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Breath and brain activity have been integral to daily life since time immemorial. Cognition and cardiorespiratory responses are
closely interlinked, necessitating further investigation into their dynamics. The potential benefits of combining motor imagery
(MI) and action observation (AO) based breathing exercises in rehabilitation have not been fully explored. This study was
aimed at assessing the acute effects of MI combined with AO on cognitive function and cardiorespiratory responses. Thirty-
three healthy adults were randomized into MI combined with AO breathing (MI+AO), active respiratory exercise (ARE), and
control groups, with equal distribution across groups. Electroencephalography (EEG) data were collected using a Muse EEG
headband, and cognitive function was assessed using the Montreal Cognitive Assessment (MoCA) while imagining activities
were measured via the Kinesthetic and Visual Imagery Questionnaire (KVIQ). Significant improvements in the Timed Up and
Go (TUG) test and systolic blood pressure were observed in the ARE group (p < 0.05), alongside improvements in MoCA and
KVIQ scores (p < 0.05). EEG data revealed significant decreases in delta and theta power at the temporoparietal (TP) location
in the ARE group (p < 0.05). These findings suggest that MI and AO, when combined with respiratory exercises, may serve as
effective passive strategies to support cognition and cardiorespiratory function, particularly in individuals who struggle to
actively participate in pulmonary rehabilitation.

Trial Registration: ClinicalTrials.gov identifier: NCT06099483
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1. Introduction

Aging in humans is associated with a decline in cognitive
and physical functions. While respiratory function has been
suggested to predict long-term cognitive performance,
emerging evidence indicates a bidirectional relationship.
Cognitive decline is often reported through self-reporting
of physical limitations. Specifically, changes in respiratory
function—particularly in tasks requiring psychomotor speed
and spatial abilities—can lead to declines in fluid cognitive
function. Consequently, there is a significant relationship
between decreased lung function and decreased cognitive

function, emphasizing the importance of maintaining respi-
ratory function to ensure cognitive performance [1]. Studies
have shown that impairments in respiratory function are
generally associated with poorer cognitive performance
across all cognitive measurements. This suggests that lung
function could be a relevant factor to consider in experimen-
tal studies related to cognitive functions in healthy adults
[2]. Furthermore, lower respiratory capacity has been linked
to cognitive impairments and an elevated risk of depression.
This implies that individuals with higher respiratory capac-
ity have better cognitive functions, which in turn reduces
the risk of depression [3]. Similarly, in conditions such as
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chronic obstructive pulmonary disease (COPD), which impairs
pulmonary functions, improving exercise capacity has been
shown to enhance cognitive function and delay cognitive
decline [4]. Cognitive states are also affected in cardiovascular
diseases or healthy individuals at risk [5, 6]. As evidenced in
the literature, the greater the impact on pulmonary functions,
the higher the likelihood of severe cognitive impairment.

The concept of action simulation refers to the internal
representation of motor programs without the execution of
explicit movements. Motor imagery (MI) and action obser-
vation (AQ) are recognized as two distinct methods of action
simulation that activate motor areas in the brain. According
to Jeannerod’s action simulation theory (AST), individuals
mentally simulate actions without physically performing
them. Jeannerod proposed that when people imagine or
observe an action, their brain activates similar neural path-
ways as if they were actually performing the action. This
mental rehearsal, or “MI,” involves creating a covert repre-
sentation of the action, including its goals, means, and con-
sequences. These simulations occur both when people plan
their actions and when observing others perform them. Such
methods are critical for understanding and facilitating motor
processes without physical movement, as they engage neural
pathways typically used during motor execution [7, 8]. AO
and MI therapies have become increasingly popular as new
rehabilitation methods in recent years, particularly pertaining
to stroke, Parkinson’s, mental and cognitive rehabilitation,
spinal cord injury, and orthopedic rehabilitation [9, 10]. AO
involves real-time motor simulation, where observing another
person’s behavior triggers neural activity associated with that
movement [11]. MI involves participants imagining them-
selves performing a movement as instructed, without actually
engaging any muscle pathways. It is a mental simulation of
physical action [10]. The rationale behind these rehabilitative
interventions is the activation of the specific mirror neuron
system in the premotor, motor, and parietal cortices of the
brain while observing and imagining actions [11]. By simply
performing MI, a similar reaction to the active area of the
brain activated during physical training can be achieved,
which can provide similar benefits to physical training in all
age groups.

