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This research aims to investigate whether slow-paced breathing (SPB) improves
adaptation to psychological stress, and specifically inhibition, when it is performed
before or after physical exertion (PE). According to the resonance model, SPB is
expected to increase cardiac vagal activity (CVA). Further, according to the neurovisceral
integration model, CVA is positively linked to executive cognitive performance, and
would thus play a role in the adaptation to psychological stress. We hypothesized
that SPB, in comparison to a control condition, will induce a better adaptation to
psychological stress, measured via better inhibitory performance. Two within-subject
experiments were conducted with athletes: in the first experiment (N = 60) SPB
(or control – neutral TV documentary) was realized before PE (“relax before PE”), and in
the second experiment (N = 60) SPB (or the watching TV control) was realized after PE
(“relax after PE”). PE consisted of 5 min Burpees, a physical exercise involving the whole
body. In both experiments the adaptation to psychological stress was investigated with
a Stroop task, a measure of inhibition, which followed PE. Perceived stress increased
during PE (partial η2 = 0.63) and during the Stroop task (partial η2 = 0.08), and
decreased during relaxation (partial η2 = 0.15), however, no effect of condition was
found. At the physiological level PE significantly increased HR, RF, and decreased CVA
[operationalized in this research via the root mean square of successive differences
(RMSSD)] in both experiments. Further, the number of errors in the incongruent
category (Stroop interference accuracy) was found to be lower in the SPB condition
in comparison to the control condition, however, these results were not mediated by
RMSSD. Additionally, the Stroop interference [reaction times (RTs)] was found to be
lower overall in “relax before PE,” however, no effect was found regarding SPB and
Stroop interference (RTs). Overall, our results suggest that SPB realized before or after
PE has a positive effect regarding adaptation to psychological stress and specifically
inhibition, however, the underlying mechanisms require further investigation.
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INTRODUCTION

Executive functions underpin goal-directed behavior and are
essential for self-control (Miyake et al., 2000; Diamond, 2013;
Kotabe and Hofmann, 2015). Executive functions may be
hindered by factors such as stress (e.g., Arnsten, 2009), fatigue
(Kurzban et al., 2013; Inzlicht et al., 2014; Schmit and Brisswalter,
2018), and pressure (e.g., Laborde et al., 2014). The aim of this
paper is to investigate the influence of a relaxation method [slow-
paced breathing (SPB)], to prevent inhibition failure during
psychological stress following physical exertion (PE).

Several neurological mechanisms have been identified in the
literature to explain the influence of perceived stress (PS; e.g.,
Archer et al., 2018), mental fatigue (e.g., Guo et al., 2018) or
physical fatigue (e.g., Tanaka et al., 2013) on inhibition failure.
In this research, we focus on the role of the autonomic nervous
system, and more specifically of its parasympathetic branch.
The neurovisceral integration model (Thayer et al., 2009; Smith
et al., 2017) assumes that similar structures are involved in the
regulation of executive performance and cardiac functioning.
The functional organization of these structures is depicted by
the central autonomic network (Benarroch, 1993), the output
of this network being cardiac vagal activity (CVA), the activity
of the vagus nerve which regulates cardiac functioning (Thayer
et al., 2009; Laborde et al., 2017b). Based on this functional
organization, the neurovisceral integration model (Thayer et al.,
2009; Smith et al., 2017) assumes that the effectiveness of
the central autonomic network is reflected in CVA and can
be indexed via heart rate variability (HRV), the time interval
between adjacent heartbeats (Malik, 1996; Berntson et al., 1997).
Specifically, the neurovisceral integration model assumes that
a higher resting CVA is linked to better executive functioning
(Wendt et al., 2015; Albinet et al., 2016; Spangler and Friedman,
2017; Spangler et al., 2018). In this paper, we operationalize CVA
with the RMSSD (Malik, 1996; Berntson et al., 1997), which
has been found to be less affected by respiratory influences
than other HRV variables suggested to index CVA (Hill et al.,
2009). Given that CVA reflects self-regulation and higher levels of
CVA promote better executive performance (Thayer et al., 2009),
it serves as a valuable measure when assessing performance under
both physiological and psychological stress.

Psychological stress occurs when an individual perceives
that personal or environmental demands tax or exceed his
or her adaptive abilities (Lazarus and Folkman, 1984). Even
if psychological stress can be considered as an idiosyncratic
phenomena, given it will differ across individuals and situations,
a common method of inducing stress is using tasks taxing
executive functions. In addition, putting an emphasis on
performing well helps to represent a situation which differs
markedly from resting states in terms of psychological demands
placed on the individual. For example, the Color Word
Stroop Test (CWST; Stroop, 1935), a classical cognitive test to
investigate inhibition (Diamond, 2013), has been used to create
psychological stress (e.g., Vazan et al., 2017), and was found
to increase biological markers of stress (e.g., Brugnera et al.,
2018). In the CWST, an inhibitory interference occurs when
the processing of a stimulus feature affects the simultaneous

processing of another attribute of the same stimulus (Stroop,
1935). Many variations exist, but the basic experimental
paradigm depicted in the CWST is the use of color words printed
either in the same color for the congruent category (for example,
“BLUE” printed in blue color) or in a different color for the
incongruent category (for example, “BLUE” printed in red). The
participant has then to name the color in which the word is
printed. The accuracy (number of errors) and reaction times
(RTs) are measured to investigate the Stroop test performance
(Stroop, 1935; Scarpina and Tagini, 2017). Better performance
in this test reflects better inhibitory control which directly
reflects the processing of incongruent stimuli in comparison
to congruent stimuli. This differential processing constitutes
the basis of the so-called Stroop interference, although a high
heterogeneity to calculate the Stroop interference is reported in
the literature (Scarpina and Tagini, 2017). Inhibition is primarily
displayed by the error rate (accuracy) (McDowd et al., 1995),
which represents as well an index of the ability to maintain the
task’s goal temporarily in a highly retrievable state (Kane and
Engle, 2003). Assessing RTs may also be useful to uncover other
processes linked to inhibition (Scarpina and Tagini, 2017).

