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Abstract: Background/Objectives: Chronic obstructive pulmonary disease (COPD) is a common,
treatable condition causing respiratory symptoms and systemic effects. Physical activity can improve
cognitive function in individuals with COPD, with Square-Stepping Exercise (SSE), a multitasking
program combining cognitive and physical tasks, showing potential benefits. This study compares
the effects of SSE and strengthening exercises (SE) on cognitive function and balance in individuals
with COPD via telerehabilitation. Methods: This randomized clinical trial involved 34 male
individuals with COPD divided into SSE and SE groups (n=17 each). Cognitive function was assessed
using the Montreal Cognitive Assessment (MoCA), and balance was measured with the Biodex
Balance System. Both interventions were conducted over 8 weeks through telerehabilitation. Results:
Both groups showed significant improvement in cognitive function (p=0.01). However, the SSE group
showed greater improvements in balance, particularly in the overall stability index and
anterior/posterior stability index (p=0.014 and p=0.05). The SE group had minor improvements in
specific balance parameters, such as the "eyes open, firm surface" condition (p=0.029). Although
cognitive gains were similar between the groups, balance improvement was more pronounced in the
SSE group. Conclusions: AThis randomized trial revealed that both SSE and SE, delivered via
telerehabilitation, significantly improved cognitive function in individuals with COPD, with SSE
offering superior balance enhancement. These findings suggest that multitasking exercises like SSE
may have a synergistic effect on both cognitive and physical functions, reducing the risk of falls in
individuals with COPD.

Keywords: balance; COPD; cognitive dysfunction; telerehabilitation; strength training

1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous, preventable condition
marked by persistent respiratory symptoms and systemic effects [1]. Primary symptoms include
breathlessness, coughing, and sputum production [2]. Individuals with COPD frequently experience
comorbid sonditions with cognitive impairment being a common but under-researched issue [3].
Studies show that cognitive impairment prevalence in individuals with COPD ranges from 10% to
77% [4,5]. Increasing physical activity may positively impact cognitive functions in these individuals
[6].

According to the American Thoracic Society and the European Respiratory Society,
comprehensive rehabilitation programs including aerobic and muscle strengthening exercises (SE),
along with patient education, are recommended for COPD management [7]. However, alternative
approaches such as Square-Stepping Exercise (SSE) are gaining interest due to their systematic and
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cost-effective nature. SSE, though rarely used in respiratory diseases, has shown promise in
addressing balance, muscle weakness, and cognitive impairments, particularrly in older adults [8].

Studies suggest that SSE improves dynamic balance while engaging cognitive functions. Its low
technological requirements make it suitable for rehabilitation, offering benefits for individuals with
COPD by addressing balance and cognition together [9,10]. SSE is a multitasking program combining
cognitive functions such as concentration, memory, and motor skills with physical effort. Regular
practice has been shown to improve both balance and cognitive functions [11].

SE are well-known for enhancing muscle strength and postural stability, though their impact on
cognitive functions in individuals with COPD remains underexplored. Vilaré et al. highlighted that
muscle dysfunction, particularly peripheral muscle weakness, is a key risk factor for hospital
readmission in COPD, underscoring the importance of SE to improve muscle function and stability
[12]. SE that focus on peripheral muscles have been shown to improve not only muscle strength but
also postural stability. For instance, scapulothoracic exercises have shown benefits on chest mobility
and respiratory muscle strength in COPD, indicaitng potential impacts on functional capacity [13].
Interest in the impact of peripheral muscle SE on cognitive functions in COPD is growing but remains
under-researched. This relationship is crucial, as cognitive impairment in COPD can reduce physical
activity levels, leading to a detrimental cycle [14]. Gore et al. identified a link between cognitive
function, balance, and gait speed in older adults with COPD, suggesting that enhancing physical
strength and stability could improve cognitive outcomes [15]. This highlights the potential of SE as a
dual-purpose intervention for physical and cognitive health in this population.

