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Background: Mindfulness-based intervention (MBI) as a psychological treatment is adopted in the sports
field, but its effect during competition has not been explored. This study investigated the acute effect of a
brief MBI on athletes’ cognitive function after a 45-min, lab-based soccer protocol.
Methods: In a single-blind randomized counter-balanced crossover design, 17 male soccer players
completed two main trialsdan MBI trial and a control trial. The MBI trial was provided with a brief MBI
after 45-min exercise; the control trial was instead assigned a travel-related audio to listen to at that
time. In each main trial, cognitive function (i.e., Stroop task for inhibition; Corsi-block tapping task for
working memory), salivary cortisol, blood lactate and mental fatigue were measured at baseline (pretest)
and after the intervention (posttest). The cerebral oxygenation status was recorded using functional
near-infrared spectroscopy during the cognitive function test.
Results: The brief MBI improved working memory performance in terms of both reaction time (pre vs.
post, P ¼ 0.02, d ¼ 0.71) and accuracy (pre vs. post, P ¼ 0.009, d ¼ 0.58), supported by eliciting increased
oxyhemoglobin concentration in the prefrontal cortex of the brain. Whereas a slightly better cognitive
performance for MBI trial than control trial at posttest (P ¼ 0.37, d ¼ 0.32) accompanied by a lower
oxyhemoglobin concentration. A lower mental fatigue level (P ¼ 0.05, d ¼ 0.6) and lower cortisol con-
centration (P ¼ 0.04, d ¼ 0.65) were observed in the MBI trial than in the control trial after the inter-
vention at posttest. The decreased cortisol concentration correlated with increased inhibition
performance in the MBI trial.
Conclusion: The acute effect of MBI on athletes’ mental fatigue and cortisol concentration was detected,
and the beneficial effect on working memory was preliminarily supported. In general, MBI is recom-
mended to be adopted at half-time of a soccer game.

© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The competitive demands of many intermittent team sports
require two consecutive stages of play to be split at half-time. Half-
time can be viewed as the recovery period after the first half, the
preparation period for the second half, or the transition period
between the two halves. During the half-time period, acid-base
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balance and glycemic response changes may further affect perfor-
mance in the initial stage of the second half.1 The total distance
covered and the distance covered at high speed were shown to be
reduced in the first 15-min of the second half when compared with
the corresponding period of the first half.2 In addition to reporting
diminished physical output, studies have observed impaired
cognitive performance between the first and second halves. Spe-
cifically, the increase in response accuracy observed during the first
30-min of intermittent exercise was attenuated in the first 15-min
of the second half.1,3 Therefore, half-time practices appear to in-
fluence subsequent performance during the initial stages of the
second half.1 Adopting appropriate recovery strategies at half-time
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to help players service their cognitive needs and restore their
physical strength could help maintain or even improve perfor-
mance in the initial stage of the second half.

Although strategies such as nutrient-rich fluid intake, tactical
discussion, and re-warm-up are widely used during the half-time
break in team sports, psychological interventions such as
mindfulness-based interventions (MBIs) have received increasing
attention. In contrast to most forms of psychological interventions
(e.g., goal setting, imagery, and self-talk) which directly aim to
change dysfunctional thoughts and emotions,4 MBI can be grouped
under the concept of mindfulness aiming to change the relation-
ship between physiological and psychological states. Mindfulness is
defined as “the awareness that emerges through paying attention
on purpose, in the present moment, and nonjudgmentally to the
unfolding of experience moment by moment."5 It involves close
observation of all experiences that arise, with an attitude of
acceptance, openness, and willingness and without impulsive at-
tempts to change or escape them, even if they are unpleasant or
unwanted.6 MBI includes an assortment of meditative practices,
including mindful breathing and body scan, with the essential el-
ements involving open-minded attention, awareness, nonjudg-
ment and experiential acceptance.7 TheMBI programs typically last
for 8e12 weeks, with the effects of reducing stress, anxiety,
burnout, and aggression.7e9 Because of the great intervention de-
mands, short-term or brief MBIs have been designed and verified.
In general, a short-term MBI lasted for 5e20 min per session and
was reported to reduce negative mood and various types of anxiety
in a review study.10 Other benefits of such interventions have also
been documented. Randomized controlled trials have revealed that
a 10e20 min MBI involving a body scan contemplation improved
performance in pain coping.11,12 In addition, May et al.13 observed
that a 15-min MBI positively affected cardiovascular modulation in
a randomized controlled trial.