The CWST and its variations (which we refer to thereafter
as “Stroop tests”) have already been investigated with HRV
(Hoshikawa and Yamamoto, 1997; Prinsloo et al., 2011; Satish
et al., 2015; Subramanya and Telles, 2015; Vazan et al., 2017;
Zeki Al Hazzouri et al., 2017), however, only limited studies
exist examining Stroop performance related to CVA (Johnsen
et al., 2003; Subramanya and Telles, 2015; Albinet et al., 2016).
In several studies, the Stroop test has been used with the
mere purpose to create psychological stress (Hoshikawa and
Yamamoto, 1997; Satish et al., 2015; Vazan et al., 2017), and no
link with inhibition performance has been established. In other
studies, although Stroop performance has been investigated with
HRV, it has not been directly related to CVA indices (Prinsloo
et al., 2011; Zeki Al Hazzouri et al., 2017). Among the studies
linking Stroop performance and CVA, Johnsen et al. (2003)
found that patients with dental fear having a higher resting
CVA had shorter RTs to the incongruent color words and to
the threat words compared to patients with lower resting CVA.
However, Stroop interference accuracy (number of errors) was
not measured, which does not provide a holistic representation
of inhibition (McDowd et al., 1995). Albinet et al. (2016) showed
that CVA improvements linked to a 5-months aquaerobics
training program in older adults were linked to improvements
on the Stroop interference accuracy (lower number of errors).
Those two studies would be in line with the assumptions of
the neurovisceral integration model (Thayer et al., 2009). On
the contrary, Subramanya and Telles (2015) found that Stroop
performance was better (less errors in the incongruent condition)
with a decrease in high-frequency HRV, which usually depicts
CVA when breathing patterns are comprised between 9 and
24 (Berntson et al., 1997), and increases in low-frequency
HRV. However, these results were observed following a cyclic
meditation condition involving slow body movements and slow
breathing patterns, so there may have been some confounding
effects of the experimental manipulation, and we can also
speculate that in this case low-frequency HRV may have been
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mainly vagally driven. In summary, limited studies have linked
Stroop performance to CVA, investigating either only RTs or
accuracy (number of errors). Our research aims to address this
gap and link CVA to both Stroop performance RTs and accuracy
(number of errors).

When considering the effects of PE on Stroop performance,
one should distinguish the timing of the Stroop test. During
exercise cognitive performance is usually impaired and improves
after exercise (Lambourne and Tomporowski, 2010), unless
exhaustion is reached (Schmit et al., 2015). After acute exercise,
RT on the Stroop interference is shorter after PE in comparison to
a resting control condition (Alves et al., 2012), or in comparison
to before PE (Johnson et al., 2016), regardless of the fitness level of
the participants (Chang et al., 2014). Improvements on the Stroop
interference accuracy (number of correct answers) after acute
exercise were found (Peruyero et al., 2017), however, some mixed
findings were also reported (Vincent and Hall, 2017). Improved
cognitive performance after acute exercise is usually linked to an
increase in physiological arousal (Chang et al., 2014). In line with
the inverted-U hypothesis, moderate arousal is linked to optimal
cognitive performance, while if arousal levels are either too low
or too high cognitive performance is impaired (Ploughman,
2008; Kashihara et al., 2009). Acute effects of physical activity
on Stroop performance are explained in particular via increased
brain-derived neurotrophic factor (Griffin et al., 2011) and brain
activation in the left dorsolateral prefrontal cortex (Yanagisawa
et al., 2010), but do not seem to be related to changes in cerebral
blood flow (Ogoh et al., 2014). At present, we are not aware of any
research linking acute physical fatigue, Stroop performance, and
CVA, and our research aims to address this gap.

Physical exertion will induce a drop in CVA, due to
the activation of the sympathetic nervous system and the
inhibition of the parasympathetic nervous system (Goldsmith
et al., 2000; Iellamo, 2001; Winsley, 2002; Aubert et al., 2003;
Stanley et al., 2013; Michael et al., 2017). Stopping PE induces
a parasympathetic reactivation, which speed and magnitude
depends on the fitness level of the individual (Stanley et al.,
2013; Romero et al., 2017). If we follow the assumptions of the
neurovisceral integration model (Thayer et al., 2009), the fact
cognitive performance is decreased during exercise but improved
after exercise (Lambourne and Tomporowski, 2010) may be
linked to the parasympathetic deactivation observed during PE
and reactivation after PE. Importantly, it may be possible to
influence the speed and magnitude of CVA recovery after PE via
specific strategies. Indeed, many factors were found to influence
CVA (Laborde et al., 2018b), and some of them will be particularly
adapted for athletes (Laborde et al., 2018c). Among those, we
focus in this research on SPB.

Slow-paced breathing is a breathing technique with controlled
inhalation and exhalation times (“paced”), realized at a slower
pace, around 6 cycles per minute (cpm) than spontaneous
breathing, which is usually comprised between 12 and 20 cpm
in adults (Sherwood, 2006; Tortora and Derrickson, 2014). The
pacing is usually realized via a visual, audio, or kinesthetic pacer
(e.g., Allen and Friedman, 2012). According to the resonance
model (Lehrer and Gevirtz, 2014), four processes play a role
to understand the effects of SPB at 6 cpm: (1) the phase

relationship between heart rate (HR) oscillations and breathing
at 6 cpm; (2) the phase relationship between HR and blood
pressure oscillations at 6 cpm; (3) the activity of the baroreflex;
and (4) the resonance characteristics of the cardiovascular
system. Combined, those processes are expected to strengthen
homeostasis in the baroreceptor (Vaschillo et al., 2002, 2006;
Lehrer et al., 2006), which results in improving gas exchanges
at the level of alveoli and in increasing vagal afferences (Lehrer
and Gevirtz, 2014). Evidence has already been found for both
acute (Laborde et al., 2017a) and chronic (Laborde et al.,
2019) increases in CVA (i.e., vagal efferent activity) following
SPB interventions.

Slow-paced breathing has already been shown to improve
cognitive functioning, with inhibition and working memory
(Prinsloo et al., 2011). Prinsloo et al. (2011) investigated
a modified Stroop test, combining the classical inhibition
component (i.e., naming the ink in which a word corresponding
to another color is printed) to a working memory component,
asking participants to remember how many control white squares
appeared on the screen. Participants were allocated either to a
SPB condition with biofeedback (seeing live the effects of SPB
on their HRV via a device) or to a control condition where
they were breathing spontaneously, for 10 min. Results showed
no differences between conditions on the Stroop test inhibition
component (number of errors), however, the working memory
performance of the SPB group was better when compared to
the control group. Limitations of this study were a reduced
sample size (N = 18 in a between-subjects design), the fact that
inhibition and working memory were mixed in the modified
Stroop test, which did not allow for drawing clear conclusions
about the specific executive functions targeted, and finally the link
between Stroop performance and CVA was not investigated. To
conclude, research investigating the effects of SPB on inhibition
is still required.