This study uniquely explores the effects of SSE, a less commonly used method in respiratory
rehabilitation, on cognitive function and balance in individuals with COPD, compared to
strengthening exercises. While strengthening and aerobic exercises are widely utilized in managing
chronic respiratory diseases like COPD, research on the impact of SSE in this population remains
limited.

This study aims to examine the comparative effects of SSE and SE on improving cognitive
functions and balance in individuals with COPD. There is a notable gap in research on multitasking
exercise programs addressing balance loss and cognitive impairment in individuals with respiratory
diseases. This study examines whether an alternative exercise method targeting both physical and
cognitive functions in individuals with COPD offers greater benefits than traditional SE when
delivered via telerehabilitation.

2. Materials and Methods
The Study Design

This study was designed as a prospective, randomized, comparative clinical trial. A total of 38
individuals were randomly assigned in a 1:1 ratio into two groups using simple randomization via
MedCalc 11.5.1 software: the SSE group (n=19) and the SE group (n=19) [10]. The study was
conducted using a single-blind method, where the participants were unaware of which group they
were assigned to.

Participants

Male participants diagnosed with mild to moderate COPD at Bolu Abant Izzet Baysal University
Training and Research Hospital were enrolled in the study, which was conducted between April 6,
2021, and February 15, 2022. The inclusion criteria included: a confirmed COPD diagnosis, a
Standardized Mini-Mental State Examination (SMMSE) score of 23 or higher, age 50-80, access to a
smartphone and the internet, and willingness to adhere to the rehabilitation program. Exclusion
criteria included: continuous oxygen support, COPD exacerbation phase, PaCO2>70 mmHg,
conditions affecting cognitive function, sensory impairments, severe chronic diseases, inability to
walk, failure to follow the exercise program, and illiteracy. Written and informed consent was
obtained for all participants. None of the participants were involved in other experimental trials
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during the entire duration of the present study. The inclusion process of participants is illustrated in
the flowchart shown in Figure 1.

Assessed for Eligibility (n=60)

Excluded (n=22)

» -Who refused to participate in the study (n:18)

-Not having a smart mobile phone (n:4)

Randomized (n=38)
¥

Y

Square-stepping exercise group (n=19) Strengthening exercise group (n=19)

I

Excluded (n=2)
-Did not complete the exercise
program (n=1)
-Had a CABG operation (n=1)

'

Analyzed (n=17)

|

Excluded (n=2)
-Did not complete the exercise

program (n=2)

|

Analyzed (n=17)

Figure 1. Flowchart of the participants.

Ethics Approval

This study was approved by Bolu Abant Izzet Baysal University Clinical Researches Ethics
Committee (Decision No0:2020/14; Date: 04.02.2020) in line with the Declaration of Helsinki and
registered with Clinical Trials (NCT04841005). Written informed consent was obtained from all
participants prior to their involvement in the study, and the CONSORT guidelines were adhered to
[16,17].

Assessment Tools

The primary outcome measure to was cognitive function,assessed using the Montreal Cognitive
Assessment (MoCA). MoCA evaluated cognitive impairments across six domains with scores from 0
to 30 [18]. The Biodex Balance System (Biodex, NY, USA) assessed balance with sway index
measurements under four conditions: eyes open/closed on a firm and foam surface, where lower
scores indicate better stability [19]. The Modified Medical Research Council (mnMRC) scale assessed
dyspnea on a 0-4 scale, with 4 indicating severe breathlessness [20]. The COPD Assessment Test
(CAT) evaluated symptoms’ impact on daily life, scoring each item from 0 to 5 [20]. SMMSE screened
for dementia with a total score of 30 points across five categories [21]. The Modified Charlson
Comorbidity Index (CCI) assessed comorbidity severity, with higher scores indicating more severe
conditions [22]. Pulmonary function was measured using the Minispir Spirometer (Medica
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International Research, Italy), recording values for FEV1, FVC, FEV1/FVC ratio, FEF2s.75, and PEF, with
the best of three trials recorded [23].