Accordingly, MBIs offer a promising psychological recovery
strategy for cognitive performance that can be provided during the
half-time break. The acute positive effects of such interventions on
cognitive function were demonstrated.14 Kozasa et al.15 found that
when comparing brain activation (i.e., by fMRI) in the inhibition-
related task (i.e., Stroop task) between MBI practitioners and non-
MBI practitioners, MBI practitioners increased the efficiency of
networks recruited during the attention and impulse control de-
mands of the task. Mrazek et al.16 observed that MBI improved the
working memory capacity by reducing mind wondering. Van and
Jha17 found that MBI influences information processing in the
working memory task via improved information quality and
reduction response conservativeness but no changes in decisional
factors. H€olzel et al.18 proposed four mechanisms through which
mindfulness mediates its effects: attention regulation, body
awareness, emotion regulation (including reappraisal and expo-
sure, extinction, and reconsolidation), and change in perspective on
the self. Among them, attention regulation was theorized to pro-
mote sustained and selective attention and executive control of
cognitive resources. In the sports context, Zhu et al.19 adopted a
brief MBI coupled with carbohydrate intake during the half-time
break to improve athletes' cognitive function in the second half of
a simulated soccer-specific field test. Although beneficial effects
have been observed, effects unique to brief MBIs have yet to be
investigated in team sports. In team sports, cognitive performance
plays a crucial role in sports performance because motor actions
must be constantly monitored and controlled amid rapidly occur-
ring changes (e.g., ball and player positions) in the field.20 Addi-
tionally, excellent visuospatial working memory in space is
required to cooperate with teammates, choose positions, and
anticipate possible game options.21 Therefore, the first objective of
this study was to investigate the acute effect of a brief MBI during
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half-time on soccer players' cognitive function.
In addition to verifying the influence of an MBI on cognitive

function, understanding the mechanism underlying such an effect
is vital. Changes in oxygenated hemoglobin (O2Hb) and deoxy-
genated hemoglobin (HHb) levels in the prefrontal cortex may be a
mechanism explaining cognitive performance changes. Regarding
MBIs, a functional magnetic resonance imaging (fMRI) study indi-
cated that MBIs regulate prefrontal cortex activity and that this area
is closely associated with cerebral oxygenation.22 Deepeshwar
et al.23 observed significantly increased O2Hb concentrations in the
right prefrontal cortex accompanied by shorter reaction times
during the Stroop task after overseeing a 20-min MBI. Exercise also
plays a role in cerebral oxygenation changes.24 One meta-review
determined that prefrontal oxygenation levels, measured through
functional near-infrared spectroscopy (fNIRS), exhibited a quadratic
response to incremental exercise.25 Such levels (i.e., O2Hb)
increased as the exercise intensity increased from moderate to
strenuous and then decreased at extremely high-intensity levels.25

Therefore, the second objective of this study was to examine the
mechanisms associated with brief MBI effects on cognitive perfor-
mance during the initial stage of the second half in soccer games. As
MBI is a psychological intervention that potentially affects mental
parameters, mental fatigue and salivary cortisol were included to
explore the effect of MBI onmental fatigue and/or the potential role
of cortisol on mental fatigue and cognition. We hypothesized that
an MBI during half-time would benefit cognitive function in the
initial stage of the second half and be associated with higher O2Hb
concentrations in the prefrontal cortex.

2. Methods

2.1. Participants

Twenty right-handed male student-athletes from a university
soccer team, with 17 completing the entire trial (age: 20.7 ± 3.2
years; height: 175.1 ± 5.0 cm; weight: 65.8 ± 7.8 kg; maximal ox-
ygen consumption [VO2max]: 59.3 ± 5.0 mL/kg/min; heart rate
maximum [HRmax]: 183.4± 12.6 beats/min; bodymass index [BMI]:
21.4 ± 2.2 kg/m2). Participants were instructed to complete a
medical history questionnaire before the trial, and those with a
history of injury within two months of the study or taking medi-
cation were excluded. All participants were informed of the
experimental procedures and potential risks and voluntarily signed
the consent forms. No participant reported MBI-related experience.
G*power (version 3.1.2; Universit€at Düsseldorf, Germany) was used
to calculate the required sample size in accordance with one pre-
vious study.14 Specifically, a sample size that could enable the
detection of a moderate to large effect size with 90% power and a
two-tailed probability level of 0.05 while assuming a 20% dropout
rate. This study was approved by a university human research
ethics committee (Ref. no. 2019-2020-0384).

2.2. Measures

2.2.1. Behavioral outcomes
A test battery of cognitive function comprising the Stroop effect

task (ST)26 and Corsi block-tapping task (CBT)27 in an event design
was administered from one computer. Before taking the test, par-
ticipants were asked if they could remember the practice (i.e., ST
and CBT) from the preliminary trial. If participants answered that
they were unfamiliar with it, they could practice the tasks once and
then take a 1-min break before the formal test. The task order was
performed consistently to prevent the carry-over effect of
emotional state and regulation on domain-general cognitive con-
trol.28,29 The tests were conducted in a room with silence and



Fig. 2. Probe setup.
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darkness, and the computer screenwas set bright and comfortable.
The distance and angle at which participants looked at the screen
were approximately 50e70 cm and approximately 15� below the
horizontal line, adjusted for each participant's vision and height. In
addition, the light was dimmed to minimize external interference
and improve the view of the screen. One researcher sat at the
participants' back to remind the cognitive tasks began and set
markers in fNIRS simultaneously (one marker at the beginning and
another marker at the end of each task, including ST congruent, ST
incongruent and CBT). The response of each participant was
recorded by the battery automatically, with the accuracy and cor-
rected reaction time were obtained for data analysis. The battery
has been described and applied successfully in several
studies24,29,30 and briefly summarized as follows.

