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P T N

Abstract: The aim of the study was to determine the effect of respiratory muscle exercises
on respiratory parameters of smoking athletes. Thirty athletes between the ages of 18-24
who have been doing licensed sports for at least 5 years participated in the study
voluntarily. Participants were divided into 3 groups: smokers and respiratory muscle
exercising group [SG, (n=10)], non-smokers and respiratory muscle exercising group [NG,
(n=10)], smokers and control group without respiratory muscle exercising group [CG,
(n=10)]. Respiratory parameters of all groups were determined with a spirometer.
Participants in SG and NG performed respiratory muscle exercises with the triflo
respiratory muscle exerciser 120 times a day for 4 weeks, 2 sets in the morning and
evening every day and 30 times in each set. In the analysis of the data, two-way ANOVA
test for repeated measures was applied to examine the results of different protocols (SG,
NG and CG), pre-test and post-test measurements and protocol*time interaction effect.
As a result of the study, FVC, FEV1, FEV1/FVC, PEF and MVV parameters of NG
increased in favor of the post-test. However, no statistically significant differences were
found between the groups in intergroup comparisons. However, when the percentage
improvements were analyzed, it was determined that the highest improvement in all

s/by/4.0)).

parameters was in NG.
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1. Introduction

Smoking addiction is known as a major public health problem worldwide and its prevalence is increasing. The World
Health Organization has stated that smoking is linked to approximately seven million deaths each year (WHO, 2018).
Smoking is directly related to nearly 20 fatal diseases, especially lung and heart diseases, but it also causes the
emergence of about 50 different chronic diseases that do not result in death (Ash, 2017). Smoking causes fatal diseases
not only in sedentary individuals but also in athletes, leading to shortened active sports lives and loss of physical
performance. For these reasons, smoking has become an important health problem among athletes (Feinberg et al.,
2015).

It has been reported that smoking in athletes can cause loss of strength due to its harmful effects on bone (Kanis et al.,
2005), muscle and tendons (Kok et al., 2012), while it also causes negative effects on the respiratory system and leads to
a decrease in lung volume and capacity (Clotet et al., 2004; Yildiz et al., 2024). The deterioration in lung function in
smoking athletes leads to a decrease in maximal oxygen consumption (VO2max) values and a decrease in aerobic
capacity (Tchissambou et al., 2004).

Lung capacity is recognized as an important indicator of the overall performance level of athletes (Schunemann et al.,
2000; Verges, 2009). Increasing lung capacity increases the aerobic capacity of athletes by increasing the amount of
oxygen taken into the body, which significantly affects the performance of physical activity (Olbrecht, 2000). In this
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context, it is stated that respiratory muscle exercises can help improve respiratory functions by increasing respiratory
capacity and strength (Aktug et al., 2022; Verges, 2007). Respiratory muscles are structurally and functionally classified
as skeletal muscles and can respond to training like skeletal muscles when exposed to an appropriate load (Kraemer et
al., 2002). Therefore, it is thought that exercises to strengthen the respiratory muscles can positively improve athletes'
overall performance and movement control in physical activities (Enright, 2006).

Although respiratory muscle exercises were initially started to be used in the treatment of individuals with health
problems related to the respiratory system (Beckerman et al., 2005; Weiner et al., 2004), it has recently become a method
frequently used on athletes to improve athletic performance (Kilding et al., 2010; McCarthy et al., 2015; Romer et al.,
2002).

As mentioned above, considering the damages caused by smoking in the respiratory system and the benefits of
respiratory muscle exercises in the respiratory system, how effective respiratory muscle exercises are in mitigating the
respiratory impairments caused by smoking. With this in mind, the hypothesis of the study was determined as
“Smoking is a limiting factor for the positive effects of respiratory muscle exercises on the respiratory muscle”.

2. Materials and Methods
2.1. Research Group

The population of the study consists of 258 students studying in the 1st education program of Nigde Omer Halisdemir
University Faculty of Sports Sciences, Department of Coaching Education. A sample of 30 people was selected from this
population using purposive sampling method. The criteria sought in the purposive sampling method were that the
participants should be between the ages of 18-24, be active athletes and have a license for at least 5 years. In addition,
participants who smoked at least 10 cigarettes per day for the last 2 years were included in the study. Participation was
completely voluntary, and participants successfully completed a four-week respiratory muscle exercise program.