Exercise Protocols

Both groups received face-to-face training before proceeding with telerehabilitation through
WhatsApp®. Equipment such as a tripod, pulse oximeter, Borg scale for fatigue, a SSE mat, and
elastic bands were provided. Exercises included breathing exercises, warm-ups, and cool-downs.

Square-Stepping Exercise Protocol

SSE was performed on a mat measuring 100x250 cm, divided into 40 squares, each measuring
25 c¢m on each side [11]. The exercise involved forward, backward, sideways, and diagonal steps,
with step patterns becoming progressively more complex. There are 196 step patterns, divided into
8 categories (Easy 1-2; Intermediate 3-5; Advanced 6-8). Each pattern consists of 2 to 16 steps
depending on its difficulty level [11]. Participants were asked to step into the squares, repeating the
step pattern from one end of the mat to the other. Upon reaching the end, they were instructed to
return to the starting position at a normal walking pace and begin the next set. Each pattern was
repeated 4 to 10 times. Although a specific stepping cadence was not set, participants were expected
to complete each step pattern within 15-20 seconds. If participants could complete the pattern within
the specified time, the difficulty level increased progressively: easy patterns during the first two
weeks, intermediate patterns in the 3rd and 4th weeks, intermediate to advanced patterns in the 5th
and 6th weeks, and advanced patterns in the final two weeks. If participants failed to complete a
pattern in the allotted time, the difficulty level was not increased. The SSE group performed 10
minutes of warm-up exercises, 30 minutes of SSE, and 10 minutes of cool-down exercises, 3 days per
week for 8 weeks.

Strengthening Exercise Protocol

Exercise intensity was determined according to the recommendations of the American College
of Sports Medicine [24]. Using an elastic band, participants’ perceived exertion during 15 repetitions
was evaluated using the Borg scale to determine the appropriate exercise intensity. A perceived
exertion score of 12-14 (“somewhat hard”) was considered the starting intensity [24].

The SE group performed various exercises to improve muscle strength. These included shoulder
abduction, elbow flexion, and shoulder press movements. Participants also performed horizontal
abduction and punching exercises using an elastic band, as well as triceps strengthening. Additional
exercises included shoulder external rotation, hip abduction with external rotation, and a standing
exercise from a seated position. Strength training was performed for 8-12 repetitions, 3 sets per
session, 3 days per week for 8 weeks. A 2-3 minute rest period was given between sets. Strength
training began with 8 repetitions at the starting intensity. As participants were able to perform 12
repetitions easily, the number of repetitions was gradually increased. When participants could
perform more than 15 repetitions easily for two consecutive sessions without severe muscle or joint
pain, the elastic band color was changed to increase resistance. Participants then performed 8
repetitions with the new resistance level.

Sample Size

The primary outcome measure to was cognitive function, assessed using the Montreal Cognitive
Assessment (MoCA). Power analysis was conducted using G*Power software (version 3.1.9.7) to
determine the required sample size for the study. Sander et al. reported an effect size of d=1.02 for
older adults engaging in multi-component exercises, supporting the feasibility of this sample size
[25]. Based on a significance level (a=0.05) and a power of 80% (1-3=0.80), the power analysis
determined that a minimum of 13 participants per group was required. To account for potential
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dropouts, 19 participants were initially recruited for each group, and the study was successfully
completed with 17 participants in each group.

Statistical Analysis

Data analysis was conducted using IBM SPSS version 25.0 (IBM, Armonk, New York). The
Shapiro-Wilk test assessed data normality. Descriptive statistics, including median values,
interquartile ranges, numbers, and percentages, were calculated based on variable types. Parametric
tests were used for normally distributed data, while non-parametric tests were applied for non-
normally distributed data. For group comparisons, the independent sample t-test was used for
parametric data, and the Mann-Whitney U test for non-parametric data. Differences between
measurements were analyzed using a paired sample t-test for parametric data and the Wilcoxon
signed-rank test for non-parametric data. A p-value of <0.05 was considered statistically significant.