The ST is a commonly used cognitive test; both congruent and
incongruent conditions were included in the test in this study. The
congruent condition involved presenting a color word in the same
color as the color it described. The incongruent condition involved
presenting the color word in a different color to the color it
described. Instead of reading the word itself, the participants were
asked to click on the color of the font. The congruent condition
contained 14 stimuli and the incongruent condition contained 20
stimuli, and the choices remained on the screen until the partici-
pants responded with an inter-stimulus interval of 1-sec. In the
CBT, nine identical, spatially separated blocks were randomly tap-
ped in a specific sequence by the computer. The participants were
required to remember and tap these blocks in the same sequence
shown by the computer. There were 12 stimuli in the task, and the
choices remained on the screen until the participants responded
with an inter-stimulus interval of 1-sec.
2.2.2. Physiological outcomes
Cerebral oxygenation was monitored using a continuous-wave

fNIRS system with dual-wavelength (760 and 850 nm) and 3-cm
source-detector separation comparison channels (NIRx Medical
Technologies LLC, New York, US). The detectors were located across
the dorsal and anterior prefrontal cortex. Data were collected at
7.81 Hz. The system provided eight light sources and eight de-
tectors, of which eight sources and seven detectors were used,
amounting to a 16-channel arrangement (see Fig. 2). On the basis of
the international 10e20 system,31 the cap was positioned on each
participant's forehead by centering the bottom of the probe at the
Fig. 1. The protocol of main trials. MBI, 6-min mindfulness-based intervention; CON, Cont
Intervention (Posttest).
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Fpz position. The NIRStar acquisition software (NIRx Medical
Technologies, LLC, New York, USA) was used to acquire fNIRS data
and evaluate the signal-to-noise ratio.

Salivary cortisol. Oral swabs (Cortisol-Savivette, SARSTEDT AG &
Co, Germany) specially designed for cortisol determination from
saliva were used to collect salivary samples. The swabs were posi-
tioned under the front of the tongue to collect saliva and then
removed from the mouth and inserted into a syringe barrel. After
centrifuged (Sorvall ST 8 R, Thermo-fisher Scientific, Pittsburgh,
USA), the saliva sample was stored at �80 �C in an ultra-low-
temperature freezer (MDF-682, Panasonic, Osaka, Japan) and
analyzed within 30 days. According to the manufacturer's in-
structions, salivary cortisol levels were assessed using commercial
enzyme-linked immunosorbent assay kits (HePeng Biotech., Ltd,
Shanghai, China).
rol condition. T0, baseline test (Pretest); T1, after the exercise protocol; T2, after the
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Blood lactate concentration was used to monitor the exercise
intensity in two main trials and measured via a portable lactate
analyzer (Lactate Scout, SensLab GmbH, Leipzig, Germany).

2.2.3. Perception outcomes
State mindfulness. Similar to a previous study,19 the participants

were asked to respond to two survey items (“I felt in touch with my
body” and “I focused on my breathing”) with ratings on a Likert
scale ranging from 0 (“very slightly or not at all”) to 6 (“extremely”)
after the intervention as a manipulation check. Mindfulness states
were computed by averaging the two ratings. A higher score was
considered to represent a superior mindfulness state.

Mental fatiguewas assessed through subjective responses based
on a visual analog scale ranging from 0 (“no pain at all”) to 10
(“extremely unbearable”). The scale has been used previously.19

2.3. Procedure

2.3.1. Experimental design
This study adopted a single-blind randomized counter-balanced

crossover design. Each participant visited the lab on three separate
days (i.e., one day for the preliminary trial, two days for the control
trial and MBI trial) within one month. After consent, participants
were randomly assigned to one of the two conditions (i.e., MBI or
control) using a random number-producing algorithm. To prevent
the carry-over effect and the effect of individual differences in re-
covery, washout periods of more than 72-h were instituted.32 The
participants were required to refrain from consuming alcohol or
caffeine and from any strenuous or unfamiliar physical activities for
the 24-h prior to each visit. In eachmain trial, the participants were
asked to ingest 500 mL of plain water 2-h before arriving at the lab
so as to be ordinarily hydrated. They were asked to intake the same
diet in days and hours before each main trial to minimize the
variation from baseline tests and were instructed to empty their
bladders entirely directly before the main trials. This was to ensure
that the test results were not affected by the participants' nutri-
tional status before the main experimental trials. The trials were
performed in lab with constant temperatures of 22 �C. Regarding
the blinding strategy, the participants were not informed of the
intervention purpose until they had concluded the entire trial.