In summary, based on the research gaps identified in the
literature, the aim of this research was to investigate the influence
of a short-term SPB technique (in comparison to a watching
TV control condition) on adaptation to psychological stress
characterized via inhibition performance, before (Experiment 1)
and after (Experiment 2) PE. The overall research was conceived
as a mixed-model design, both experiments were conducted as
within-subject designs (i.e., meaning participants take part in
both the SPB and the control conditions of the same experiment),
however, participants of Experiment 1 were not participating
to Experiment 2, corresponding to the between-subject part.
The within-subject part is always recommended in experiments
involving HRV to limit inter-individual differences (Quintana
and Heathers, 2014; Laborde et al., 2017b), however, given
participating in four experimental sessions may have created
some habituation effect, we split our research in two experiments,
so that each participant was participating to two experimental
sessions. At the subjective level, we expected PE and the CWST
to increase the level of PS given both activities may lead the
individual to perceive that demands of the task tax or exceed
current adaptive abilities, while the relaxation moment would
decrease the level of PS (Lazarus and Folkman, 1984; Lehrer and
Gevirtz, 2014; Conway and Rubin, 2016). Further, we expected
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the SPB condition to show larger effect sizes than the control
condition, based on its relaxing effects (Lehrer and Gevirtz, 2014).
Further, at the physiological level, we expect PE to increase
HR and RF and decrease RMSSD, reflecting cardiovascular and
respiratory adaptations to acute exercise (Stanley et al., 2013).
Regarding our main hypothesis, based on the neurovisceral
integration model (Thayer et al., 2009) and on the resonance
model (Lehrer and Gevirtz, 2014), we hypothesize that in both
experiments, SPB will improve inhibition (Stroop interference) in
terms of accuracy (number of errors) and RTs. The improvement
in Stroop interference will be mediated by resting RMSSD before
starting the Stroop test.

MATERIALS AND METHODS

Participants
In order to determine our sample size, we utilized previous
research combining SPB and inhibition (Prinsloo et al., 2011).
The study of Prinsloo et al. (2011) did not find any effect of SPB
on inhibition and was likely underpowered (N = 18 for a between-
subject design).1 Based on this previous work, we computed an
a priori power analysis with G∗Power (Faul et al., 2007) based
on a small effect size, for a repeated-measures ANOVA with a
within-between interaction, with a power of 0.80 and an alpha
level of 0.05, which gave us a total sample size of 120. A total of
N = 60 participants (35 men, 25 women, mean age = 25.57 years
old, age range = 19–40, BMI: M = 23.62, SD = 2.52) took part in
Experiment 1, where the relaxation condition (SPB vs. watching
TV control) was realized before physical PE. We refer thereafter
to this first experiment as “relax before PE.” Similarly, a total
of N = 60 participants took part in Experiment 2 (38 men, 22
women, Mean age = 24.87 years old, age range = 18–41, BMI:
M = 22.86, SD = 2.29), where the relaxation condition (SPB vs.
watching TV control) was realized after PE. We refer thereafter
to this second experiment as “relax after PE.” Exclusion criteria
were self-reported cardiovascular diseases, and other chronic
diseases that might influence breathing or HR patterns, such as
asthma, diabetes, psychiatric, and neurological diseases (Laborde
et al., 2017b) or being color-blind, making them ineligible to
complete the CWST. Participants were students at the German
Sport University. The protocol of the study was approved by the
Ethics committee of the German Sport University (N◦ 175/2016).

Material and Measures
Cardiac Vagal Activity
Cardiac vagal activity was operationalized via HRV and more
specifically with RMSSD. An electrocardiography (ECG) device
(Faros 180◦, Mega Electronics, Kuopio, Finland) was used during
the experiment to assess HRV, with a sampling rate of 500 Hz. We
used two disposable ECG pre-gelled electrodes (Ambu L-00-S/25,
Ambu GmbH, Bad Nauheim, Germany). The negative electrode
was placed in the right infraclavicular fossa (just below the right

1No precise a posteriori power calculation could be performed, given exact
descriptive statistics related to Stroop accuracy could not be extracted from
the study.

clavicle) while the positive electrode was placed on the left side
of the chest, below the pectoral muscle in the left anterior axillary
line. The Faros device was taped to the participants’ chest in order
to avoid moving too much while the participant was performing
PE. From ECG recordings we extracted RMSSD with Kubios©

(University of Eastern Finland, Kuopio, Finland). The full ECG
recording was inspected visually, and artifacts were corrected
manually (Laborde et al., 2017b). As recommended by Laborde
et al. (2017b), respiratory frequency (RF) was also taken into
account. RF was computed via the ECG derived respiration
algorithm of Kubios© (Tarvainen et al., 2014).

Perceived Stress
A visual analog scale (VAS) was used to measure PS (Lesage
and Berjot, 2011). Participants were asked “How stressed do you
feel right now?” and they responded by marking a cross on a
100 mm line with two anchors (“not at all stressed” to “very
much stressed”).

Physical Exertion – Burpees
Physical exertion was achieved with a modified version of the
Burpee test (Podstawski et al., 2013). The Burpee test was named
after the American physiologist Royal H. Burpee (1940), and was
originally designed to measure agility and coordination. Burpees
are physical exercises involving the whole body and requires no
additional equipment. The following version of the Burpee was
performed,2 with these instructions: (1) start from a standing
position; (2) bend over and place both hands firmly on the ground
in front of the feet; (3) kick (or step) both feet back into a push-
up position and lower the entire body to the ground (this is not
a push-up); (4) the chest and thighs need to make full contact
with the ground; (5) then extend the arms, lifting the chest and
jump (or step) both feet in toward the chest; and (6) stand,
jump (opening the hips fully), and clap hands behind the head
while in the air.

Slow-Paced Breathing
Similar to previous research (Laborde et al., 2017a), the SPB
exercise was conducted with a video showing a little ball moving
up and down at the rate of 6 cpm. Participants having to inhale
continuously through the nose while the ball was going up, and
exhale continuously with pursed lips when the ball was going
down. The video used was the same used in Laborde et al. (2017a),
displaying a 3 × 5-min SPB exercise, with a 1-min break between
each unit, corresponding to a total of 17-min. Exhalation (5.5 s)
was slightly longer than inhalation (4.5 s), because a prolonged
exhalation contributed to larger beat-to-beat heart fluctuations
compared to prolonged inhalation, and therefore induce higher
CVA (Strauss-Blasche et al., 2000).

TV Neutral Documentary
The control condition (CON) used a TV documentary about
world travel destinations, this was shown to the participants
for the same duration as the SPB exercise (17 min). This TV
documentary was found to be subjectively emotionally neutral in
a previous pilot study.

2https://www.youtube.com/watch?v=X60BcsO_wE (retrieved on April 3, 2019).
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FIGURE 1 | Experimental protocol. “Relax before PE”: experiment in which the relaxation moment (either slow-paced breathing or watching the TV documentary)
took place before the 5 min Burpees exercise; “Relax after PE”: experiment in which the relaxation moment (either slow-paced breathing or watching the TV
documentary) took place after the 5 min Burpees exercise. For the manipulation check of the Burpee exercise, “PRE” refers to the 5 min resting measure realized
before PE (so resting measure 1 for “relax before PE” and resting measure 2 for “relax after PE”), while “POST” refers to the 5 min resting measure realized after PE
(so resting measure 2 for “relax before PE” and resting measure 3 for “relax after PE”). VAS: Visual Analog Scale (perceived stress).