Table 1. Demographic Variables of the Participants

SG NG CG
Age (years) 19.30+1.33 21.00+1.33 20.70£1.25
Height (cm) 174.00+5.31 173.00£9.71 172.30+10.85
Body weight (kg) 70.40+8.83 64.40+17.26 69.20+9.21

2.2. Research Design

In this study, it was aimed to determine whether respiratory muscle exercises applied for 4 weeks were effective on
respiratory functions in smokers and non-smokers, so it was conducted according to the pretest-posttest design with
control experimental group from quantitative research designs. In the study, the participants were randomly divided
into three groups: smokers and respiratory muscle exercising group [SG, (n=10)], non-smokers and respiratory muscle
exercising group [NG, (n=10)], and smokers but not respiratory muscle exercising control group [CG, (n=10)].
Respiratory parameters of all groups were determined with a spirometer. The tests were performed twice in total, at
the beginning of the study and at the end of the fourth week, and the progress of the participants was monitored.

2.3. Data Collection Tools
2.3.1. Determination of Lung Volume and Capacity

Lung volume and capacity measurements were performed twice, at the beginning of the study and at the end of the
fourth week. For these measurements, the MIR (Medical International Research) Spirolab spirometer device, which
complies with the American Thoracic Society measurement criteria, was used (Culver et al., 2017). The measurement
was performed by placing a clip on the participant's nose after at least five minutes of rest and placing the mouthpiece
of the device between the lips so that no air leakage occurred. To increase the reliability of the test, each measurement
was repeated twice, and the best value was included in the study data. Forced expiratory volume in the first second
(FEV1), forced vital capacity (FVC), forced expiratory ratio (FEV1/FVC%), peak expiratory flow rate (PEF) and
maximum voluntary ventilation (MVV) parameters were used in the study.
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2.4. Respiratory Muscle Exercises

Triflo respiratory muscle exerciser device was used for respiratory muscle exercises. There are different models of this
device with single, double, triple and quadruple balls; the triple ball model was preferred in our study. The working
principle of the triflo respiratory muscle exerciser is based on the movement of the balls inside with inspiration or
expiration. Both expiration and inspiration exercises can be performed with the device, and in our study, an inspiration
exercise was performed. Participants placed the device between their lips in such a way that no air leakage occurred
and drew air through the mouthpiece. The aim was to first raise the first ball and then the other balls in sequence and
to keep the balls in the air for five seconds. In our study, SG and NG performed respiratory muscle exercise with the
triflo respiratory muscle exerciser 120 times a day, 2 sets in the morning and evening, 30 times in each set, every day of
the week. CG did not perform respiratory muscle exercise.

2.5. Data Analysis

In this study, the assumption of normality for quantitative variables was evaluated both visually, using histograms and
probability plots, and analytically through the Shapiro-Wilk test. Given that the quantitative variables exhibited a
normal distribution, they were reported as mean and standard deviation. A two-way repeated measures ANOVA was
conducted to examine the effects of different protocols (SG, NG, and CG), pre-test and post-test measurements, as well
as the protocol*time interaction. To determine variance homogeneity, Mauchly’s test of sphericity was applied, and the
Greenhouse-Geisser correction was used when necessary. Partial eta squared (np?) values were computed to assess
effect sizes, with statistical significance established at p < 0.05.

2.6. Ethics Committee Permission

This study was conducted with ethical approval from the Nigde Omer Halisdemir University Non-Interventional
Clinical Research Ethics Committee. The application was submitted under protocol number 2024/110, and approval was
granted with decision number 2024/120 on 12.12.2024. Before data collection, participants were thoroughly informed
about the study through a detailed presentation and subsequently provided written consent. The research was carried
out in accordance with the ethical guidelines of the Declaration of Helsinki.