In addition, the biggest advantage of MI is its cost-
effectiveness. It enhances performance by stimulating motor
networks, increasing sensory-motor integration, reducing
cognitive load, and strengthening the mind-body connec-
tion [12]. Through limited literature and the use of imaging
techniques like electroencephalography (EEG), functional
magnetic resonance imaging, positron emission tomogra-
phy, and transcranial magnetic stimulation, both invasive
and noninvasive, brain regions with mirror activation prop-
erties have been discovered in humans during the activation
of these methods [9].

Motor imagery and action observation (MIAO) methods
can influence respiratory rate, heart rate, and skin tempera-
ture due to sympathetic nervous system activation. Increases
in electrodermal activity have also been reported. Evidence
suggests that during mental practice, brain regions control-
ling the autonomic nervous system are activated [8, 13].
Unlike traditional MI or AO alone, AO+MI simultaneously

Cardiovascular Therapeutics

engages both visual and motor systems. As noted by
Cuenca-Martinez et al, this integration enhances sensori-
motor engagement and optimizes motor network activation
compared to using MI or AO in isolation [14]. The sympa-
thetic pathways to the heart are modulated by the activity
of the anterior cingulate cortex, and the cardiovagal activity
is under the control of the ventral medial prefrontal cortex.
Some studies have reported respiratory and hemodynamic
changes in response to mental simulation exercises. Com-
prehensive studies have emerged in recent years, examining
cardiorespiratory responses during MI as part of health and
performance strategies [15-19].

EEG is a noninvasive method used to distinguish a variety
of human behaviors by monitoring neurological responses
during cognitive and motor tasks [20]. As a learning tool,
MI facilitates neural network engagement, with significant
implications for rehabilitation and empirical research [21].

Analyzing brain neural activity is a seemingly indispens-
able tool for quantitatively evaluating interactions among neu-
robiological systems. Brain networks synchronize unilaterally
or bilaterally during cognitive, motor, and action simulation
tasks [22]. However, the high cost of traditional laboratory
EEG systems has limited their accessibility to researchers. This
challenge has spurred interest in expanding EEG portability,
even for home-based settings. Brain-computer interfaces
(BCIs) now allow direct communication between the brain
and external devices, and portable EEG systems have been val-
idated for use in brain activity imaging studies [23-25].

In the literature, there have been a limited number of
studies using AO and MI methods in the treatment and
rehabilitation of various pathologies, focusing on their
chronic effects on brain activity [26, 27]. As far as can be
ascertained, there has to be a randomized controlled study
that investigates the acute effects on brain activity, cardiore-
spiratory responses, and cognitive function of AO and MI
methods when applied in the form of respiratory exercises
in healthy individuals. This study fills that gap.

The aim of this study is to investigate the acute effects of
respiratory exercises applied as a combined AO and MI
intervention. By doing so, the study seeks to evaluate their
impact on cognitive functions and cardiorespiratory
responses in healthy sedentary individuals. The ultimate goal
is to develop alternative methods that could address the
interconnected issues of cognitive decline and cardiorespira-
tory problems, based on the results obtained.

2. Materials and Methods

2.1. Study Design. This study was a prospective, single-cen-
ter, randomized controlled trial with concealed allocation.
It was carried out under the supervision of the local ethics
committee (protocol number: E-56365223-050.02.04-
2023.137548.176-550). The protocol adhered to the princi-
ples of the Declaration of Helsinki [28]. A written informed
consent was obtained from each participant.

2.2. Participants and Inclusion Criteria. A total of 33 healthy
adults participated in this study. Participants were randomly
assigned to one of three groups: the MI combined with AO
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group (MI+AO), the active respiratory exercise (ARE) group,

or the control group (CGr), using a 1:1:1 ratio generated by

an online randomization tool (https://www.randomizer.org).
Participants aged 18-45 years were eligible if they

e voluntarily agreed to participate;
e did not use any assistive devices;

¢ had no comorbidities affecting the orthopedic, neuro-
logical, or cardiac systems;

e scored 30 or more on both visual and kinesthetic
imagery sections of the Kinesthetic and Visual Imagery
Questionnaire-20 (KVIQ-20); and

e scored 26 or higher on the Montreal Cognitive Assess-
ment (MoCA) test.