Inhibition Performance (Measured With the Stroop
Interference)
We used the computerized version of the CWST with verbal
responding available in the Inquisit library,3 and ran this with
the Inquisit software (Inquisit 5 [Computer Software], 2016).
We used a 15-in. flat-screen monitor (1,280 × 960 pixels at
60 Hz) at a viewing distance of 60 cm. Words appeared in
28-pt Arial font in the middle of a white screen. Three types of
stimuli were used: colored square (congruent control stimuli),
colored words displayed with the color corresponding to the
word (congruent stimuli, for example the word “green” is
displayed in the color green), and colored words displayed with
an inconsistent color (incongruent stimuli, for example the word
“green” is displayed in the color red). Participants were asked
to name the color in which the word was written as fast and
as accurately as possible, while ignoring the written meaning of
the word. A headset mounted microphone recorded the verbal
answers. A familiarization was realized with 20 trials. For the
test, participants completed 84 trials (4 colors – red, green, blue,
black) × 3 color stimulus congruency (congruent, incongruent,
control squares) × 7 repetitions = 84 trials. Stimuli stayed on
screen until response, latencies were measured from onset of
stimuli. The intertrial interval was of 200 ms, and the error
feedback (a red cross) of 400 ms.

Procedure
Participants were recruited via flyers on the campus of the local
University and via posts on social networks groups linked to the
local University. For each experiment, there were two testing
sessions involved (lasting around 90 min each, see Figure 1 for
full description). The experimental order of the sessions was
counterbalanced. The two sessions were separated by 1 week, to

3https://www.millisecond.com/download/library/stroop/ (retrieved on April 3,
2019).

keep learning effects to a minimum, and took place at the same
time of the day, given this parameter may influence HRV (van
Eekelen et al., 2004) and performance (Folkard, 1990; Laborde
et al., 2018a). Participants were either taking part in Experiment 1
or Experiment 2, they could not participate to both. They were
asked to wear sports clothes to take part in the experiment. Prior
to the testing sessions, participants were instructed not to drink
or eat anything but water during the 2 h before the experiment,
or take part in any strenuous exercise or drink alcohol for the
24 h prior testing (Laborde et al., 2017b). Both experiments
were the same in their conception, the only aspect that differed
was whether the relaxation moment was taking place before
(Experiment 1) or after (Experiment 2) PE.

Upon arrival to the laboratory, participants were asked to fill
out an informed consent form and a demographic questionnaire
regarding variables potentially influencing HRV (Laborde et al.,
2017b). At the beginning of the SPB condition, participants
also received a short video introduction on how to perform the
technique correctly, which was checked by the experimenter.
Then participants were asked to perform a warm up4 for 4 min
involving squats, lunges, leg swings, jumping jacks, press up’s,
and squat thrusts. The warm up was chosen in agreement with an
expert strength and conditioning coach from the German Sport
University who was part of the research team. To prepare the
PE (5 min Burpees exercise), participants had to perform five
trials Burpees, so that the experimenter could check whether they
were performed correctly. Then participants had to do a maximal
Burpees test for 1 min, with the instruction to perform as many
technically correct Burpees as they could. We then calculated 70%
of this maximal number, and this gave the number of Burpees for
the participants to realize during the 5 min Burpees exercise. For
example, if the participant performed a maximal number of 20

4https://www.youtube.com/watch?v=HDfvWrGUkC8 (retrieved on April 3,
2019).
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Burpees, 70% × 20 = 14, for the 5 min Burpees exercise he/she
would have then to perform 14 Burpees each minute for 5 min.
During the 5 min Burpees exercise, the realization of the Burpees
was paced by the experimenter, giving a signal as a time marker
to perform each Burpee, so the participant could better distribute
his/her effort along the 5 min. The value of 70% was chosen
based on a pilot study realized with 10 participants, where 70%
was found to be an achievable compromise between achievability
and degree of exhaustion, which had to be higher than 17 on the
Borg Scale of Perceived Exertion (Borg, 1982). The 1 min Burpees
maximal test was realized at the beginning of each session, given
we wanted to account for potential differences in daily fitness
level. The number of Burpees to be realized during the 5 min
Burpees exercise was then based on the maximal number of
Burpees achieved during the 1 min Burpees test at the beginning
of the same session.

The relaxation task (either SPB or watching TV control) was
placed either before (Experiment 1) or after (Experiment 2) PE.
Finally participants had to perform the Stroop test, that lasted
between 4 and 5 min. Between each block of the sessions, a HRV
resting measure of 5 min was taken, based on the Task Force
recommendation (Malik, 1996). HR and RF were derived from
this HRV measurement. The HRV resting measure was realized
in a sitting position with eyes closed, knees at 90◦, hands on the
thighs. At the end of the second testing session, participants were
debriefed and thanked.

Data Analysis
Due to technical problems, the ECG data of the last 13
participants of Experiment 2 were lost, therefore the sample
size of Experiment 2 was reduced to N = 47. Regarding the
HRV data, RMSSD was extracted from the Kubios output. RF
(respiratory cycles per minute) was calculated multiplying the
EDR (ECG derived respiration) value obtained via the Kubios
algorithm by 60.

For the Stroop test, the number of incorrect answers was
retrieved for the congruent colored squares, as well as for the
congruent and incongruent stimuli. Regarding response times,
we analyzed only those of the correct answers. Then we used two
filters (see Lautenbach et al., 2016). In the first filter, trials with
response times lower than 200 ms and higher than 3000 ms were
excluded in order to account for extreme results (see Putman and
Berling, 2011). The second filter then screened for RTs higher or
lower than two standard deviations from the mean, which were
also removed to account for outliers (see Dresler et al., 2009).

The VAS data and the Stroop performance data were normally
distributed and homoscedastic. The physiological data (HRV, HR,
RF) were not normally distributed, thus a log-transform (Log 10)
was used to achieve normal distribution (Laborde et al., 2017b),
and data were homoscedastic. Regarding the physiological data,
we ran the analyses with the log-transformed values, however, we
indicate as descriptive values the raw data, given they make more
sense for the reader. For RMSSD, we controlled as well for the
influence of covariates that have been linked to variations in CVA,
such as RF, age, gender, smoking status, and BMI.

For the manipulation check related to PS, we ran three
successive repeated-measures ANOVA for the relaxation
technique, the 5 min Burpees exercise, and the Stroop task.

We had time (before vs. after), condition (SPB vs. CON) as
within-subject independent variable, and relaxation moment
(“relax before PE” or “relax after PE”) as between-subject
independent variable.

