work with lower neuronal loads at high
exercise intensities, which can be assumed to be an indicator
of neuronal efficiency. These results may highlight a possible
brain adaptation in athletes. Hence, there has been growing
interest in examining the oxygenation change in the prefron-
tal cortex (PFC) during exercise and clarifying the relation-
ship between brain hemodynamics and exercise in the last
decade (Monroe et al. 2016; Herold et al. 2019, 2020a). For
this purpose, we also employed sprint interval training (SIT)
as a fatiguing exercise protocol to show how the volunteers
handled demanding tasks and how the hemodynamic pa-
rameters changed in this process.

In this context, repeated sprints as an SI'T method, which
is a popular exercise program, is frequently used in the de-
velopment of athletes. Especially in team sports, reaching
and maintaining high speeds (endurance in speed) plays
a critical role during games. High physiologic stress occurs
and it is essential to improve the anaerobic energy produc-
tion capability of the muscle and neuromuscular efficiency to
meet these demands. High-intensity interval training (HIIT)
SIT is widely used in the development of this key factor. In
the SIT model, active rest or passive rest periods can be used
in the range of 1-4 min at low loads between ‘all-out’ loads
performed between 20-45 s (Buchheit and Laursen 2013a,
2013D) Practices with active rest periods are preferred in SIT
programs performed with a bicycle ergometer (Milanovic
et al. 2015; Vollaard and Metcalfe 2017; Kujach et al. 2018).

Fatigue and recovery are complex mechanisms starting
from the central nervous system, including the muscle cells
themselves. In this context, the most important marker in
determining athletes’ performances and identifying elite
athletes are the conditions of fatigue and recovery. As a result,
monitoring the fatigue and recovery process with various
markers (subjective, heart rate, biochemical, neuromuscular,
and performance markers) or using many tools (Delayed-
onset muscle soreness (DOMS) scale, jump test, blood lactate
levels) are frequently used in this area and a practical method
is sought as standard (Kent-Braun 1999; Skof and Strojnik
2006; Wiewelhove et al. 2015). Alternatively, the reason for
the failure of the neurovascular system during fatigue is tried
to be explained by central and peripheral factors (Kent-Braun

1999; Monroe et al. 2016). Although there are many fatigue
and recovery markers (peripheral) in the field of sports sci-
ences and still being researched, hitherto there are no such
exercise and fatigue markers concerning brain hemodynam-
ics. In one of the important approaches to fatigue, the brain
is responsible for controlling, regulating, and finishing the
processes, if needed. This hypothesis is called the “central
governor” hypothesis, in which fatigue is entirely dependent
on the central system of the body. Therefore, observing the
central changes during fatigue is suggested (Weir et al. 2006).
One of the most promising tools for observing these central
changes is functional near-infrared spectroscopy (fNIRS).
This is an easy-to-use and noninvasive optical neuroimaging
technique based on the theory of neurovascular coupling and
optical spectroscopy. It is frequently used for monitoring
brain hemodynamics changes that occur during exercise or
simpler motor tasks (Herold et al. 2018; Gudiicii and Bediz
2019; Giinay et al. 2019). In studies, the PFC has been moni-
tored due to its importance in the processes of sustainability
exercise. Also, the regulation of oxygenation may change due
to the brain adaptation or plasticity of athletes.

To our knowledge, the relationship between fatigue and
recovery concerning the PFC hemodynamic changes of
athletes and sedentary individuals during exercise are not
fully understood. Also, the adaptation of athletes’ brains and
possible mechanisms have not been enlightened in previous
studies. Therefore, the present study aimed to compare the
hemodynamic changes and responses of the PFC in seden-
tary individuals and athletes during SIT and SIT recovery
periods to reveal possible brain adaptations.