Data Availability

The data associated with this study are not publicly available but can be obtained from the
corresponding author upon reasonable request.

3. Results

A total of 60 candidates were evaluated, with 38 meeting the inclusion criteria and completing
the study. The demographic characteristics of the participants are presented in Table 1. There were
no significant differences between the groups in terms of age (p=0.324), body mass index (BMI)
(p=0.717), mMRC (p=0.078), CAT (p=0.375), SMMSE (p=0.274), modified CCI (p=0.182), FEV:
(p=0.485), and FEV1/FVC (p=0.274).

Table 1. Demographic and clinical characteristics of the SSE and SE groups.

SSE group (n=17) SE group (n=17)

Between group
MeantSD min-max MeanzSD. min-max

P
Age (year) 62714474  55-73 65124866  50-79 0.324 (t=-1.007)
Height (cm) 169.1245.19  160-177  169.18454  155-175 0.973 (z=-0.053)
Weight (kg) 76.47+11.39  54-94  78.06+16.13  52-118 0.742 (t=-0.332)
BMI (kg/m?) 26.69t3.55 19.36-32.53 27.27+551 17.99-40.83 0.717 (t=-0.365)
Smoking exposure 0.961 (t=0.05)
(pack-years 38.26+19.55  0-80  37.94+1846  0-70
Exacerbations (n) 0.410.87 0-3 0.290.69 0-2 0.786 (z=-0.415)
Pisease - Duration 14.82+8.31 2-27 15.93+829  0.75-30 0.701 (=0387)
(year)
mMRC (0-4) 1.71£1.16 0-4 1.82+1.01 0-4 0.078 (z=-0.396)
CAT (0-40) 18.06+6.52 7-27 20.35+4.43 13-25 0.375 (z=-0.917)
SMMSE (0-30) 24941222 2329  2582:253  23-30 0.274 (z=-1.147)
Modified CCI (0-37) 3+1.73 1-8 3.35¢1.11 2-6 0.182 (z=-1.417)
FVC (%) 82.18422.55  53-126  75.24+23.83  35-111 0.39 (t=0.872)
FEV: (%) 64.24+20.1  38-121 59123 32-108 0.485 (t=0.707)
FEV1/FVC 63+10.09 3970  61.53+9.91 40-70 0.274 (z=-1.123)
FEF2575 (%) 30.82+13.26  14-59  28.88+11.87  15-51 0.656 (t=0.45)

PEF (%) 57.59+17.79 30-93 53.18+22.04 30-91 0.496 (z=-0.69)
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Active smoker, n (%) 10 (58.8) 10 (58.8)

Dyspnea, n (%),Yes 10 (%58.82) 8 (%47.06)
Cough, n (%), Yes 10 (%58.82) 9 (%52.94)
Sputum, n (%), Yes 13 (%76.47) 12 (%70.59)
Fatigue, n (%), Yes 16 (%94.12) 15 (%88.24)

*p<0.05; t: t test in independent groups; z: Mann-Whitney U test; SD: Standard deviation; Med: Median; min—
max: Minimum-maximum; SSE group: Square-stepping exercise group; SE group: Strengthening exercise
group; BMI: Body mass index; mMRC: Modified Medical Research Council Dyspnea Scale; CAT: COPD
assessment test; SMMSE: Standardized Mini-Mental State Examination; CCI: Charlson comorbidity index; FVC:
Forced vital capacity; FEV1: Forced expiratory volume in the first second; FEF2s7s: Forced expiratory flow mi
expiratory phase; PEF: Peak expiratory flow rate.

Table 2 presents the comparison of MoCA scores between the SSE and SE groups at baseline,
post-intervention, and between groups. While no significant difference was found between the
groups after the intervention (p=0.927), both the SSE (p=0.001) and SE (p=0.001) groups demonstrated
significant improvements in MoCA scores after 8 weeks.