2.3.2. Preliminary trial
In the preliminary trial, the participants were instructed to

complete demographic information forms. Each participant's body
weight and BMI were measured using a composition analyzer (In
Body 570, Cerritos, CA, USA). Subsequently, they performed a 5-min
warm-up on a treadmill, followed by a VO2max test using the
Astrand treadmill test protocol.33 Briefly, the participants started by
running on the treadmill at 8 km/h for 3-min, with the gradient at
0%. The gradient was then increased by 2.5% every 2-min until
participant exhaustion. The expired air was collected andmeasured
usingmetabolic carts (CortexMetamax 3B, Leipzig, Germany). After
the VO2max test, all participants were instructed to be familiar with
the main trial protocol on a treadmill. In addition, the participants
were required to undergo cognitive function tests at least twice to
avoid a learning effect.

2.3.3. Main trial
A soccer-specific intermittent exercise protocol, designed by

Drust et al.34 and previously adopted,35,36 was used in the main
trial. The protocol included various training intensities common to
90-min soccer matches (including walking, jogging, cruising, and
sprinting). The total duration of the protocol was 90-min, divided
into two identical 45-min periods separated by a 15-min rest in-
terval, which represented the half-time break. Each 45-min
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included three 15-min blocks. Participants have completed the
first three blocks (i.e., 45-min) on a motorized treadmill (H/P/
Cosmos Sports&Medical GmbH, Nussdorf-Traunstein, Germany) to
simulate the exercise intensity of the first half of a soccer match.
The remaining three blocks simulating the second half were not
performed, as the study was interested in the performance of the
athletes after half-time break (i.e., after intervention).

On the main trial day, the participants arrived at the lab 5-min
early to finalize preparations, such as reporting their recent food
and drink consumption. After a 10-minwarm-up (8.5 km/h running
and strength exercise), baseline data (pretest)dincluding mental
fatigue, blood lactate (BL; i.e., T0), and cognitive function (moni-
tored by fNIRS) were recorded. After a 10-min rest, salivary samples
were collected to circumvent the interference effect caused by
cognitive tasks. After the baseline test (pretest), the 45-min exer-
cise protocol was performed. The BL was collected immediately
after the exercise (i.e., T1). A 15-min break was arranged thereafter
as a simulation of a half-time break. After the first 5-min of the half-
time break, the participants were instructed to listen to a 6-min
introductory travel audio (as the control condition) or an audio-
based MBI (as the intervention condition). After the listening ac-
tivity, state mindfulness and mental fatigue were reported, and
salivary samples and BL were collected (i.e., T2). After the simulated
half-time break, the cognitive tasks were performed again (moni-
tored through fNIRS) (see Fig. 1).
2.3.4. Intervention
MBI condition: Participants in the MBI condition received a 6-

min mindful induction, including two parts: mindful breathing
and body scan. In mindful breathing practice, the attention rests on
the physical sensations associated with breathing. When the mind
wanders to something other than the breath, the individual non-
judgmentally takes note of the thought, allows the thought to pass,
and gently returns the focus to the sensations of breathing. In the
present study, mindful breathing was played at the beginning and
the end of the audio for about 2 min (transcripts e.g., focus on your
body and pay attention to your breathing; slowly, take a deep
breath and breathe in, breathe out). The body scan meditation is a
somatically oriented, attention-focusing practice designed to in-
crease interoceptive awareness and acceptance.37 The practice of
the body scan enhances the felt sense of being localized within
one's physical body; references the lived, immediate experience of
one's own body; and cultivates a subtle distinction between
thinking about the body and perceiving the body.38 In the present
study, the middle of the audio was a body scan for 4 min (tran-
scripts e.g., feel the weight on the soles of the feet, the pressure, the
slight tremor of themuscles, thewarmth or coolness of the skin…).
The practitioner audio was referred to a clinical psychologist in
department of health, Hong Kong SAR (www.studenthealth.gov.hk/
english/emotional_health_tips/eht_re/eht_re.html). Participants
were guided by the audio to pay attention to their body sensations,
in particular to those associated with the breathing procedure,
feeling them without trying to alter them. When participants'
minds wandered to something, they would be guided to notice it
with an accepting, non-judgmental manner and tenderly return to
breathing. The practice is consistent with the main feature of MBI:
consciously using an accepting attitude to pay attention to the
experience of each moment.7

Control condition: The time of the control condition is the same
as that of the MBI condition (6 min), but the content is only an
audio commentary introducing the scenery of the Hong Kong
suburban park.

http://www.studenthealth.gov.hk/english/emotional_health_tips/eht_re/eht_re.html
http://www.studenthealth.gov.hk/english/emotional_health_tips/eht_re/eht_re.html


Fig. 3. Blood lactate. MBI, 6-min mindfulness-based intervention. *P < 0.05 vs. T0
(baseline). & P < 0.05 vs. T1(after the exercise protocol).
T2 (after the Intervention).
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2.4. Statistical analysis

After checking the baseline (pretest) data, a 2 (conditions: MBI
and control) � 2 (times: pretest and posttest) repeated-measures
analysis of variance (ANOVA) was conducted to examine the be-
tween- and within-condition effects. The mental fatigue, BL, sali-
vary cortisol, and behavioral data (i.e., ST and CBT) were analyzed
separately. The post hoc test with Bonferroni correction was con-
ducted if a significant effect was observed. A paired sample t-test
was used to measure mindfulness state. The Spearman correlation
test was used to examine the association between salivary cortisol
concentration and cognitive performance. Effect size is presented
as partial eta squared (h2

P) for ANOVA and Cohen's d for post hoc
comparison. The significance level was set to 0.05. Statistical ana-
lyses were performed using SPSS (version 26, IBM SPSS, Armonk,
NY, USA).