3. Results
Table 2. Intragroup and Intergroup Comparison of Dynamic Lung Volumes and Capacities
n=30 Pre Post A % Two-way Repeated ANOVA
Variable M=+SD M=+SD TB-Tend TB-Tend Time Group Time*Group
FVC
SG 4.84+0.57 4.87+0.64 0.03+0.07 0.61 F=13.62 F=0.91 F=1.62
NG 4.41+1.11 4.56+1.08* 0.15+0.03 3.40 p <0.001 p <0415 p<0.21
CcG 4.26+0.90 4.40+0.90* 0.14:0.00 3.28 np2 =0.33 np2 =0.06 np2 =0.10
FEV1
SG 3.95+0.78 3.96+0.79 0.01+0.01 0.25 F=9.81 F=031 F=524
NG 3.55+1.03 4.05+0.74* 0.05+0.29 14.08 p <0.004 p<0.73 p <0.01
CG 3.70:0.87 3.72+0.83 0.02+0.04 0.54 np2 =0.26 np2 =0.02 np2=0.28
FEV1/FVC
SG 81.18+11.33 82.03+9.34 0.85+1.99 1.04 F=5.02 F=0.63 F=3.98
NG 80.03+9.41 89.43+5.74* 9.04+3.67 11.74 p <0.033 p <0.539 p <0.030
CG 84.50+4.41 84.42+5.47 0.08+1.06 -0.09 np2 =0.15 np2 =0.04 np2=0.22
PEF
SG 7.86+3.24 8.04+2.97 2.94+0.27 2.29 F=18.00 F=122 F=6.90
NG 5.19+2.17 8.03+2.19% 2.84+0.02 54.72 p <0.000 p <0.309 p <0.000
CG 5.95+2.39 6.81+2.13 0.86+0.26 14.45 np2 = 0.40 np2 =0.08 np2 =0.33
MVV
SG 137.17+28.18 140.11+25.81 2,94+2,37 2.14 F=1138 F=0.20 F=1.86
NG 124.48+36.56 140.36+27.59* 15,88+8,97 12.75 p <0.002 p<0.817 p<0.175
CG 126.37+28.62 135.34+30.93 8,97+2,31 7.09 np2 =0.29 np2 =0.15 np2 =0.12

A = Change; Pre= Pre-intervention; Post= Post intervention; np2: Partial eta squared; * Indicates significant difference between pre-test and post-test at p< 0.05 level.
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For the FVC parameter, a statistically significant difference was identified in both the NG and CG groups (F = 13.62, p
=0.001, eta=0.33), whereas no such difference was observed in the smoking group. Additionally, statistical comparisons
between groups did not reveal any significant differences (F =0.91, p =0.415, eta=0.21). There was a statistical difference
in the group*time interaction (F =1.62, p =0.21, eta = 0.10). When percentage-based improvement levels were examined,
the NG group demonstrated the most pronounced increase. For the FEV1 parameter, a statistically significant
improvement was observed in the NG group (F=9.81, p=0.004, eta = 0.26), whereas no notable difference was identified
in the other groups. Additionally, comparisons across groups did not reveal any statistically significant variations (F =
0.31, p=0.73, eta = 0.02). There was a statistical difference in the group*time interaction. (F = 5.24, p = 0.01, eta = 0.28).
When the percentage-based improvement levels were examined, the NG group exhibited the highest degree of progress.
For the FEV1/FVC parameter, a statistically significant difference was observed in the NG group (F =5.02, p = 0.033, eta
= (0.15), whereas no such difference was detected in the other groups. Additionally, comparisons between groups did
not yield any statistically significant results (F = 0.63, p = 0.539, eta = 0.04). There was a statistical difference in the
group*time interaction. (F = 3.88, p =0.030, eta = 0.22). When the percentage-based improvement levels were examined,
the NG group exhibited the highest increase. For the PEF parameter, a statistically significant difference was observed
in the NG group (F = 18.00, p = 0.000, eta = 0.40), whereas no significant change was detected in the other groups.
Additionally, comparisons between groups did not yield any statistically significant differences (F =1.22, p =0.309, eta
=0.08). There was a statistical difference in the group*time interaction. (F = 6.90, p = 0.000, eta = 0.33). When percentage-
based improvement levels were examined, the greatest increase was recorded in the NG group.

A statistically significant change was detected in the MVV parameter within the NG group (F = 11.38, p = 0.002, eta =
0.29), whereas no notable difference was identified in the other groups. Additionally, comparisons between groups did
not reveal any statistically significant variations (F = 0.20, p =0.817, eta = 0.15). Likewise, the group*time interaction did
not demonstrate statistical significance (F =1.86, p =0.175, eta = 0.12). When examining percentage-based improvement
levels, the NG group exhibited the highest degree of progress.