Table 2. The comparison of baseline, post-intervention, and between group, MoCA variable between SSE and

SE groups.
SSE group (n=17) SE group (n=17)
MeantSD min-max Mean+SD min-max Between group p
MoCA  Baseline 21.65+1.69 19-25 22.24+1.35 20-25
(19-25)  Post intervention 24.35+2 21-27 24.29+1.69 21-27 0.927 (t=0.093)
Group Differences p 0.001* (t=-7.948) 0.001* (t=-4.757)

*p<0.05; t: t test in independent groups; SD: Standard deviation; Med: Median; min-max: Minimum-maximum;
SSE group: Square-stepping exercise group; SE group: Strengthening exercise group; MoCA: Montreal

Cognitive Assessment Scale.

Table 3 compares balance variables, assessed with the Biodex Balance System, between the SSE
and SE groups at baseline, post-intervention, and between groups. Post-intervention, no significant
differences were observed between the groups for the medial/lateral stability index (p=0.085), eyes
open on a firm surface (p=0.192), eyes closed on a firm surface (p=0.732), eyes open on a foam surface
(p=0.193), or eyes closed on a foam surface (p=0.058).

Table 3. The comparison of baseline, post-intervention, and between group, Biodex Balance System variables

between SSE and SE groups.

SSE group (n=17) SE group (n=17)

MeantSD Med (IQR) min-max Mean*SD Med (IQR)  min-max Between group p

Baseline 1.17+0.32 1.1(0.9-14) 0.8-1.7 1.29+0.38 1.3 (1.1-1.5) 0,6-1,9
Overall Post
0.95£0.31 0.9 (0.7-1.15) 0.3-1.6 1.24+0.33 1.3(1-14) 0,7-1,9 0,014* (t=-2,601)
stability intervention
index Group
0,001* (z=-3,37) 0,068 (z=-1,826)
Differences p
Anterior/ Baseline 1+0.33 0.9 (0.75-1.25) 0.5-1.6 0.97+0.35 1(0.8-1.1) 0.4-1.7
Posterior Post
0.78+0.3 0.8 (0.55-1) 0.2-1.2 0.97+0.26 1(0.8-1.2) 0.4-1.3 0.05* (t=-2.039)
stability intervention

index Group 0.001* (t=3,997) 0.822 (z=-0,225)
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Differences p

Baseline 0.79£0.28 0.8 (0.65-1.05)  0.2-1.2 0.66+0.32 0.7 (0.4-0.9) 0.2-1.3
Medial/
Post
Lateral 0.46+0.25 0.4 (0.2-0.65) 0.2-1 0.62#0.28  0.7(0.35-0.85)  0.3-1.1 0.085 (z=-1.737)
intervention
stability
Group
index 0,001* (t=5,256) 0,083 (z=-1,732)
Differences p
Baseline 0.68+0.29 0.6 (0.44-0.95) 0.28-1.2 0.64+0.28  0.56 (0.47-.72) 0.37-1.59
Post
Eyes open 0.61+0.24  0.56 (0.45-.69) 0.31-1.12 0.7340.28  0.69 (0.51-.91) 0.36-1.44 0.192 (t=-1.334)
intervention
hard surface
Group
0.794 (z=-0.261) 0.029* (t=-2.399)
Differences p
1.19 (0.87- 1.06 (0.77-
Baseline 1.21+0.38 0.54-1.,89 1.06+0.42 0.39-1.97
1.54) 1.35)
Eyes closed  Post 1.04 (0.73-
1.01+0.34 0.42-1.63 1.05+0.36 1.14 (0.79-1.3) 0.47-1.68 0.732 (t=-0.345)
hard surface intervention 1.28)
Group
0.001* (t=7.576) 0.586 (z=-0.545)
Differences p
1.19 (0.97- 1.14 (1.04-
Baseline 1.22+0.35 0.55-1.84 1.22+0.38 0.66-2.09
1.51) 1.32)
Eyes open Post 0.89 (0.73- 1.07 (0.84-
0.99+0.32 0.53-1.57 1.14+0.33 0.61-1.81 0.193 (t=-1.33)
foam surface intervention 1.25) 1.35)
Group
0.001* (z=-3.481) 0.089 (t=1.81)
Differences p
2.96 (2.46-
Baseline 3.05+0.77 1.91-4.25 3.22+0.6 3.17 (2.84-3.6) 1.99-4.34
3.77)
Eyes closed  Post
277+0.68 257 (2.2-343) 1.77-4.05 32:06  3.09(2.8-3.82) 1.95-4.07 0.058 (t=-1.966)
foam surface intervention
Group