Exclusion criteria included individuals who

e declined participation,

e used oral corticosteroids [29, 30] within the last 4
weeks,

e were unable to understand verbal instructions or had
visual impairments, and

e participated in other clinical studies within the past 30
days that could affect the outcomes.

Participants were examined by a physician to ensure
they met the inclusion criteria. Corticosteroid use was
allowed only if it occurred at least 4 weeks prior to the study
and was unrelated to organ transplantation.

3. Procedures

The environment for the evaluations was carefully controlled
to be free of external distractions. EEG recordings were con-
ducted in a noise-free room, free from electrical devices, to
ensure data accuracy. Participants were asked to remain as still
as possible during measurements. The device only has elec-
trodes corresponding to the anterior frontal (AF) 7 and 8
and temporoparietal (TP) 9-10 areas and receives EEG signals
from these channels. Frontal and temporal areas are areas
responsible for sensory and motor processes.

While the device’s limited electrode count may not capture
pathological processes in detail, it provides sufficient data to
evaluate brain activity patterns and functional gradations.
Future studies will incorporate devices with at least 16 channels
for more comprehensive data. However, Muse 2 was selected
for this study due to its ease of use, affordability, and portability.

Each group session lasted 10min, and assessments of
brain activity, cardiorespiratory responses, and cognitive
functions were performed both before and after the session.
The applications were done in a quiet room. No prior prep-
aration was made to prevent any learning effects. A pre-
prepared video recording was viewed by each participant
on a laptop screen for 10 min. Each participant sat upright
in an office chair with hands placed on their laps. The laptop

was placed on a square table (1 m) with a red-colored sur-
face. EEG measurements were recorded while imagining
was being done.

3.1. MIAOGrt. Participants in the study were subjected to
breathing control, diaphragmatic breathing, and thoracic
expansion exercises using the MI+AO methods [31]. These
exercises were presented in sets, each with a corresponding
number of repetitions (10 repetitions each), captured on
video from front-lateral angles. The participants were
instructed to watch the videos, maintain a distance of
60 cm from the screen, follow the instructions, and mentally
visualize themselves performing the exercises as demon-
strated. [32]. Participants were instructed to imagine each
exercise as if they were performing them, following the given
commands to enhance the feeling of reality. During AO,
each exercise was played for 90s in the video, with 30-s
breaks between each exercise. In MI, participants were asked
to imagine each exercise for 45s as if they were doing it,
followed by a 15-s rest, with appropriate commands given
for each phase [33]. During the sessions with commanded
videos where no active body movement occurred, EEG mea-
surements were taken using the Muse 2 headset. This
allowed for the recording of brain neurophysiological activ-
ity over the duration of the 10-min session (Figure 1).

3.2. AREGr. In this group, participants were taught and
actively performed breathing control, diaphragmatic breath-
ing, and thoracic expansion exercises with eyes open in a
resting state prior to the session. Each exercise was per-
formed for 10 repetitions. Since active body movements
occurred in this group, Muse 2 headphones were used in
EEG measurements in order not to restrict the movement
capabilities of the participants. In order not to affect the data
quality of active movements, the exercises were taught to the
person before the session and were shown to the person by
the practitioner with silent, command-free body mimics
throughout the session. The occurrence of active movements
can be considered a limitation of the study. The brain’s neu-
rophysiological activity was recorded throughout the 10-min
session [23] (Figure 1).

3.3. CGr. Like the other groups, individuals in this group were
seated with their eyes open for 10 min without any intervention.
During this time, spontaneous EEG recordings were taken.

All interventions and measurements were conducted
daily between 5:00 PM and 6:00 PM over 1 month to main-
tain consistency. The objective of following identical time
slots was to ensure consistency. They were conducted
between 5:00 PM and 6:00 PM within the span of 1 month.
The objective of following identical time slots was to ensure
consistency.

4. Outcomes
4.1. Brain Wave Activity Measurement

4.1.1. EEG Measurement. The Muse 2 headband was utilized
for its nonrestrictive design and ease of setup [23]. EEG
measurements were collected before and during the MI
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FiGure 1: [llustration of procedures.

+AO sessions. Kinesthetic and Visual Imagery Question-
naire (KVIQ) measurements were collected before and after
the MI+AO sessions. In all three groups, 10-min EEG
recordings were taken for participants during MIAO, active
exercises, and at rest in the CGr, using the Muse 2 headband
(Muse Version: 2016, InterAxon Inc., Toronto, ON, Can-
ada). The EEG device operated at a sampling rate of
256 Hz, with the Fpz electrode serving as the reference. Four
active electrodes—TP9, AF7, AF8, and TP10—were placed
in their respective positions [34].