For the physiological manipulation check related to the 5 min
Burpees exercise, “PRE” refers to the 5 min resting measure
realized before PE (so resting measure 1 for “relax before PE” and
resting measure 2 for “relax after PE”), while “POST” refers to the
5 min resting measure realized after PE (so resting measure 2 for
“relax before PE” and resting measure 3 for “relax after PE”). As
manipulation check, we wanted to ensure that PE was leading to
physiological changes usually seen with acute exercise, meaning
we expected a main effect of time (“PRE PE” vs. “POST PE”) on
HR (increase), RMSSD (decrease), and RF (increase), based on
classical cardiorespiratory effects observed with PE (Stanley et al.,
2013; Menz et al., 2016; Mlynczak and Krysztofiak, 2019). We
investigated this manipulation check hypothesis running three
repeated-measures ANOVA, with condition (SPB vs. CON), time
(PRE vs. POST) as within-subject independent variables and
relaxation moment (“relax before PE” or “relax after PE”) as
between-subject independent variables, with HR, RF, and RMSSD
as dependent variables. Regarding RMSSD, in order to control for
the potential effect of covariates, a linear mixed model analysis
was conducted with age, gender, smoking status, BMI, and RF
as covariates. The linear mixed model analysis allows to take
into account time-varying covariates, in this case RF, which is
not possible with the linear general model repeated-measures
analysis module of SPSS. Given our hypothesis related to the
manipulation check concerned only the main effect of time,
we only report this result for clarity matters. Further, in order
to ensure that changes are not due to a different amount of
Burpees realized, the number of Burpees performed during the
5 min Burpees exercise will be checked via a repeated-measures
ANOVA, with condition (SPB vs. CON) as within-subject
independent variable and relaxation moment (“relax before PE”
or “relax after PE”) as between-subject independent variable.

Regarding our main working hypothesis, we ran a repeated-
measures ANOVA with condition (SPB vs. CON) as within-
subject independent variable, and relaxation moment (“relax
before PE” or “relax after PE”) as between-subject independent
variable. Errors (error rate to incongruent stimuli, reflecting
Stroop interference accuracy) and RTs (incongruent stimuli-
congruent stimuli) were used as dependent variables for the
Stroop interference, and RMSSD to infer CVA. Regarding errors
in the Stroop task, we decided not to take into account errors
made with congruent stimuli in the calculation, given they were
none. Interactions were investigated with further t-tests either
paired or independent according to the analysis, with Bonferroni
correction regarding the significance level. Regarding RMSSD,
similar to the previous analysis related to PE, a linear mixed
model analysis was further conducted with age, gender, smoking
status, BMI, and RF as covariates.

Finally, in case a significant effect of SPB on Stroop
interference (errors and/or RTs) was found, potential mediation
via RMSSD was performed via the PROCESS 3.3 dialog box
developed by Hayes (2013). This custom dialog tests the total,
direct, and indirect effect of an independent variable on a
dependent variable through a proposed mediator and allows
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FIGURE 2 | (A,B) Perceived stress in “Relax before PE.” SPB: slow-paced breathing; 5 min Burpees: 5 min Burpees exercise; Stroop: Color Word Stroop Test;
“Relax before PE”: Experiment in which the relaxation moment (either slow-paced breathing or watching the TV documentary) took place before the 5 min Burpees
exercise; “Relax after PE”: Experiment in which the relaxation moment (either slow-paced breathing or watching the TV documentary) took place after the 5 min
Burpees exercise.

inferences regarding indirect effects using percentile bootstrap
confidence intervals.

RESULTS

The full dataset is available in Supplementary Material.

Perceived Stress Manipulation Check
See Figures 2A,B for full descriptive statistics about PS.

Relaxation (SPB vs. Watching TV)
Greenhouse-Geisser correction was applied for the tests.
Regarding PS before and after the relaxation moment, no main
effect of condition was found, F(1,105) = 1.708, p = 0.187, partial
η2 = 0.02. No interaction condition × relaxation moment was
found, F(1,105) = 0.743, p = 0.391, partial η2 = 0. A main effect of
time was found, F(1,105) = 17.808, p< 0.001, partial η2 = 0.15. PS
before the relaxation was higher (M = 1.72; SD = 1.57) than after
the relaxation (M = 1.45; SD = 1.26), t(106) = 3.111, p = 0.002;
Cohen’s d = 0.19. An interaction effect time × relaxation moment
was found, F(1,105) = 9.108, p = 0.003, partial η2 = 0.08. Further
post hoc t-tests were run: they showed no significant difference for
PS in “Relax before PE” being higher before (M = 1.32; SD = 1.31)
than after (M = 1.18; SD = 1.19) the relaxation, t(59) = 1.359,
p = 0.179; Cohen’s d = 0.12. A significant difference was found for
PS being lower before relaxation in “relax before PE” (M = 0.90,
SD = 0.95) in comparison to before relaxation in “relax after PE”
(M = 2.22, SD = 1.73), t(46) = 5.426, p < 0.001; Cohen’s d = 0.96.
PS was significantly lower after relaxation in “relax before PE”
(M = 0.79, SD = 0.77) in comparison to in “relax after PE”
(M = 1.79, SD = 1.29), t(46) = 6.795, p < 0.001; Cohen’s d = 0.95.
In “relax after PE,” PS was significantly lower after (M = 1.79,
SD = 1.29) than before (M = 2.22, SD = 1.73) relaxation,
t(46) = 3.042, p = 0.004; Cohen’s d = 0.28. No interaction effect
condition × time was found, F(1,105) = 0.302, p = 0.584, partial

η2 = 0.0. No interaction effect condition × time × relaxation
moment was found, F(1,105) = 0.178, p = 0.674, partial η2 = 0.0.

Five Minutes Burpees Exercise
Greenhouse-Geisser correction was applied for the tests.
Regarding PS before and after the 5 min Burpees exercise, no
main effect of condition was found, F(1,105) = 0.197, p = 0.658,
partial η2 = 0. No interaction condition × relaxation moment
was found, F(1,105) = 1.595, p = 0.209, partial η2 = 0.02. A main
effect of time was found, F(1,105) = 181.695, p < 0.001, partial
η2 = 0.63. PS after the 5 min Burpees exercise was higher
(M = 5.24; SD = 2.73) than before the 5 min Burpees exercise
(M = 1.37; SD = 1.41), t(106) = 13.556, p < 0.001; Cohen’s
d = 1.79. No interaction effect time × relaxation moment was
found, F(1,105) = 0.310, p = 0.579, partial η2 = 0. No interaction
effect condition × time was found, F(1,105) = 0.159, p = 0.690,
partial η2 = 0. No interaction effect condition × time × relaxation
moment was found, F(1,105) = 1.995, p = 0.161, partial η2 = 0.02.

Stroop Task
Greenhouse-Geisser correction was applied for the tests.
Regarding PS before and after the relaxation moment, no main
effect of condition was found, F(1,105) = 2.102, p = 0.150, partial
η2 = 0.02. No interaction condition × relaxation moment was
found, F(1,105) = 0.020, p = 0.887, partial η2 = 0. A main effect of
time was found, F(1,105) = 8.976, p = 0.003, partial η2 = 0.08.
PS was higher after Stroop (M = 1.94; SD = 1.52) than before
Stroop (M = 1.61; SD = 1.54), t(106) = 2.696, p < 0.001; Cohen’s
d = 0.21. An interaction effect time × relaxation moment was
found, F(1,105) = 4.963, p = 0.028, partial η2 = 0.05. In “relax
before PE,” no difference in PS before (M = 2.27, SD = 1.70)
and after Stroop (M = 2.36, SD = 1.69), t(59) = 0.500, p = 0.619;
Cohen’s d = 0.05. Considering the time before the Stroop task,
PS was higher in “relax before PE” (M = 2.02, SD = 1.69)
in comparison to in “relax after PE” (M = 0.77, SD = 0.72);
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t(46) = 4.727, p < 0.001; Cohen’s d = 0.97. Considering the
time after the Stroop task, PS was higher in “relax before PE”
(M = 2.18, SD = 1.66) in comparison to “relax after PE” (M = 2.02,
SD = 1.69), t(46) = 3.034, p = 0.004; Cohen’s d = 0.57. In
“relax after PE,” PS was higher after the Stroop task (M = 1.40,
SD = 1.06) than before the Stroop task (M = 0.77, SD = 0.72),
t(46) = 4.664, p < 0.001; Cohen’s d = 0.69. No interaction effect
condition × time was found, F(1,105) = 0.665, p = 0.417, partial
η2 = 0.0. No interaction effect condition × time × relaxation
moment was found, F(1,105) = 1.099, p = 0.297, partial η2 = 0.01.