The nirsLAB package (version 2019.4, NIRx Medical Technolo-
gies LLC, New York, US) was used to analyze the fNIRS data. The bad
channels were removed, and spike artifacts were filtered before
analysis. A bandpass filter (i.e., 0.01 Hz for low-pass filter, and
0.2 Hz for the high-pass)39 was employed to remove physiological
artifacts. The discontinuity data were removed if they exceeded the
threshold of 5 standard deviations. The specific task-evoked O2Hb
variations from the baseline (2 s before the onset of the task, 3 s
after the onset of each task; during task-switching: 4e20 s after the
onset of each task) were computed using the general linear model
for each participant, channel, and condition. Statistical parametric
mapping, with a P < 0.05 as the statistical threshold, was used to
compare the within- and between-condition effects for conditions
on specific tasks, with only those having significant variations
represented in the image. With consideration of the reliability, the
synthetic hemodynamic responses on O2Hb were analyzed and
reported.40e42

3. Result

3.1. State mindfulness

At the posttest, a significantly higher mindfulness state was
observed in theMBI condition comparedwith the control condition
(2.29 ± 1.31 vs. 4.38 ± 1.1, t (16)¼�5.85, P < 0.001, d¼ 1.78). Hence,
the intervention was successful.

3.2. Blood lactate

No significant interaction effect or group effect was observed for
BL. A significant time effect was detected for BL (F(1,19) ¼ 90.81,
P < 0.001, h2

P ¼ 0.85). Specifically, the observed BL reached its
highest level at T1 (after the exercise protocol) compared with
those at T0 (baseline, P < 0.001) and T2 (after the intervention,
P < 0.001). The BL level at T2 was lower than that at T1 (P < 0.001)
but higher than that at T0 (P < 0.001; see Fig. 3).

3.3. Behavioral outcomes

3.3.1. Stroop tasks
For the Stroop (congruent and incongruent conditions) task, no

significant interaction effect was observed for reaction time or ac-
curacy (all P > 0.05, Table 1). A significant time effect was observed
for reaction time in both the congruent and incongruent tasks
(F(1,32) ¼ 8.1, P ¼ 0.008, h2

P ¼ 0.2 for congruent; F(1,32) ¼ 29.34,
P < 0.001, h2

P ¼ 0.48 for incongruent). A significant time effect was
also observed for accuracy in the incongruent task (F(1,32) ¼ 4.85,
P ¼ 0.04, h2

P ¼ 0.13).
Exploring post hoc tests for time effect revealed that the MBI
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condition responded faster at the posttest than at the pretest in
both the congruent (P ¼ 0.04, d ¼ 0.5) and incongruent (P < 0.001,
d ¼ 0.6) tasks. The control condition responded faster at the post-
test than at the pretest in the incongruent task (P¼ 0.008, d¼ 0.43)
but not in the congruent task (P ¼ 0.06, d ¼ 0.38). Additionally, the
accuracy in the incongruent task improved at the posttest relative
to the pretest in the MBI condition (P ¼ 0.046, d ¼ 0.58); however,
this improvement was not observed in the control condition
(P ¼ 0.08, d ¼ 0.63).

3.3.2. Corsi-block tapping task
For the CBT, significant interaction and time effects were

observed for reaction time (F(1,32) ¼ 4.13, P ¼ 0.05, h2
P ¼ 0.11 for

interaction effect; F(1,32) ¼ 5, P ¼ 0.03, h2
P ¼ 0.14 for time effect;

Table 1)). Post hoc tests showed that the participants reacted faster
at the posttest than at the pretest (P ¼ 0.02, d ¼ 0.71) in the MBI
condition, and this improvement was not observed in the control
condition (P ¼ 0.87, d ¼ 0.05). The MBI condition responded faster
than the control condition at posttest, although no statistical dif-
ference was observed (P ¼ 0.37, d ¼ 0.32).

For accuracy, a significant interaction effect was observed
(F(1,32) ¼ 4.26, P ¼ 0.047, h2

P ¼ 0.12). Post hoc tests indicated that
accuracy was higher at the posttest than at the pretest (P ¼ 0.009,
d ¼ 0.58) in the MBI condition but not in the control condition
(P ¼ 0.72, d ¼ 0.11). The MBI condition performed better than
control condition at posttest (P ¼ 0.36, d ¼ 0.39), although no
statistical difference was detected.