Materials and Methods

Participants and experimental design

Twelve male athletes (basketball players, age: 21.30 + 1.49
year) who regularly trained 5 days per week for at least
10 years (Athletes group) and 9 sedentary males (age: 23.00
+ 1.41 years) who did not exercise regularly and had a daily
physical activity level of 1.5-3 metabolic equivalent tasks
(METs) according to the International Physical Activity
Questionnaire (Sedentary group) were included in the study.
The exclusion criteria were neurologic, medical or cardio-
vascular diseases and use of medication. Additionally, we
excluded players who experienced an injury and did not
train in the last season. The sample size was calculated with
the GPower 3.1.9.4 programme. Accordingly, the sample size
was described as 12 participants with an alpha (mistake) rate
of 5% and 70% power with the medium effect size for two
groups of repeated measures. All measurements were held
between 10:30-12:00 a.m. and participants were asked not to
consume any food and drink (e.g, caffeine, alcohol, vitamin
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complexes) that could affect their performance, 2-3 h before
the exercise. All participants were informed about the proce-
dures (Fig. 1) and each gave written consent. Measurements
were taken in Dokuz Eyliil University Faculty of Medicine,
Exercise Physiology Laboratory and Human Factor Labo-
ratories of Biophysics Department. The participants’ body
compositions were analyzed using a laboratory-type InBody
720 (Body Composition Analyzer, South Korea) bioelectric
impedance device. The participants” heights were measured
using a stadiometer while they were barefoot (G-Tech In-
ternational, Korea). The study was approved by the Local
Ethics Committee of Dokuz Eyliill University (2016/18-24).
The study also conformed to the standards set out in the
Declaration of Helsinki.

Exercise protocol

First, the exercise protocol was introduced to the par-
ticipants, then they were seated on the cycle-ergometer
and started a 4-min warm-up at a power of 50 Watts (W)
with a pedaling speed of 60-70 rpm. In the SIT protocol,
the Wingate anaerobic test (WANT) has been employed for
sprint training. During the warm-up, the participants were
requested to sprint twice to determine their maximum
pedaling rate for the WANT and these rates were recorded
for each participant. WANT, which is an exhaustive (all-out)
test for determining anaerobic performance, was applied to
the participants three times (WAnT-1, WAnT-2, WAnT-3)
with 4 min of active recovery between the repetitions us-
ing a cycling ergometer (Monark 839E, Sweden) (Dotan
and Bar-Or 1983; Naves et al. 2018). During the WAnT,
the participants were asked to use their maximum effort
concerning pedaling at a maximum speed for 30 s, against
aload (80 g b.w. and 60 g b.w. for the athletes and sedentary
individuals, respectively) (Weinstein et al. 1998). Then, the
participants pedaled for 4 min at a speed of 60-70 rpm at
50 W during the recovery periods, in which no exhaustive
exercise was applied. The total time for the whole exercise
protocol was 15 min and 30 s, excluding the warm-up period
(Fig. 1). The mean power (MP) and peak power (PP) outputs
of the participants were recorded during the WAnT. fNIRS

2. Recovery
50 W- 4 min.

WANT-3 Figure 1. Experimental
30s procedure of the functional
near-infrared spectroscopy
(fNIRS) recording. Wingate
anaerobic test (WANT), repli-
cated for three times (WAnT-
1, WAnT-2, WAnT-3). * In
the last repetition, 2 min were
recorded instead of 4 min due
to the excessive fatigue of the
sedentary participants.

3. Recovery
50 W- 4 min.*

was used to record the brain hemodynamics in the whole
experimental protocol (as shown in Fig. 1).

fNIRS recordings

In this study, an fNIRS device, which is non-invasive and
easy to apply (fNIR Devices 1100 LLC, MD, USA), was used
to record hemodynamic changes in the PFC. The sensor
pad of the device was placed on the participants’ forehead
as previously described (Bediz et al. 2016; Ayaz et al. 2019),
in which the position of the sensor pad corresponds to the
PFC according to the user manual of the device. Also, the
pad was covered with a black band to reduce ambient light.
Sixteen optodes recorded the hemodynamics at a frequency
of 2 Hz with a 2.5-cm source-detector separation. The
amount of light sent from a light source and perceived by
sensors is examined, and the oxy-hemoglobin (Oxy-Hb)
concentration changes in that region are calculated over the
amount of light absorption in the tissues. The penetration
depth of the infrared light sent by the fNIRS device is around
3 cm and it can reach the cortical regions. The differential
pathlength factor (DPF) we are using is about 6 (specifically
1000x0.015/2.5). The calculations and analysis were executed
using the Cognitive Optical Brain Imager (COBI) software.
During the off-line analysis, the raw fNIRS data were filtered
using a band-pass finite-impulse response (FIR) filter with
a range of 0.01-0.50 Hz to eliminate possible respiratory
and heart rate-related signals and unrelated high-frequency
noise using fNIRSoft (Huppert et al. 2009; Ayaz et al. 2012;
Pinti et al. 2018). Also, to overcome the physiological noise
effects, we employed a common average reference (CAR)
method which is described by Pfurtscheller et al. (2010) and
von Lithmann et al. (2020) and re-calculated the whole data
accordingly. Basically, we calculated the mean of all channels
in every single time point and subtracted it from every single
channel. The fNIRS recordings were baselined according to
the pre-WAnNT period, in which the participants were pedal-
ling without any load for 2 min. Then, the Oxy-Hb average of
both groups during active rest and WAnTs were calculated.
Additionally, the time taken for the participants to reach
the maximum Oxy-Hb values was calculated using frames.
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Statistical analysis