Five Minutes Burpees Exercise –
Physiological Manipulation Check
Descriptive statistics for all physiological variables and all
measurement points can be seen in Tables 1A,B, while
descriptive statistics specifically related to the manipulation check
of the 5 min Burpees exercise can be seen in Figures 3A–C.

Heart Rate
Regarding HR, a main effect of time was found,
F(1,105) = 344.906, p < 0.001, partial η2 = 0.69; with HR
being higher after PE (M = 103.93; SD = 13.46) in comparison to
before PE (M = 80.85, SD = 12.95).

RMSSD
Regarding RMSSD, a repeated-measures ANOVA was first
ran. A main effect of time was found, F(1,105) = 85.517,
p < 0.001, partial η2 = 0.40, with RMSSD being lower after
PE (M = 13.43; SD = 12.53) than before PE (M = 24.87;
SD = 24.23). A linear mixed model analysis was then ran
to investigate whether covariates (RF, age, gender, smoking
status, BMI) were affecting the results. Relaxation moment,
condition, time, and all covariates were entered as fixed effects,
including intercepts, with an unstructured repeated covariance
type resulting in the best model fit, with – 2 Restricted Log
Likelihood = 214.341. No random effects (slopes nor intercepts)
were found to improve significantly the model fit, consequently
none were added to the model. Regarding the main effect of time,
results remained significant within a linear mixed model analysis,
F(1,106.956) = 158.644, p< 0.001, estimate of fixed effect = −0.45
(SE = 0.04), 95% CI = −0.52 to −0.38. From the covariates two
were found to have a significant effect, RF, F(1,263.319) = 34.114,
p < 0.001, estimate of fixed effect = −0.70 (SE = 0.12), 95%
CI = −0.93 to −0.46; and BMI, F(1,101.267) = 4.074, p = 0.046;
estimate of fixed effect = −0.02 (SE = 0.01), 95% CI = −0.04 to 0.

Respiratory Frequency
Regarding RF, a main effect of time was found, F(1,105) = 45.262,
p < 0.001, partial η2 = 0.26, with RF higher after PE (M = 18.30,
SD = 3.54) than before PE (M = 16.28, SD = 2.71).

Number of Burpees
Regarding the number of Burpees performed during PE
(descriptive statistics in Table 2), no main effect of condition
was found F(1,105) = 0.161, p = 0.689, partial η2 = 0; and
no interaction effect was found with the moment of relaxation
F(1,105) = 0.524, p = 0.471, partial η2 = 0.01. TA
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). Main Research Question – Stroop Task

Descriptive statistics related to the variables linked to our
main research question with the Stroop task are displayed
in Table 3. Regarding Stroop interference (RT), a repeated-
measures ANOVA revealed no main effect of condition
F(1,105) = 0.873, p = 0.352, partial η2 = 0. No interaction effect
condition × relaxation moment was found, F(1,105) = 0.039,
p = 0.843, partial η2 = 0. Relaxation moment had an overall effect
on the Stroop interference, F(1,105) = 35.031, p < 0.001, partial
η2 = 0.25, with a shorter Stroop interference found for “relax
before PE” (M = 20,33; SD = 69.61) in comparison to “relax after
PE” (M = 103.14; SD = 64.87).

Regarding Stroop interference (errors), we found a main effect
for condition, F(1,105) = 22.584, p< 0.001, partial η2 = 0.17, with
SPB (M = 0.36, SD = 0.60) being lower than CON (M = 0.69,
SD = 0.82). No main relaxation moment effect was found,
F(1,105) = 1.735, p = 0.191, partial η2 = 0.02. An interaction
effect between condition and relaxation moment was found,
F(1,105) = 5.364, p = 0.022, partial η2 = 0.04. Further post hoc
t-tests were run: they showed a significant difference between
SPB-“relax before PE” (M = 0.50; SD = 0.70) and SPB-“relax after
PE” (M = 0.17; SD = 0.38), with t = 4.105, df = 46, p < 0.001,
Cohen’s d = 0.60; a significant difference between SPB-“relax
before PE” (M = 0.50, SD = 0.70) and CON-“relax before PE”
(M = 0.68, SD = 0.81), with t = 2.647, df = 59, p = 0.010, Cohen’s
d = 0.34; a significant difference between SPB-“relax after PE”
(M = 0.17, SD = 0.38) and CON-“relax after PE” (M = 0.70,
SD = 0.86), t = 3.658, df = 46, p < 0.001, Cohen’s d = 0.53. No
significant differences were found between CON-“relax before
PE” and CON-“relax after PE,” t = 0.643, df = 46, p = 0.523,
Cohen’s d = 0.09.

Regarding RMSSD during the resting measure before
starting the Stroop test: a main condition effect was found,
F(1,105) = 5.841, p = 0.017, partial η2 = 0.05, with SPB (M = 16.97,
SD = 14.28) being higher than CON (M = 14.19, SD = 11.79).
No interaction effect between condition and relaxation moment
was found, F(1,105) = 3.335, p = 0.071, partial η2 = 0.03. A main
relaxation moment effect was found, F(1,105) = 28.870, p< 0.001,
partial η2 = 0.22, with RMSSD being higher in “relax after PE”
(M = 20.80, SD = 14.15) than in “relax before PE” (M = 11.49,
SD = 10.69).