Prior to each EEG measurement, the equipment was
carefully cleaned with an industry-compliant solution, and
subsequently, the EEG sensor was placed on the participants’
foreheads and ears. An Android tablet with the MindMoni-
tor application was used. The software displayed acceptable
impedance values for each electrode as green indicators on
the interface, signalling readiness for recording. Raw EEG
data were collected under these conditions. If the signal
was found to be noisy upon visual inspection, the head-
band’s position was adjusted.

The variance per second for each EEG channel was
examined to determine signal quality, and data collection
began when the variance per second for all channels was less
than 200. Finally, our specialized software calculated the
number of trials lost per experimental block in real time. If
a block had more than 50% lost trials, Muse 2 was adjusted
to improve signal quality, and then each block was repeated.
The raw data were windowed using a Hanning filter. The
Muse Monitor software automatically removed artifacts dur-
ing recording. Each data file underwent additional process-
ing with a fifth-order Butterworth filter, applying a band-
pass filter in the 0.5-40 Hz range. Finally, the data were ana-
lysed using a fast Fourier transform (FFT) procedure [35].

4.2. Measurement of Cardiorespiratory Responses. The
assessment of cardiorespiratory parameters included the fol-
lowing measurements: respiratory frequency, blood pressure
measured using a digital OMRON (Hoofdrop, Netherlands)
blood pressure monitor, heart rate, and oxygen saturation
level (SpO2) measured using a pulse oximeter.

4.3. Measuring Cognitive Abilities

4.3.1. KVIQ. The KVIQ is a valid and reliable tool used to
assess imagery ability in a seated position. It consists of a
total of 20 items, including 10 visual and 10 kinesthetic items
and min/max scores. Cronbach’s alpha value of the ques-
tionnaire is satisfactory (test-retest: 0.98-0.98). This value
was found to be 0.95 for the test and 0.95 for the retest for
visual items and 0.97 for the test and 0.96 for the retest for
kinesthetic items. Intraclass correlation coefficients for visual
items ranged between 0.61 and 0.90 with a 95% confidence
interval (CI) and between 0.59 and 0.89 for kinesthetic
items. Factorial analyses showed that two factors explained
64.21% of the total variance [26, 27]. Participants were
instructed according to the questionnaire, and they were
explicitly informed that there should be no active movement
during imagery. They were asked to indicate their imagery
levels on the scale provided [36-38].

4.3.2. Mental Chronometer Evaluation With Timed Up and
Go (TUG) Test. The temporal synchronization of real and
imagined movements was assessed using the TUG test to
evaluate the temporal alignment between real and imagined
movements [37]. The protocol for the TUG test was simu-
lated for imagery ability and measured using the mental
chronometry method. The temporal alignment between the
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actual and imagined TUG was calculated in terms of delta
time using the formula “[(TUG actual time — TUG imagined
time) / [(TUG actual time + TUG actual time/2)]] x 100” [28,
38]. The delta time calculated with the mental chronometry
is indicative of the function of higher centers associated with
walking controlled by cognitive processes. A higher delta
time suggests lower MI ability [39, 40].

4.3.3. The MoCA. The MoCA consists of various items that
assess visual construction, executive function, memory, lan-
guage, orientation, and attention areas. It is easily adminis-
tered and can be scored with a maximum of 30 points
[41]. This test assesses visual-spatial (5 points), naming (3
points), attention (6 points), language (3 points), abstraction
(2 points), memory (5 points), and orientation (6 points)
abilities. Possible scores range from 0 to 30 points, with
higher scores indicating better cognitive function [42]. A
score below 26 indicates cognitive impairment [43]. Permis-
sion to use the MoCA has been obtained for this study.

4.4. Statistical Analysis. SPSS software computer programme
(Version 25, United States) and statistical software were
used for the statistical analyses. Demographic data and com-
parisons between groups for smoking status were conducted
using the Kruskal-Wallis test and the chi-square test. For
each group, mean, standard deviation (SD), and minimum-
maximum values were calculated. Pre- and postapplication
clinical measurements and tests for each group were ana-
lysed using the Wilcoxon test. EEG analyses were conducted
using repeated measures ANOVA, considering Greenhouse—
Geisser values. In the ANOVA design, groups (MI-AO,
ARE, and CGr) were defined as between-subjects factors,
application time (two: preapplication and during applica-
tion), frequency (five: delta, theta, alpha, beta, and gamma),
location (two: AF and TP), and hemisphere (two: left and
right) were defined as within-subjects factors. Post hoc anal-
yses were performed using the Bonferroni test. The signifi-
cance level was accepted as p < 0.05 in all tests.