The SPSS 22 program was used for statistical evaluations.
The statistical distribution type of the data was evaluated
using normality tests (Kolmogorov-Smirnov). According
to these test results, it was observed that the data group
did not have a normal distribution. Therefore, the Fried-
man test was used for multiple comparisons. The Mann-
Whitney U and Wilcoxon test with Bonferroni correction
was used for pairwise comparisons. The significance level
was set at p < 0.05 and the effect sizes were reported as
partial n’.

Results

Demographic and physiologic parameters

Twelve male basketball players (mean age: 21.30 + 1.49 years;
mean height: 184.6 + 8.34 cm; mean weight: 83.5 + 6.27 kg),
who trained 5 days per week for at least 10 years, and nine
sedentary male participants (mean age: 23.00 + 1.41 years;
mean height: 182.0 £ 7.12 cm; mean weight: 81.6 + 9.24 kg),
without an exercise regime, participated in the study.

Power outputs

A significant difference was revealed when the PP values
of the athletes during repeated WAnT’s were compared us-
ing the Friedman test (p < 0.001). Comparisons of WAnT’s
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with each other by employing the Wilcoxon test, there was
a significant decrease between WAnT-1 (860.57 W) and
WANT-3 (725.50 W), and between WAnNT-2 (828.99 W)
and WAnT-3 (Fig. 2A; p = 0.004, n = 0.764 and p = 0.002,
n? = 0.879, respectively). There was no significant difference
between WAnNT-1 and WAnNT-2. Based on these data, it can
be said that the PP values of athletes gradually decreased
after each WANT.

A statistically significant difference was found between the
athletes’ MP values of repeated WANT using the Friedman
test (p < 0.001). According to the pairwise comparisons,
which were performed using the Wilcoxon test, there were
significant differences between WANT-1 (625.47 W) and
WAnNT-3 (516.92 W), and between WANT-2 (560.03 W) and
WAnNT-3 (Fig. 2B; p = 0.002, n* = 0.229 and p = 0.005, > =
0.728, respectively). These analyses revealed a significant
decrease in the MP values as the repetition occurred. How-
ever, there was no significant difference between WAnT-1
and WAnT-2 (p = 0.023).

When the PP and MP values of the sedentary individuals
during repeated WAnT’s were compared using the Friedman
test, a significant difference was observed (p < 0.05). How-
ever, this significant difference disappeared in the pairwise
comparisons using the Wilcoxon test (with Bonferroni
correction). These results show that although the sedentary
participants exerted a certain level of power during the
WAnNT’s, there was no difference between repetitions (Fig. 2).

PP and MP values were compared using a between-
group design. According to these comparisons, the athletes
achieved significantly higher power outputs in all repetitions
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A) and Mean Power (B) values of Athletes and Sedentary groups during the WAnT. Dashed lines show comparisons

between groups, straight lines represent within-group comparisons. ** p < 0.01, *** p < 0.001.
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Figure 3. Comparison of Oxy-Hb data of the Athletes and Sedentary groups. Dashed lines show the WAnT periods. Circular areas are
describing recovery Oxy-Hb values, in which the Oxy-Hb values are returning to the pre-WAnT values, of the participants after each WAnT.