A linear mixed model analysis was then ran to investigate
whether covariates (RF, age, sex, smoking status, BMI) were
affecting the results. Relaxation moment, condition, and all
covariates were entered as fixed effects, including intercepts,
with an unstructured repeated covariance type resulting in the
best model fit, with – 2 Restricted Log Likelihood = 129.122.
No random effects (slopes nor intercepts) were found to
improve significantly the model fit, consequently none were
added to the model. No main effect of condition was found,
F(1,108.835) = 0.039, p = 0.844. A main effect of relaxation
moment was found, F(1,126.990) = 4.890, p = 0.029, estimate
of fixed effect = 0.27 (SE = 0.12), 95% CI = 0.03 to 0.51. No
interaction effect condition × relaxation moment was found,
F(1,110.459) = 0.169, p = 0.682. From the covariates only RF
was found to have a significant effect, F(1,143.946) = 16.814,
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FIGURE 3 | (A) Manipulation check for time effect with heart rate before and after the 5 min Burpees exercise. (B) Manipulation check for time effect with RMSSD
before and after the 5 min Burpees exercise. (C) Manipulation check for time effect with respiratory frequency before and after the 5 min Burpees exercise. For the
manipulation check of the 5 min Burpee exercise (PE – physical exertion), “PRE” refers to the 5 min resting measure realized before PE (so resting measure 1 for Exp.
1 “relax before PE” and resting measure 2 for Exp. 2 “relax after PE”), while “POST” refers to the 5 min resting measure realized after PE (so resting measure 2 for
Exp. 1 “relax before PE” and resting measure 3 for Exp. 2. “relax after PE”). RMSSD: root mean square of successive differences.

TABLE 2 | Descriptive statistics for the number of Burpees realized during the 5 min Burpees exercise.

Exp. 1 – RELAX BEFORE PE Exp. 2 – RELAX AFTER PE

Slow paced breathing Control Slow paced breathing Control

M SD M SD M SD M SD

Number of Burpees 64.27 11.54 63.00 11.64 63.60 11.69 63.19 12.20

PE: physical exertion (5 min Burpees exercise).

TABLE 3 | Descriptive statistics for the main working hypothesis.

Exp. 1 – RELAX BEFORE PE Exp. 2 – RELAX AFTER PE

SPB Control SPB Control

M SD M SD M SD M SD

Stroop interference (number of errors) 0.50 0.70 0.68 0.81 0.17 0.38 0.70 0.86

Stroop interference (reaction times, ms) 18.26 95.70 25.61 79.45 104.71 72.01 109.49 68.92

RMSSD (ms) 11.29 9.36 11.69 11.93 24.22 16.20 11.69 11.93

Respiratory frequency (cpm) 19.20 4.15 18.04 5.212 11.20 3.201 15.06 3.18

ms: milliseconds; cpm: cycles per minute; PE: physical exertion (5 min Burpees exercise); Stroop interference (accuracy) represents the number of errors in response to
incongruent stimuli; Stroop interference (reaction time): reaction time to incongruent stimuli – reaction time to congruent stimuli; RMSSD, root mean square of successive
differences; and respiratory frequency correspond to the resting measure 3 taken before the Stroop test.

p < 0.001, estimate of fixed effect = −0.47 (SE = 0.11), 95%
CI = −0.70 to −0.24.

Finally, to test whether the effect of SPB on Stroop interference
(errors) was mediated by RMSSD, the experimental group (coded
SPB = 1; CON = 2) was entered as independent variable,
Stroop interference (errors) was entered as dependent variable,
and RMSSD was entered as mediator variable. Based on a
10,000 sampling rate, the results from bootstrapping revealed no
significant indirect effect, 95% CI = −0.15 to 0.18. Rerunning the
mediation analysis taking into account the covariates (RF, age,
sex, smoking status, BMI) revealed no significant indirect effect,
95% CI = −0.03 to 0.10.

DISCUSSION

This research aimed to investigate the effects of SPB on
the adaptation to psychological stress, and more specifically

inhibition performance, after PE. At the subjective level, in
line with our hypothesis, PS was increased during the 5 min
Burpees exercise and the Stroop test, and decreased during the
relaxation technique, however, no effect of condition was found.
At the physiological level, in line with our hypothesis, our PE
manipulation was successful in increasing HR, RF, and decreasing
RMSSD. Our main hypothesis was partially validated, given SPB
led to better Stroop interference accuracy (lower number of errors
in response to incongruent stimuli), however, no differences were
found regarding Stroop interference RT.

Concerning the subjective manipulation check, confirming
our hypothesis, PE and CWST increased PS, while PS was
decreased with relaxation. This means that PE and the Stroop
task were perceived as taxing or exceeding the adaptive resources
of the individual, while relaxation contributed to decreased
PS (Lazarus and Folkman, 1984). However, contrary to our
hypothesis based on the relaxing effects of SPB (Lehrer and
Gevirtz, 2014), the effects of SPB on PS did not differ from
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watching the TV documentary. This could be linked to the
fact that many people already use TV as means of relaxation
(Conway and Rubin, 2016), and therefore associate it with an
activity decreasing PS. Interestingly, the increase in PS was much
higher during the 5 min Burpees exercise (partial η2 = 0.63) in
comparison to the Stroop task (partial η2 = 0.08). This might
be due to the fact the 5 min Burpees exercise was perceived as
particularly exhausting by the participants.

Concerning the physiological manipulation check of the 5 min
Burpees exercise, we focused specifically on the effects involving
time, given we are looking for physiological changes between
the resting measures before and after the Burpees. HR and
RF increased overall during the 5 min Burpees exercise, while
RMSSD decreased (even after controlling for RF and other
covariates). Our results cannot be directly compared to previous
research, given very few studies have investigated Burpees so
far, and when they did it was always as part as a more global
training program involving a large range of physical exercises
(McRae et al., 2012; Emberts et al., 2013; Abbes et al., 2018;
Sperlich et al., 2018). However, these findings would be in line
with typical cardiorespiratory adaptations to PE (Stanley et al.,
2013; Menz et al., 2016; Mlynczak and Krysztofiak, 2019). The
number of Burpees achieved did not differ across conditions or
across relaxation moment. We should note that in the 5 min
Burpees exercise, the realization of the Burpees was paced for the
participants, meaning they could not go faster, even if they felt
that they were able to do so. Further research may investigate
whether giving the instruction to perform as many Burpees as
possible during 5 min (i.e., maximal performance) may have
provided different results, helping to understand whether SPB
influences physical performance.

Regarding our main hypothesis linked to Stroop interference
errors and RTs, Stroop interference errors decreased with SPB,
while no change were observed for Stroop RTs, therefore
our hypothesis was only partially validated. According to the
literature, with the CWST inhibition is primarily reflected by
the number of errors (accuracy) made with incongruent stimuli
(McDowd et al., 1995), given it shows a typical illustration of
inhibition failure. This is in line with the interpretation that
Stroop interference accuracy represents as well an index of
the ability to maintain the task’s goal temporarily in a highly
retrievable state (Kane and Engle, 2003), given making a mistake
linked to incongruent stimuli means that we were temporarily
not successful in the aim of the task. A follow-up analysis of the
condition × relaxation moment interaction shows that if Stroop
interference errors were overall lower in the SPB condition in
comparison to the CON condition, Stroop interference errors
were lower when SPB was realized after PE than before PE. This
may be explained by the time proximity of SPB to the realization
of the Stroop test, and also by the fact that the physiological
changes induced by PE may have influenced the effects of SPB
realized beforehand.