4.4.1. Power Analysis. The number of patients who should be
included in the sample in the study was carried out using the
data from the study conducted by Nicholson et al. [44]. The
similarity of demographic and physical characteristics com-
prised education disparity, gender association, and smoking
habits. As a result of the calculations, we estimated that a
total of 27 participants were needed to achieve 95% power
with a 5% Type 1 error.

5. Results and Discussion

5.1. Demographic Characteristics. When looking at the aver-
age ages for the groups, MI-AO had an average age of 42.42
(SD: 12.87), ARE had an average age of 24.10 (SD: 10.99),
and CGr had an average age of 31.91 (SD: 10.83). The aver-
age height values for the groups were ARE 1.66 (SD: 0.09),
ARE 1.72 (SD: 0.10), and CGr 1.67 (SD: 0.07). The average
weight values were MI-AO 71.33 (SD: 6.98), ARE 70.50
(SD: 20.59), and CGr 63.54 (SD: 9.75). When looking at
the average number of cigarettes smoked per day for the
groups, ARE had an average of 6.75 (SD: 9.52), ARE had

an average of 1.10 (SD: 3.48), and CGr had an average of
3.27 (SD: 5.08). Regarding the number of years of smoking,
MI-AO had an average of 7.42 years (SD: 10.85), ARE had
an average of 0.50 years (SD: 1.58), and CGr had an average
of 3.64 years (SD: 8.89). In terms of gender distribution, MI-
AO had eight females (four males), ARE had three females
(seven males), and CGr had seven females (four males).

5.2. Differences in Measurements Between Groups and Acute
Response. The Kruskal-Wallis test analysis did not show any
statistically significant differences between the groups in the
initial measurements (p > 0.05). However, in the final mea-
surements, it was observed that there was a significant differ-
ence only in the physical time of the TUG test (p: 0.036)
(mean + SD (min-max) MI-AO: 7.01 +1.23 (5.80-10.39);
ARE: 6.18+0.81 (5.21-8.20); CGr: 7.17+1.29 (6.02-
10.41)). The first and last measurement results obtained with
the Wilcoxon test are shown in Table 1.

The time of application x frequency X location x group
interaction was statistically significant (p <0.05). In the
ARE group, there was a decrease in delta and theta power
in the TP location during the application compared to before
(p <0.05), while this was not observed in the other groups
(p>0.05) (Figure 2). In the CGr, there was a decrease in
delta and theta power in the AF location during the applica-
tion compared to before (p <0.05), while this was not
observed in the other groups (p >0.05). Additionally, in
the CGr, there was an increase in alpha power in the TP
location during the application compared to before
(p <0.001), while this increase was not observed in the other
groups (p > 0.05) (Figure 3).

6. Discussion

This study compared the brain waves, cognitive abilities, and
cardiorespiratory responses of healthy individuals during MI
with AO, AREs, and while doing no activity. Most studies do
not focus on the intersections of cardiorespiratory responses
and cognitive changes. Additionally, many studies primarily
analyze changes in muscle activity using electromyography
(EMG) rather than using EEG for brain analysis. Even when
EEG analysis is conducted, it often does not focus on com-
paring exercise therapies but instead focuses on real-time
movement observations for interface development [45-50].
One notable difference in our study compared to previous
research on MIAO is the incorporation of AREs without
active movement in the design of MIAO methods. This
study implemented and actively administered respiratory
exercises, which, to the best of our knowledge, had not pre-
viously been performed. Additionally, a CGr was included in
the study to compare the effects of these methods on cardio-
respiratory responses, cognitive abilities, and brain waves.
According to our results, the MI+AO method produced
a statistically significant acute improvement in blood pres-
sure among cardiorespiratory responses. Both MI+AO and
actively administered respiratory exercises yielded statistical
improvements in cognitive abilities. In terms of EEG results,
the MI+AO group exhibited significantly lower delta and
theta power at the TP location during the application
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FIGURE 2: EEG results for TP9 and TP10 regions.
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FIGURE 3: EEG results for AF7 and AF8 regions.

compared to before. This suggests a neurocognitive advan-
tage for the MI+AO group over the other groups because
an increase in delta and theta waves is commonly observed
in neurocognitive disorders, and theta rhythm is associated
with emotional stress and is present in sleepy adults
[51-55]. The observation of an increase in alpha power at
the TP location in the CGr compared to before the applica-

tion, while not observed in the other groups, supports the
suggestion of comparing our study with more advanced
EEG measurement systems in further research.