3.4. fNIRS outcomes

Regarding the Stroop congruent task, the pretesteposttest dif-
ferences were significant in the control condition (P < 0.05) but not
in the MBI condition. For the incongruent task, no significant
activation was observed in the control condition, but a lower O2Hb
concentration was noted in the MBI condition (P < 0.05) at the
posttest compared with that at the pretest. No significant group
difference was observed for either task at the posttest.

Regarding the CBT, the pretesteposttest differences were



Table 1
Reaction time (ms) and accuracy on Stroop task (Congruent/incongruent) and Corsi block tapping task.

Reaction time Interaction Accuracy Interaction

Control MBI Control MBI

Pre Post Pre Post Pre Post Pre Post

ST
Congruent

806.29±
148.94

753.33±
134.84

926.48±
368.49

787±
165.5*

P ¼ 0.21
h2

P ¼ 0.05
98.74±
2.81

96.22±
5.13

98.74±
2.81

97.48±
4.33

P ¼ 0.5
h2

P ¼ 0.01
ST Incongruent 991.39±

222.92
906.51±
185.36*

1085.53±
285.25

945.45±
189.6*

P ¼ 0.19
h2

P ¼ 0.05
95.29±
7.17

96.91±
3.91

93.82±
5.46

96.76±
4.98*

P ¼ 0.53
h2

P ¼ 0.01
CBT 581.01±

111.91
575.52±
133.18

648.92±
192.22

533.22±
140.98*

P ¼ 0.05
h2

P ¼ 0.11
67.65±
5.00

67.16±
4.63

66.18±
4.63

69.12±
5.72*

P ¼ 0.047
h2

P ¼ 0.12

Note. MBI: Brief mindfulness-based intervention; ST: Stroop task; CBT: Corsi block tapping task.
*P < 0.05 for pretest vs. posttest comparison.
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significant in both the control and MBI conditions (P < 0.05).
Additionally, the MBI condition demonstrated a lower O2Hb con-
centration than did the control condition at the posttest (P < 0.05).
(see Fig. 4).
3.5. Salivary cortisol

Significant interaction and time effects were observed for sali-
vary cortisol (F(1,16) ¼ 10.95, P < 0.01, h2

P ¼ 0.41 for interaction
effect; F(1,16) ¼ 8.14, P ¼ 0.01, h2

P ¼ 0.34 for time effect). Post hoc
tests indicated that the pretesteposttest difference was significant
in theMBI condition (6.82± 2 vs. 4.95± 1.6 mg/dL, P < 0.01, d¼ 1.06)
but not in the control condition (P ¼ 0.96, d ¼ 0.02). Furthermore,
the MBI condition had a lower salivary cortisol concentration than
Fig. 4. Hemodynamic responses (O2Hb) during (a) Stroop congruent/incongruent task and (
observed on (a1) for Control condition during congruent task, (a2) for MBI condition durin
parison for two conditions on posttest was observed on (b3), namely, MBI condition was lo
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did the control condition at the posttest (5.94 ± 1.8 vs. 4.95 ± 1.6 mg/
dL, P ¼ 0.05, d ¼ 0.6). (see Fig. 5).

Cortisol concentration in the MBI condition was associated with
a shorter reaction time in the Stroop congruent task (r ¼ 0.66,
P < 0.01) and in the Stroop incongruent task (r¼ 0.48, P¼ 0.049) at
the posttest. No significant association was observed in the control
condition. No significant association was observed for CBT.
3.6. Mental fatigue

Significant interaction and time effects were observed for
mental fatigue (F(1,16) ¼ 6.67, P ¼ 0.02, h2

P ¼ 0.29 for interaction
effect; F(1,16) ¼ 16.82, P < 0.01, h2

P ¼ 0.51 for time effect). Post hoc
tests indicated that the level of mental fatigue increased
b) Corsi-block tapping task. Within comparison for pre vs. post significant changes was
g incongruent task, (b1) for Control condition, (b2) for MBI condition. Between com-
wer than Control condition. MBI, 6-min mindfulness-based Intervention.



Fig. 5. Salivary cortisol. MBI, 6-min mindfulness-based intervention. *P < 0.05 for
pretest vs. posttest comparison.
#
P <
0.05 for between comparison on posttest.
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significantly in the control condition (2 ± 1.17 vs. 4.53 ± 1.87,
P < 0.001, d¼ 1.67) but not in theMBI condition (P¼ 0.17, d¼ 0.24).
At the posttest, the level of mental fatigue in the MBI conditionwas
lower than that in the control condition (3.24 ± 2.19 vs. 4.53 ± 1.87,
P ¼ 0.04, d ¼ 0.65). (see Fig. 6).
Fig. 6. Mental fatigue. MBI, 6-min mindfulness-based intervention. *P < 0.05 for
pretest vs. posttest comparison.
#
P <
0.05 for between comparison on posttest.
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4. Discussion

This study explored the acute effect of a brief MBI on cognition
and perception after a 45-min simulated, soccer-specific, high-in-
tensity intermittent protocol. The key finding of this study is that
adopting the brief MBI during a simulated half-time break may
potentially benefit athletes' working memory in terms of both re-
action time and accuracy, as the fNIRS results indicated significant
changes in O2Hb concentration within specific brain areas after the
intervention. In addition, the concentration of salivary cortisol and
level of mental fatigue decreased after the MBI compared with
those in the control condition. The decreased cortisol potentially
correlated with inhibition and attention capacity (i.e., ST).