(PP values (Fig. 2A, dashed lines): WAnT-1: p = 0.002, n* =
0.228; WANT-2: p = 0.002, > = 0.288; WAnT-3: p = 0.001,
n? = 0.324. MP values (Fig. 2B, dashed lines): WAnT-1: p =
0.002, n? = 0.288; WANT-2: p = 0.002, n* = 0.288; WAnT-3:
p <0.001, 0% =0.324).

Hemodynamic parameters

Oxy-Hb values were significantly higher during each WAnT
compared with the previous WAnT (p < 0.001). In addition,
it was observed that the Oxy-Hb values of the sedentary
group were significantly higher than in the athletes (Fig. 3,

WAnNT-1
TmaxoxyHb

WAnNT-2
Tmax‘,XyHb

WAnNT-3

p < 0.001, for all). When the recovery data of athletes and
sedentary individuals were compared, the Oxy-Hb values
during the recovery periods of the sedentary group were also
significantly higher (Fig. 3, p < 0.001, for all).

Another time-related analysis was performed concern-
ing the time when the two groups reached their maximum
Oxy-HDb level, which is described as Tmaxoxypp, during the
WAnNTs (Fig. 4). A significant shortening was revealed in
the times according to the within-group triple comparisons
performed using the Friedman test (p < 0.05).

In the pairwise comparisons for the athlete group, there
was a significant difference between WAnT-1-TmaxoxyHp

Tk
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Figure 4. Maximal Oxy-Hb reaching times (WAnT-TmaXoxymp) in Athletes and Sedentary group. WAnT-TmaxXoxymp is describing the
time to reach the participants’ maximum Oxy-Hb levels. These durations for each recovery has been demonstrated. Dashed lines point
out the significant differences between the WANT sessions for the Athletes group while the continuous lines point out the significant
differences between the WAnNT sessions for the Sedentary group. ** p < 0.01.
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(18.87 s) and WANT-3-TmaxoxyHb (10.12 s), and between
WART-2-Tmax oy (17.66 s) and WANT-3 Tmaxgyynp (both
p=0.003,1?=0.505), but there was no significant difference
between WANT-1-Tmaxoxynp and WANT-2-Tmax,xyHb.

In the sedentary group, a significant shortening was ob-
served only between WAnNT-1 (21.90 s) and WAnT-3 (12.20s;
p = 0.004, n? = 0.496). In the between-group analysis, no
significant difference was revealed.

Despite the similar Oxy-Hb values of both groups be-
fore the exercise, this pattern was differentiated during the
WAnTS. In particular, Oxy-Hb values had a rapid increase
and decrease in athletes. This decrement led to lower Oxy-Hb
values than its pre-exercise values. The duration between the
Oxy-Hb values of the participants after WANT recovering to
pre-WAnT values (WART Trec,yypp) was calculated (Fig. 3,
the circled area).

However, in the sedentary group, the Oxy-Hb values
did not decrease after the WANT and stayed higher than
the pre-exercise values. Therefore, WAnT Trecoxypy values
could not be calculated for the sedentary group. According
to our results, the athletes’ recovery times after all WAnTs
(WANT-1: 148 s; WANT-2: 72 s; WANnT-3: 23 s) decreased
significantly (p < 0.001; Fig. 5).

Discussion

In this study, power outputs and hemodynamic changes
in the PFC during repetitive maximal sprint exercise were
evaluated in athletes and sedentary participants using fNIRS.
In previous studies, knowledge about the possible effects
of different types of exercise on brain hemodynamics was
used to determine an optimal exercise for brain health, and
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Trecocymy W////////////////////////////ﬂ """""""
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Trec,y,up //////// """"""""""""""""""""""""""""""""""""""""""
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Time (s)
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Trec,ym |/////////////////////////////////////////////////////////////////4 77777 * **

________________________________________________

prescribing exercise as an important future topic (Herold
et al. 2019, 2020b). However, concerning the oxygenation
of the PFC, the difference or relationship between the PFC
hemodynamics of sedentary individuals and athlete’s has
been investigated in an insignificant number of studies.
Therefore, in this study, hemodynamic changes in the PFC
of athletes and sedentary groups were evaluated during
a high-intensity exercise protocol using fNIRS.

The power output of the athletes was much higher than
among the sedentary participants. However, the power
output similarly changed with the repetitions in both groups
(Fig. 2). The fact that the power outputs with every WAnT
repetition decreased in both groups may be considered
as a maximum effort and possible fatigue indicator of the
participants.