The relationship between cardiorespiratory responses
and pulmonary functions is known. Improvement in pulmo-
nary functions, especially, positively affects right heart func-
tions and cardiorespiratory responses [56, 57]. Improvement



in pulmonary functions not only enhances cardiorespiratory
responses but also contributes positively to cognitive pro-
cesses. The findings obtained in our study support this. In
their study published in 2021, Grosprétre et al. conducted
comprehensive research on the physiological responses dur-
ing MI, highlighting that no previous study had thoroughly
explored these responses. They specifically investigated the
acute effects of the MI method during sitting and standing
on the autonomic nervous system and cardiometabolic
responses [15]. They found that performing MI during
standing resulted in greater spinal excitability and sympa-
thetic activation in EMG results compared to sitting. This
led to increased oxygen consumption, energy expenditure,
ventilation, and lower cardiac output during standing ML
In our study, we investigated the acute effects of MI+AO
during a seated respiratory exercise session without active
movement. We examined its impact on cardiorespiratory
parameters, cognitive functions, and brain waves, comparing
it to an active exercise group and a CGr. Similar to the find-
ings in the study by Grosprétre et al., we observed a decrease
in blood pressure during MI in both seated and standing
positions. This suggests that MI can have a beneficial effect
on blood pressure regulation regardless of body posture.
When assessing spinal flexibility through muscle activities
in both standing and sitting postures, they stated that the
MI method made a positive contribution. In our study, the
TUG test was performed to introduce a variation for use in
the mental chronometer method, and statistically, it was
observed that physical performance increased in the ARE
and MI+AO groups. This could be attributed to the fact that,
as expressed in the literature, MIAO methods are promising
approaches to maintaining or increasing muscle strength,
contributing to motor skill acquisition, and leading to
enhanced physical performance [49]. No significant differ-
ences were observed among the groups in other cardiorespi-
ratory parameters. In our study, the decrease in blood
pressure parameters only in the ARE group may indicate a
positive effect of the method on blood pressure. The absence
of significant changes in other cardiorespiratory parameters
could be attributed to processes related to goal selection,
high-level planning, plan encoding, and plan execution, as
they are not influenced by the method [57, 58].

Higher initial lung function is associated with a lower
rate of cognitive decline in older adults independently. Stud-
ies have shown that the positive relationship between respi-
ratory function and cognition is stronger in women,
individuals with lower levels of education, or those who have
never smoked [58]. Looking at the results of our study, it is
understood that the outcomes obtained from both the active
and the MI+AQ respiratory exercise groups have provided
positive contributions to respiratory functions and cognitive
functions. The findings of a study examining the relation-
ship between respiratory functions and cognitive abilities
in young and middle-aged individuals highlight the impor-
tance of respiratory volumes for cognitive functions in later
years. In this study conducted by Vasilopoulos et al., it was
stated that early adult cognitive ability could be an indicator
of many parameters of respiratory function related to aging
35 years later, including lung volume, airflow, and ventila-
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tory capacity [59]. It was mentioned that cognitive impair-
ments associated with the deterioration of lung functions
due to aging could, therefore, be partly pre-existing. How-
ever, the results also emphasize that early-life risk factors
may be differently associated with measurements of lung
health in later life. Our study’s findings have shown that
active or passive interventions aimed at improving respira-
tory functions in individuals aged 18-45 years, whether they
smoke or not, have been effective in suppressing EEG theta
and delta frequencies. This effect is even more pronounced
in the MI+AO group. The positive changes in EEG findings,
along with improvements in KVIQ, MoCA, and mental
chronometer (TUG) results, suggest that respiratory exer-
cises also regulate electrical activity in the brain. Ultimately,
active or passive respiratory exercises in healthy adults offer
promising results in enhancing both respiratory capacity
and cognitive functions [60]. It is indicated that weak lung
functions are associated with mild cognitive impairment.
Individuals with low lung function are reported to be in need
of early cognitive evaluation. Furthermore, it has been
shown that in lung diseases where respiratory functions are
affected, improving cognitive status through cognitive reha-
bilitation methods has positive effects on quality of life, func-
tional abilities, and respiratory capacities [61]. In the
literature, there are studies aiming to show the degree of
effectiveness of environmental and genetic factors on respi-
ratory functions. In this context, one study has indicated that
the FEV1 (forced expiratory volume in 1s) value is an indi-
cator of fluid intelligence [62]. Within the scope of our
study, the respiratory exercises applied have positively chan-
ged cardiorespiratory responses, and it has been determined
that this also provides a positive contribution to cognitive
functions. The results of our study, which investigated the
effects of pulmonary rehabilitation techniques on cardiore-
spiratory and cognitive functions, support the literature
indicating that respiratory exercises performed actively or
through MI+AO have positive effects on cognitive functions.