Supplementing to the adequately documented beneficial effects
of prolongedMBI,43 this study provides preliminary evidence of the
acute effect of the brief MBI on cognitive retention and relaxation in
the sports field. As hypothesized, the participants' cognitive per-
formance (i.e., working memory) was improved after receiving the
brief MBI following the exercise protocol, compared with the pre-
test. However, the significant between-group difference at posttest
was not detected. The considerable effect size (d¼ 0.32 for reaction
time and 0.39 for accuracy) and significant change in O2Hb con-
centration indicated a potential effect of brief MBI on cognition.
This finding is in line with a recent study that investigated the
effectiveness of short-term MBIs on attention.14 In the mentioned
study, the MBI group showed a significant improvement in cogni-
tion in the ST, but the study did not include a control group. By
contrast, in the present study, an improvement in the ST (in the
incongruent task) was observed for both the control and MBI
conditions, a finding that extends the previous study's findings. The
varied O2Hb concentration observed in two conditions after the
intervention may be because MBI immediately generated a cogni-
tive control state that specifically influenced focused attention.43

The capability to achieve intentional control of both
biologicalesomatic activities and consciouseunconscious pro-
cesses contributed to the potential positive effects of the MBI on
cognitive retention and relaxation.44

4.1. fNIRS results

Neural activity induced by cognitive processing increases oxy-
gen metabolism, manifesting as a relatively high O2Hb concentra-
tion in specific prefrontal cortex areas.42 In the present study, the
fNIRS results were mixed. Specifically, in the Stroop congruent task,
the O2Hb concentration in the dorsolateral prefrontal cortex
(DLPFC) was higher at the posttest than at the pretest in the control
condition; nevertheless, this increase in concentration was not
observed in the MBI condition. By contrast, in incongruent task, the
O2Hb concentration was lower at the posttest than at the pretest in
the MBI condition. No difference was observed between the control
and MBI conditions in terms of the congruent or incongruent test
results at the posttest. In the Stroop congruent task, the partici-
pants' O2Hb concentration in the DLPFC increased after exercise,
accompanied by improved cognitive function (as indicated by the
behavioral results). This finding is consistent with the results of
previous studies, which have suggested that areas of high neural
activity tend to indicate increased oxygen consumption and
enhanced blood supply that ensures the requisite supply of O2Hb.45

However, the same activation was not observed in the incongruent
task. A possible explanation is that the incongruent task was per-
formed immediately after the congruent task (i.e., less than 15-sec);
thus, the activation level at the beginning of the incongruent task
was somehow biased.

In the CBT task, both the control and MBI conditions exhibited
increased O2Hb concentrations at the posttest than at the pretest,
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indicating that exercise could yield an increase in O2Hb concen-
tration, which is consistent with the Stroop congruent task findings
as well as the findings of Ichinose et al.45 However, the O2Hb
concentration observed in theMBI conditionwas lower than that in
the control condition at the posttest. Furthermore, a potentially
improved cognitive performancewas revealed in theMBI condition
compared with the control condition in the posttest. These results
are not consistent with our hypothesis. Specifically, improved
cognitive performance may not be accompanied by a higher O2Hb
concentration in the prefrontal cortex. Previous studies have re-
ported similar findings. For example, Ando et al.46 observed that
participants' reaction time (i.e., in a flanker task) was shorter after
60% VO2max exercise compared with that at the pretest, but the
participants' behavioral results were not accompanied by a cerebral
oxygenation change. Ferreri et al.47 conducted a non-sport study
involving a music-based intervention and observed that improved
cognitive performance (i.e., verbal memory) was associated with a
decreased O2Hb concentration in the DLPFC. In addition, Ram-
asubbu et al.48 noted that participants treated with a central ner-
vous system drug (i.e., methylphenidate) exhibited superior
working memory (i.e., N-back task) along with a reduced O2Hb
concentration in the prefrontal cortex. According to Tomasi et al.,49

the inconsistency may be explained by the task-dependent balance
of activation and deactivation that maximizes the activated brain
network resources.