0.004* (z=-2.914) 0,768 (t=0,3)

Differences p

*p<0.05; for intergroup analyses t: t test in independent groups; z: Mann-Whitney U test; for in-group analyses
t: t test in dependent groups; z: Wilcoxon paired two-sample test; SD: Standard deviation; Med: Median; IQR:

Interquartile range; SSE group: Square-stepping exercise group; SE group: Strengthening exercise group.

However, significant differences were observed in the overall stability index (p=0.014) and
anterior/posterior stability index (p=0.05) between the SSE and SE groups after the intervention. The
SSE  group stability index (p=0.001),
anterior/posterior stability index (p=0.001), medial/lateral stability index (p=0.001), eyes closed on a
firm surface (p=0.001), eyes open on a foam surface (p=0.001), and eyes closed on a foam surface
(p=0.004). In contrast, the SE group showed significant improvement only in the eyes open on a firm

showed significant improvements in the overall

surface condition (p=0.029) after the intervention

4. Discussion

This randomized study examined the effects of SSE and SE on cognitive functions and balance
in individuals with COPD over 8 weeks. While no significant differences were found between the
groups regarding cognitive function improvements, both groups showed significant progress post-
intervention. These results align with existing literature highlighting the positive effects of physical
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activity on cognitive functions in individuals with COPD [25]. Cognitive impairment is common in
individuals with COPD, yet studies on its management and improvement are limited. While the
positive effects of physical exercise on cognitive functions have been well-documented in older
adults, our study shows that similar improvements can also be achieved in individuals with chronic
conditions like COPD [26].

Exercises combining physical and cognitive tasks have been shown to be more effective for
enhancing cognitive skills in older adults compared to single-task exercises [27]. The cognitive
improvements observed in the SSE group suggest that multitasking exercises may offer greater
benefits in this area. As SSE integrates both physical effort and cognitive challenges, it likely creates
a synergistic effect, enhancing both mental and physical functions simultaneously.

Studies have highlighted the positive effects of multitasking exercises on cognitive functions
[28,29]. Teixeira et al. reported significant cognitive improvements in older adults following SSE [29].
Another study during the COVID-19 pandemic examined the short-term effects of home-based online
SSE on cognitive and social functions in inactive older adults [30]. This study found that online SSE
enhanced executive control functions and group cohesion. Unlike in-person group exercises, the
online SSE program also fostered improved social and task-oriented interactions among participants.
In comparison to the previous study, our study observed cognitive function improvements in both
groups of individuals with COPD, with significant balance improvements noted particularly in the
SSE group. Both studies highlight the potential of multitasking exercises to enhance cognitive
abilities, such as executive functions. Additionally, these exercises, which can be effectively
implemented online, are crucial for maintaining physical activity, especially during periods of social
isolation, such as the COVID-19 pandemic [31]. These results parallel the findings of our study and
suggest that multitasking exercises can be especially beneficial for older adults and individuals with
chronic diseases.

The SSE group demonstrated significant improvements in the overall stability index and
anterior/posterior stability index compared to the SE group. Balance is a critical determinant of fall
risk, especially in individuals with COPD [31]. Research shows that balance impairments are
prevalent in this population, with significant deficits in balance control compared to healthy
individuals. A systematic review reported that individuals with COPD are four times more likely to
experience falls than their healthy peers, emphasizing the need for thorough balance assessment and
targeted interventions in this group [32]. The Berg Balance Scale and Timed Up and Go tests are
commonly utilized to evaluate balance in individuals with COPD, although they may have
limitations in fully capturing the extent of balance deficits [33].