Given no differences were observed with Stroop interference
RTs, we have to conclude that SPB did not help to reduce
the processing time of incongruent stimuli. Even if Stroop
interference RTs are not the main marker of inhibition obtained
with the Stroop test, RTs may still help us to understand

mechanisms related to inhibition processing (Scarpina and
Tagini, 2017). This may be linked to the fact SPB induces a
general decrease of general physiological arousal (Lehrer and
Gevirtz, 2014), which we also observed in this research in
experiment 1 (“relax before PE”), where participants had a
significantly lower HR and higher RMSSD after performing
SPB in comparison to CON. The fact that physiological arousal
plays a role in the Stroop interference RTs is also confirmed
by our data, given Stroop interference RTs are much lower
right after PE (in “relax before PE”), than 17 min later after
performing SPB or CON (in “relax after PE”), with a large
effect size (partial η2 = 25), which is in line with previous
research (Cooper et al., 2016). Cooper et al. (2016) found that
RTs on the complex level (incongruent condition) of the Stroop
were quicker (in comparison to RTs obtained before exercise)
immediately following the sprint-based exercise, but did not
differ after 45 min; while RTs on the simple level (congruent
condition) of the Stroop were quicker 45 min following sprint-
based exercise (Cooper et al., 2016), but did not differ from
the rest condition right after exercise. It could be speculated
that this difference may be due to changes in brain-derived
neurotrophic factor (Griffin et al., 2011) and brain activation in
the left dorsolateral prefrontal cortex (Yanagisawa et al., 2010),
given these mechanisms were previously identified as playing a
role in improving Stroop interference RTs after exercise, however,
this should be investigated in further research. To sum up, we
found that SPB was effective in improving Stroop interference
accuracy (decreasing the number of errors to incongruent
stimuli) but not RTs.

Root mean square of successive differences in the resting
measure before the Stroop task was found to be higher in
the SPB condition than in the CON condition, which would
mean that the increase in vagal afferent activity assumed by
the resonance model (Lehrer and Gevirtz, 2014) can also be
observed in vagal efferent activity (CVA). However, this main
effect of condition disappears when integrating covariates to
the analyses, and in particular RF, given a main effect of RF
on RMSSD was found. Given respiratory parameters (Hirsch
and Bishop, 1981; Brown et al., 1993; Houtveen et al., 2002),
and in particular RF (Hirsch and Bishop, 1981) were found
to influence HRV, some authors recommend to correct HRV
variables reflecting CVA for respiration in order to accurately
capture CVA (e.g., Grossman et al., 1991; Grossman, 1992).
However, another stream of research assumes a common
neural basis for HRV and respiration, and regards a routine
control of HRV for respiration problematic, given it would
remove variability associated with neural control over the
heartbeat, and therefore some of the variance playing a
crucial role in HRV would be artificially removed, which
would then not reflect normal physiology (Larsen et al., 2010;
Thayer et al., 2011; Lewis et al., 2012; Dick et al., 2014).
For further clarification whether SPB does increase CVA,
future research should consider manipulating parasympathetic
nervous activity via pharmacological blockade, for example
with atropine (Lahiri et al., 2008), a parasympatholytic
agent that inhibits the action of acetylcholine, the main
neurotransmitter of the parasympathetic nervous system,
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by competitively blocking muscarine receptors (Clementi
and Weber-Schöndorfer, 2015). Previous research (Du Plooy
and Venter, 1995) investigating deep breathing (three deep
inspirations and expirations) and HRV with atropine injection
showed that RMSSD was increased during deep breathing,
however, this increase was canceled by atropine, which would
suggest that this increase in RMSSD was vagally driven.
These findings should however be replicated with the SPB
exercise used in our study in order to clarify the effects of
15 min SPB on CVA.

Finally, a mediation analysis indicates that RMSSD did not
mediate the effects of SPB on Stroop interference accuracy
performance. This finding is not in line with the neurovisceral
integration model (Thayer et al., 2009; Smith et al., 2017),
which assumes that a higher CVA is linked to higher executive
performance. These results are also contrary to what was
found in Albinet et al. (2016), where improvements in Stroop
interference (accuracy) following a 5-month aquaerobics
program were correlated to increases in RMSSD, although
no mediation analysis was performed. This may suggest that
other mechanisms than CVA may underlie SPB effects. For
example, the high amplitude oscillations in HR provoked
by SPB were recently suggested to enhance the functional
connectivity in brain networks associated with emotion
regulation (Mather and Thayer, 2018). Future research
has to clarify whether those high amplitude oscillations
in HR due to SPB also provoke changes in the functional
connectivity of brain networks associated with executive
(inhibitory) functioning.

The strengths of this research were conducting two
experiments to thoroughly investigate the effects of SPB on
the adaptation to psychological stress, specifically inhibition,
following PE; as well as the use of physiological measurements
(HRV) to enable the investigation of potential underlying
mechanisms. However, our research is not without limitation.
Firstly, the participants’ sporting background (e.g., fitness level,
sport experience) was not assessed. Secondly, our sample was
comprised of sport students, consequently future research has to
investigate whether our findings would replicate to other non-
athletic samples. Thirdly, no color perception test was conducted,
participants only stated if they were color-blind, however, they
were only allowed to continue the experiment if they were
successful during the CWST familiarization phase. Fourth,
the determination of the 70% of the 5 min Burpees exercise
during the pilot study was based on subjective evaluation with
the Borg Scale of Perceived Exertion (Borg, 1982), and further
research should also measure physiological parameters during
the 5 min Burpees exercise. Fifth, due to technical problems
our final sample comprised 107 participants instead of the 120
originally planned, and future studies should ensure to achieve
the necessary sample size to detect whether CVA mediates
executive performance following SPB, to rule out the possibility
that our study was underpowered to find a mediation effect.
Sixth, in order to shed more light on the underlying physiological
mechanisms, other parameters should be investigated, such as
gaseous exchange and brain activity for example. Future research
may also consider the use of biofeedback to help the participants
visualize the effects of SPB on their HRV and CVA.

CONCLUSION

The aim of this research was to investigate the role of a relaxation
technique, SPB, on the adaptation to psychological stress,
investigated with a measure of inhibition, following PE. Two
experiments were conducted within this research. In Experiment
1, SPB (or the TV watching control condition) was realized after
PE, and in Experiment 2, SPB (or the TV watching control
condition) was realized before PE. Our findings showed that SPB
was able to improve inhibition after PE via improving Stroop
interference accuracy, meaning that participants made less errors
overall after having performed SPB (either before or after PE),
and the effects were stronger when SPB was performed after PE.
However, SPB was not found to impact Stroop interference RTs,
meaning that participants were not faster in their ability to inhibit
incongruent stimuli. The applied implications of these findings
are quite interesting, given athletes can consider using SPB as a
quick fix to address inhibition failures. SPB may therefore help
to address choking under pressure, which can be triggered by
inhibition failures according to the distraction account (Roberts
et al., 2017). Finally, the use of SPB could be investigated in
many domains where inhibition failures would lead to unwanted
behavior with serious consequences, for example police officers
shooting or medical doctors operating.
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