Another potential explanation for observed inconsistency is
cerebral blood flow (CBF), which plays a critical role in cognitive
performance.50 In the present study, the fNIRS results were
different among cognitive tasks, whichmay be caused by the varied
CBF across tasks.49 According to the cardiovascular hypothesis, a
higher cardiac output (i.e., heart rate [HR]) typically results in
higher CBF, implying that a higher cardiovascular work rate posi-
tively influences cognitive performance.51 However, higher HR
does not always result in higher cognitive performance. According
to Wang et al.,52 cognition is impaired during high-intensity exer-
cise (80% HRmax) but not during moderate- (50% HRmax) to low-
intensity (30% HRmax) exercise. Similarly, Soga et al.53 reported
that working memory accuracy decreased during a continuous 70%
HRmax exercise session. However, HR was not monitored during the
cognitive function tasks in the present study. Future studies should
consider doing so to confirm this possible explanation.

The inconsistency between cognitive performance and O2Hb
concentration in the present study suggests that improved cogni-
tive function may not be directly related to increased cerebral
oxygenation. Brain neurotransmitters modulator, such as brain-
derived neurotrophic factor (BDNF), potentially influence cogni-
tive performance. BDNF is a growth factor that stimulates neural
plasticity and synaptic growth and transmission; it enhanced
cognition due to its upregulation and role in angiogenesis.54 A
previous meta-review suggested that MBIs could effectively in-
crease BDNF expression.55 Therefore, future research may consider
investigating this biomarker.

4.2. Salivary cortisol

Existing evidence confirms the acute positive effects of MBI on
salivary cortisol concentration reduction.56 In the sports field,
Macdonald and Minahan57 observed that an 8 weeks MBI attenu-
ated the increase in salivary cortisol concentrations induced by
competition. John et al.58 conducted a 4 weeksMBI program among
shooters and revealed a reduction in cortisol concentrations
immediately before competition. The present study suggests that
brief MBIs during half-time breaks might also benefit cortisol
modulation.
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In the present study, the reduced cortisol concentration in the
MBI condition was associated with a shorter reaction time in the
Stroop congruent and incongruent tasks at the posttest, which is
consistent with Lee et al.,59 who suggested that higher cortisol
concentrations are associated with worsening cognition. In
competitive sports, cortisol is viewed as an indicator of psycho-
logical stressors that may influence an athlete's performance60,61;
hence, an MBI may reduce the negative effect of stress on sports
performance by attenuating cortisol concentrations in athletes.

4.3. Mental fatigue

The present findings suggest that a brief MBI is beneficial in
relieving adverse psychological statuses such as mental fatigue.
This is essential becausemental fatigue could impair soccer-specific
decision-making accuracy and response time.62 An accepting mood
and relaxed breathing among brief MBI participants may influence
the biological system, thus regulating the onset of mental fatigue.44

A neuroimaging review study indicated that during an MBI, the
subgenual and adjacent ventral anterior cingulate cortex were
activated, controlling parasympathetic activity.63 Decreased para-
sympathetic activity was reported to induce sympathetic hyper-
activity associatedwithmental fatigue that is induced by prolonged
cognitive load.64 Therefore, the elevated activation of para-
sympathetic activity may benefit mental fatigue recovery. Chen
et al. reported that an MBI could modulate brain activities in
multiple emotion-processing systems, contributing to the regula-
tion of mental fatigue.65 Coimbra et al.66 observed that an MBI
effectively attenuated the mental fatigue caused by competition in
volleyball athletes. Therefore, adopting an MBI to curb mental fa-
tigue appears feasible.

This study has several limitations. First, we included only male
athletes. The lack of female athletes may limit the generalizability
of the results. Future studies should consider involving female
participants. Second, our findings were obtained in the context of a
lab-based soccer match simulation. The nature of lab-based ex-
periments may differ from actual competition, influencing athletes'
psychological status differently. Future studies should be con-
ducted in a real game situation. Third, athlete HR was not moni-
tored during cognitive function tasks. Given that HR may impact
cognitive performance, future research should involve HR moni-
toring (or cardiovascular index) during cognitive tasks. Fourth, the
failure of detecting a significant group difference in working
memory at posttest may be because the sample size was relatively
small.67 A larger sample size should be adopted in future studies.
Fifth, the VAS measured mental fatigue may be confounded by
several response biases, given that the method has been adopted in
various soccer-specific mental fatigue studies.68 Further studies
may benefit from combining objective measures to assess psy-
chophysiological (e.g., galvanic skin response) responses to mental
fatigue. Sixth, changes in extracerebral oxygenation may lead to
false positive or false negative results in fNIRS detection after ex-
ercise.69 The additional short channels to monitor extracerebral
oxygenation changes is warranted,69 but due to the nature of de-
vice, the procedure was not performed in the current study.

5. Conclusion

In conclusion, the potential beneficial effects of brief MBI on
cognitive performance (i.e., working memory) were preliminarily
detected, and the hemodynamic responses in prefrontal brain area
partially interpret the changes in cognitive function. The present
study also provided evidence for the acute beneficial effects of brief
MBI on mental fatigue and cortisol concentration during the half-
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time period in a simulated soccer protocol. More efforts are still
needed in future investigations to clarify the benefits of MBI on
cognitive function in soccer players.
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