When we examine the EEG results in our study, we can
see different outcomes. Particularly, the suppression of delta
and theta rhythms at the TP location is a noteworthy find-
ing. As is known, lower levels of delta and theta waves in
adult individuals are indicative of better neurocognitive pro-
cessing [50-54]. In our study, significant decreases in delta
and theta waves were observed only in the TP region for
the ARE group, while a significant decrease was observed
only in the AF region for the CGr. This difference may be
attributed to the possibility that the interventions in the
ARE groups may have suppressed the AF region and, there-
fore, may not have led to a significant decrease in delta and
theta waves. Since no intervention was applied in the CGr,
this region may not have been suppressed. From this
perspective, it can be considered that AREs may have the
potential to suppress both TP and AF regions, possibly lead-
ing to a significant decrease in these waves. Additionally, the
increase in alpha power in the TP region before and after the
intervention in the CGr can be interpreted as the interven-
tions in the ARE groups suppressing the alpha rhythm.
Studies have shown that the suppression of the alpha rhythm
is associated with positive changes in attention-related
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cognitive processes. The absence of an increase in alpha
power in the other groups may be due to the possibility that,
during MI+AO and AREs, mental plan encoding on one side
could have suppressed it. This suggests that the mental
processes involved in plan encoding during these activities
may have led to the suppression of alpha rhythms in these
groups [52-64].

The results of the study conducted by Cift¢i and Yilmaz
in 2024 align with previous research suggesting that AO and
MI may influence cognitive and perceptual outcomes, even
though physical performance improvements are not always
consistent. AO and MI interventions did not produce signifi-
cant changes in jump performance but improved participants’
perception of their abilities, highlighting the importance of cog-
nitive engagement and self-efficacy in performance enhance-
ment. Similarly, other studies have emphasized the role of
physical experience and video observation in motor learning
and technique development. Visual inputs have been proposed
to support the formation of effective motor representations. The
findings underscore the importance of designing tailored imag-
ery protocols that consider individual prior experiences and the
nature of motor tasks [65]. In our study, the suppression of delta
and theta waves in the MI+AO group and the increase in alpha
waves in the CGr suggest that the conducted interventions may
have a positive impact on cognitive processes, particularly those
related to attention. Our findings align with the results of the
study conducted by Cift¢i and Yilmaz.

The nonsuppression of delta and theta in the TP location
for the ARE group could potentially be advantageous in the
rehabilitation of both healthy individuals and those with cer-
tain conditions or pathologies. When looking at the overall
picture, it may be preferable to use ARE in situations where
performing respiratory exercises is difficult for various rea-
sons. Sugino and Ushiyama’s study examined differences in
EEG sensorimotor rhythms between gymnasts and non-
gymnasts during imagery of non-sport-specific movements
only in upper extremity movements (i.e., wrist dorsiflexion
and shoulder abduction) [31]. The current physiological
findings may be due to differences between gymnasts and
non-gymnasts in the ability to flexibly modulate corticosp-
inal excitability when imagining their own movements in
reference to actual movement, they said. In our study, EEG
recordings during different applications were examined only
in healthy participants. When we look at the literature, it is
seen that the MI method has been studied mostly in neuro-
logical diseases and athletes. In particular, variations in par-
ticipant characteristics, applied methods, and measurement
techniques may contribute to inconsistencies in EEG results
reported in the literature. In this context, more studies are
needed on AO and MI methods. Furthermore, conducting
similar studies with more advanced EEG systems on both
healthy individuals and those with cognitive impairments
is important for understanding the effects of active exercise,
MI, and AO applications.