Muscle weakness is a well-established risk factor for falls and balance impairments in
individuals with COPD. Beauchamp et al. highlighted the essential role of muscle strength in balance
control, noting that deficits in peripheral muscle function are common in this population [34,35].
Additionally, a sedentary lifestyle exacerbates these issues by impairing sensory integration and
balance control [34]. Incorporating balance training into pulmonary rehabilitation programs has been
proven to enhance balance performance and reduce fall risk, underscoring the need for targeted
interventions in this population [36]. Balance-focused programs like SSE not only target balance but
also cognitive skills, offering the potential to reduce the risk of falls in individuals with COPD [37].
The significant effect of SSE on balance may be due to the need for both physical and mental focus
during the exercise.

Participants had to focus on the squares and step sequences on the mat with each step, creating
an exercise experience that actively engaged both balance and cognitive functions. This finding aligns
with other multitasking exercises in the literature that specifically target balance [26]. Studies
reporting the effectiveness of multitasking exercises in improving balance and postural control
support our findings [37]. Additionally, it has been shown that such exercises can be a feasible and
effective option when implemented via telerehabilitation [27].

The strengthening exercise (SE) group also demonstrated improvements in some balance
parameters post-intervention, though these were more limited compared to the SSE group. While SE
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may not directly target balance, increased muscle strength is known to enhance postural control and
stability [19]. The SE group primarily performed exercises focused on building muscle strength,
which led to indirect benefits for balance. However, as their program did not specifically target
balance, their stability outcomes were understandably less pronounced than those of the SSE group.

Paneroni et al. highlighted telerehabilitation as a safe and feasible option for COPD patients and
emphasized the need for further research in this area [38]. Participants continued their exercises at
home via telerehabilitation after receiving face-to-face training, underscoring the value of home-
based exercise programs. Our study shows that telerehabilitation can also be successfully applied to
multitasking and strengthening exercises.

However, this study has some limitations. Firstly, since the sample size was relatively small, the
generalizability of the findings may be limited. Conducting studies with larger participant groups
could further enrich the literature. Additionally, only male participants were included in our study,
so it is unknown whether the same results would be observed in female individuals. Some findings
in the literature suggest that women may respond differently to physical and cognitive exercises [39].
Therefore, future research should be designed with gender differences in mind.

In conclusion, this study demonstrates that SSE and SE have the potential to improve cognitive
functions and balance in individuals with COPD, and these exercises can be safely and effectively
implemented via telerehabilitation. The inclusion of multitasking exercises in the rehabilitation
processes of individuals with COPD could help improve their cognitive and physical functions and
reduce the risk of falls. These findings could increase interest in using alternative rehabilitation
methods in COPD management and pave the way for further research in this area.

5. Conclusions

This This randomized study investigated the effects of SSE and SE on cognitive functions and
balance in individuals with COPD over an 8-week period. The results showed that there were no
significant differences between the groups in terms of cognitive function improvement, but
improvements were observed in both groups after the intervention. This finding supports the
literature suggesting that physical activity positively impacts cognitive functions in individuals with
COPD. While cognitive impairment is common in individuals with COPD, studies on managing and
improving this condition remain limited. Physical exercises have been widely studied for their effects
on cognitive functions in older adults, with generally positive outcomes. Our study demonstrates
that similar improvements can be achieved in individuals with chronic conditions such as COPD.

Multitasking exercises, such as SSE, may be more effective at enhancing different aspects of
cognitive abilities in older adults than single-task exercises.2l In particular, the cognitive
improvement observed in the SSE group suggests that multitasking exercises may be more beneficial
in this regard. SSE, as a program that combines both physical and cognitive challenges, is thought to
have a synergistic effect on both mental and physical functions.
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