On the frontal hemodynamic aspect, Oxy-Hb values
were significantly higher in both groups during each WAnT
than in the previous WAnT (Fig. 3), which is consistent with
a previous study by Monroe et al. (2016). Additionally, the
sedentary group had higher Oxy-Hb values than the athletes.
This could support the idea that the physiologic adaptations
of the athletes were not limited to the cardiovascular (lower
heart rate and higher performance) system, they might also
be valid for brain hemodynamics. Consequently, athletes
may have better regulation of Oxy-Hb, which could be
considered a sign of hemodynamic plasticity.

A similar approach was also proposed by Wu et al. (2017)
in a study in which the authors stated that individuals
showed more efforts to avoid the effects of fatigue. The
PEC s especially responsible for this process. In the present
study, it can be assumed that the athletes tried to be ready
for the next sprint and therefore their prefrontal oxygena-
tion increased after each sprint. The difference between the

Figure 5. Oxy-Hb re-
covery times (WAnT-
Trecoxynp) after WART
in Athletes group. WANT-
Trecoxynp is describing
the duration between
the Oxy-Hb values of the
participants after WANT
recovering to pre-WAnT
values. Dashed lines
point out the significant
differences between the
WAnNT sessions for the
Athletes group. *** p <
0.001.
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Oxy-Hb values of the athletes and sedentary participants
may indicate possible neural efficiency. In this context,
basketball can be assumed as a complex sports branch in
which neuronal activations would be higher and, due to
this higher activity, neural efficiency can be discriminated
between the groups.

Hence, many studies are reporting structural and func-
tional changes in elite athletes (Hanggi et al. 2010; Di et al.
2012; Duru et al. 2018). One of these studies indicated that
elite Karate athletes had increased gray matter volumes in
the temporal, occipital, and premotor areas of the brain.
Additionally, greater white matter volumes in the hypothala-
mus and increased connectivity between the areas of visual
perception and motor planning have been reported (Duru
et al. 2018). They connect these changes to the many years
of the specialized training sessions. Neuronal mechanisms
were investigated using functional magnetic resonance
imaging (fMRI) in elite, professional, and amateur athletes
by Kim et al. (2014) who reported that elite athletes had
higher cortical activation in the supplementary motor areas
and cerebellum. In the present study, PFC oxygenation was
investigated with another aspect. The findings related to the
Oxy-Hb had similarities to previous studies. We thought
that the difference between the athletes and sedentary
participants was mostly due to the many years of training.
This experience may positively change the athletes’ brains,
which leads them to preserve energy if they can. In other
words, athletes may have developed an energy consumption
strategy in their PFC.

In another study, neurovascular connectivities were ex-
amined in endurance athletes and physically active adults
regarding the primary motor cortex. Despite the insignifi-
cant differences between them as determined using neural
efficiency, the authors also stated that athletes did the same
work with reduced PFC activation compared with active
adults (Seidel et al. 2019).

Another study indicated a decreased brain activity in
table-tennis players under the task of visuo-spatial tasks
related with sports and not related with sports. Meier et
al. (2016) suggested the brain adaptation is specific to the
sports and these adaptations observable only in specific areas
related with the specific skills. They demonstrated that on
handball players by employing the MRI. According to that
study, the gray matter volumes are increased in hand related
motor areas. Another evidence is spotted with dancers.
Again, an increase in gray matter volumes of foot related
motor areas had been spotted. These studies showed changes
in brain structures which are occurred due to the chronic
effects of specified training to be a professional athlete. In
the present study we believe that the changes in PFC could
indicate a functional adaptation as well as the structural
adaptation. Further studies are needed to show both changes
at the same time.

In another analysis, the time to reach the maximum
Oxy-Hb level during repeated WAnTs was determined
in the Athletes and Sedentary groups. Accordingly, only
the athlete group’s time was shortened as the number of
repetitions increased. These results may also suggest an
adaptation of athletes, who can improve their vasodilation
mechanisms and prepare themselves for the next challeng-
ing exercise task by delivering Oxy-Hb to the prefrontal
region in a shorter time. Thus, the athletes perform better
in this type of exercise.