In consideration of the tools available during further
study, the BCIs allow direct communication between the
brain and a microchip-controlled device. As BCI technology
becomes more popular, mobile and affordable EEG devices
have been validated in the literature for their utility and

potential and thus are starting to be used in brain activity
imaging studies [25, 45].

One of the important limitations of this study is that the
number of channels of the EEG device used to make breath-
ing exercises comfortable is low. Although it has the neces-
sary software infrastructure to eliminate frequency ranges
and noise pollution, it is important to conduct similar stud-
ies using EEG devices with more channels in order to deter-
mine the effectiveness of the applications with fashioned
objectivity and added rigor. These limitations that arise
inherent to the Muse device are because there are fewer
channels to capture spatial and regional brain activity, which
in turn can naturally impact the quality, granularity, and
interpretation of the data. More specifically, the next stage
of the study will prioritize precluding the following poten-
tially detrimental aspects of the EEG measuring pro-
cess—missing signals from key areas, reduced spatial
resolution, low signal-to-noise ratio, and multiregional anal-
ysis (e.g., cortical regions). Indeed, these shortcomings in the
procedure can influence and result in misinterpretation of
data as well as utility in clinical applications.

The need for more advanced EEG systems in future
studies is undeniable. We strongly recommend and empha-
size that researchers use more advanced EEG systems with a
greater number of channels to avoid the limitations posed by
systems with restricted channel capacity. This improvement
would allow for more comprehensive data collection and
analysis.

Additionally, while the age range of 18-45 is considered
young according to the World Health Organization (WHO)
data, the wide age range in this study can be considered a
limitation. In our study, we examined the effects of our
methods on cardiorespiratory and cognitive parameters,
but it is important to note that as age increases, risk factors
in cardiovascular health may increase, and cardiovascular
and cognitive health may interact and influence each
other [66].

Since the cardiorespiratory health of a person in their
20s may not be comparable to the cardiorespiratory health
of a person in their 40s, we recommend that future studies
consider using narrower age ranges or conducting compari-
sons between distinct age groups. Another limitation of this
study is its small sample size, which affects the generalizabil-
ity and statistical power of the findings. Although power
analyses were performed, we recommend that future studies
be conducted with larger sample sizes to enhance reliability
and validity.

7. Conclusions

This study primarily focused on acute interventions; how-
ever, it provides significant implications for future research.
Breathing exercises applied through MIAO methods without
physical movement have been shown to positively contrib-
ute to blood pressure, physical adaptation, and cognitive
abilities. In addition to the methods utilized in this study,
it is hoped that similar research exploring the effects of spe-
cific cognitive disorders and their potential impacts on car-
diorespiratory problems will emerge.
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Within this context, passive methods such as MIAO in
respiratory rehabilitation have been observed, at least in a
study group, to be effective and efficient in enhancing car-
diorespiratory capacity and cognitive functions. Conse-
quently, this study highlights the potential of MIAO as
innovative, passive, and noninvasive strategies for respira-
tory rehabilitation and cognitive development.

The notable improvements observed within a controlled
group of individuals suggest a paradigm shift in therapeutic
applications, offering a new pathway for effectively and effi-
ciently strengthening cardiorespiratory capacity and cogni-
tive functions. As the field progresses, MIAO methods
could become integral components of personalized rehabili-
tation programs, enabling patients and clinicians to achieve
better health outcomes.

MIAO methods can serve as alternative rehabilitation
strategies for individuals who cannot tolerate active exercise
programs or who exhibit low motivation to engage in active
exercise at the initial stages of rehabilitation. In our study,
these methods demonstrated potential as viable alternatives
to achieve cardiovascular and physical benefits, as they acti-
vate neurophysiological and neuroanatomical regions asso-
ciated with active movement through observation and
imagery, without requiring actual physical movement.

Future studies could enrich the literature by comparing
the effects of these methods across larger sample sizes,
diverse disease groups, and varying age ranges. We recom-
mend incorporating MIAO methods alongside active exer-
cises, particularly for individuals who struggle to tolerate or
initiate active exercise programs. These methods may be
especially valuable for triggering cardiovascular and cogni-
tive benefits or preventing declines in physical and cognitive
capacity.
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