According to the analysis of Oxy-Hb values in the re-
covery periods, the Oxy-Hb values of both groups were
increased compared with the previous WAnTs. However,
only the increase in the sedentary group was statistically
significant. This might be the result of increasing fatigue
with repeated supramaximal exercise and the changes in
the hemodynamic response of recovery. These changes
may suggest a compensation mechanism in brain responses
related to fatigue. However, further studies are needed to
clarify this hypothesis. Monroe et al. (2016) reported a large
increase in Oxy-Hb in the dorsolateral PFC during a sprint
and active recovery in the data they received from four
channels. They also revealed that the Oxy-Hb values were
still increasing during the fourth repetition of the sprint
despite the increased fatigue. This increase was also in line
with our Oxy-Hb findings. In addition, our analyses showed
that the Oxy-Hb data at the end of the WAnTs had fallen
below the initial levels of the exercise and even below the
baseline values during the first WAnNT. This trend is similar
to other studies (Monroe et al. 2016; Giinay et al. 2019).
Rebounding to the starting levels and even exceeding them
after reaching the nadir may denote a supercompensation
mechanism, which creates an Oxy-Hb roller-coaster/fluc-
tuation. Although fatigue and power values increase with
each repetition, recovery in the prefrontal region becomes
faster (Fig. 5). These faster processes might be accepted as
an important indicator of the brain adaptations of athletes
and it should be supported by further studies to become
a parameter used in determining the levels of elite athletes.

The sedentary brain may develop a saving strategy by
collecting higher levels of oxygen to sustain high-intensity
exercise stress. As the brain specializes in exercise, it may
need less Oxy-Hb use. In the rest periods between sprints,
the same protection behavior continues in the sedentary
brain, whereas the process of returning to normal values
starts in athletes. Could a decrease in Oxy-Hb in the brain
under physical stress be a marker for high performance? Ex-
ponential increases may represent a protective behavior and
poor performance, and moderately controlled increases may
represent a positive response (high-performance output) due
to adaptation to stress. How these changes occur in the PFCs
of athletes and sedentary brains under exercise and how this
situation can be explained and used in personalized exercise
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prescriptions are issues that remain to be resolved (Herold
etal. 2019, 2020b).

One of the most important limitations of this study was
the inability to compare the same recovery parameters with
sedentary groups. In further studies, it will be important to
examine how the recovery periods change after WAnTs by
applying the same exercise protocol to wider groups. Another
important limitation is that heart rate, Deoxy-Hb, and total
hemoglobin data could not be evaluated during the study.
Also, including whole-head fNIRS recordings would be an
essential contribution to future studies. Furthermore, we
could not compare the same participant size for the groups
due to the Covid-19 pandemic regulations. In the future
studies, this group size should be enlarged accordingly.
Another limitation can be the data analysis of {NIRS. In the
recent guidelines (Herold et al. 2017; Menant et al. 2020;
Yiicel et al. 2021), there are various methods suggested for
the rejection of motion related artifacts. In this present study,
we did not prefer to apply these methods, since we compared
the repetitive situations of the WAnTs. In the future studies
the efficiency of the proposed or suggested methods can be
proved under the similar exercise protocols.

Conclusion

In this study, hemodynamic changes in the PFC during
WAnNT periods were observed in athletes and sedentary
individuals. Consequently, the time to reach the maximum
Oxy-Hb levels in the two groups, Oxy-Hb parameters during
the whole exercise, and additionally the recovery periods of
athletes were examined. According to these results, athletes’
vasodilation mechanisms in the PFC work faster than in
sedentary individuals to meet oxygen needs, and they also
perform better with less Oxy-Hb than sedentary individu-
als. This shows that there is a physical difference between
athletes and sedentary people and differences in terms of
brain adaptation.

Although repeated high-intensity exercise decreases
strength due to muscular and central fatigue, the hemody-
namic increase seen in Oxy-Hb in the brain anterior region
increases the activities of the executive centers in the PFC
to compensate for the decreased exercise capacity. In ad-
dition, these results may be evidence that the mechanism
works better in athletes. In further studies, it is planned to
perform physiologic measurements similarly with special
experimental setups to illuminate the structures that cause
different hemodynamics, and the parameters and markers
that make athletes’ brains special.
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