4. Discussion

It has been reported that cigarette smoking negatively affects lung function and reduces its functionality and this
negative effect is caused by various chemical components in cigarette smoke (Baydur et al., 2001). Carbon monoxide,
one of the chemical components, tends to bind to hemoglobin approximately 200 times more than O.. For this reason,
carbon monoxide binds to hemoglobin and decreases its oxygen carrying capacity and thus leads to a decrease in the
oxygen concentration reaching the tissues (Dalack et al, 1993; Krupski, 1991). As a result, it negatively affects
cardiopulmonary functions, weakens respiratory and lung functions and significantly affects the performance of
athletes (Baydur et al., 2001; Santos, 2012). In order to minimize these problems, respiratory muscle exercises stand out
as an effective solution. It has been widely documented in the literature that respiratory muscle exercises have positive
effects on improving respiratory muscle strength and functions (Aktug et al., 2022; Kutlu, 2024; Pardy et al., 1988;
Weiner et al., 1999). These exercises reduce the perception of shortness of breath that occurs as a result of decreased
inspiratory muscle strength and provide a significant increase in exercise capacity, especially with its strength-
enhancing effect on inspiratory muscles (Hill et al., 2010). In this context, the aim of this study was to investigate the
effects of respiratory muscle exercises on respiratory function in smokers.

As a result of our study, while there was an increase in the FVC, FEV1, FEV1/FVC, PEF and MVV parameters of NG in
favor of the post-test, there was no statistically significant difference between the groups. However, when the

percentage improvements were analyzed, it was determined that the highest improvement in all parameters was in
NG.

In a study examining the effects of respiratory muscle exercises on healthy smokers, Piskin et al. (2023) found that device
respiratory muscle training led to significant improvements in FVC, FEV1, PEF, FEV1/FVC %, and MIP parameters in
both smokers and non-smokers. Similarly, Bostanci et al. (2019) conducted a study in which healthy smokers and non-
smokers performed device respiratory muscle exercises daily for four weeks. Their findings indicated that smokers
showed enhancements in FVC, FEV1, FEV1/FVC, MVV, SVC, and IC parameters. The use of a pressure-adjustable
respiratory muscle exerciser in the studies mentioned above, whereas the use of a non-pressure-adjustable triflo device
in our study may be one of the reasons for the different results in the respiratory parameters of smokers. Because in
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respiratory muscle exercises performed with a pressure-adjustable device, the resistance always remains the same and
this resistance is adjusted according to the person's maximal inspiratory pressure (MIP). However, since there is no
pressure adjustment in the triflo, the resistance of the exercise is constantly changing, and the load of the exercise does
not strain the individual. In addition, the lack of significant improvement in smokers despite respiratory muscle exercise
may be due to the damaging effects of cigarette smoke on the respiratory system. Cigarette smoke causes chronic airway
inflammation and structural damage at the alveolar level, which limits the improvement in exercise capacity and muscle
function.

In another study, researchers investigated the impact of respiratory muscle exercises on both smokers and non-smokers.
Participants engaged in these exercises twice per week over a five-week period. The findings revealed that both groups
experienced an improvement in peak expiratory flow (PEF) and respiratory muscle strength (Lee et al., 2011). Kim and
Lee (2012) applied balloon inflation exercises to healthy smokers and examined whether it improved lung function.
Participants underwent balloon inflation exercises for 8 weeks and as a result, VC, ERV, IRV, FVC, FEV1, FEV1/FVC
and PEF parameters were significantly improved. Although the balloon inflation method used in the study of Kim and
Lee (2011) is not a pressure-adjustable system like the triflo device used in our study, the load created by the balloon
increases as the tension of the balloon increases during respiratory muscle exercise. The use of different exercise
methods and devices between the two studies may be the reason for the different results.

5. Conclusions

Within the scope of this study, it was found that respiratory muscle exercises with a device applied for 4 weeks
significantly improved respiratory muscle strength and respiratory function, especially in non-smokers. This finding
supports that respiratory muscle exercises performed with the device is an effective method to increase pulmonary
capacity in healthy individuals. The positive effects of respiratory muscle exercises with the device on the respiratory
system appear to be consistent with similar studies previously reported in the literature.

On the other hand, it was determined that the same exercise protocol applied to smokers provided limited
improvement, but this improvement did not create a statistically significant difference. First of all, the fact that the triflo
type respiratory exercise device used in the study was not pressure sensitive and could not adjust the individual load
threshold may have provided inadequate stimulus, especially in individuals with more damaged respiratory systems.
The constant low resistance of the device may not have optimized the muscle activation required for improvement.

In addition, structural and functional impairments in the airways of smokers may have limited the effect of the exercises.
Factors such as airway inflammation and damage to alveolar structures caused by chronic exposure to cigarette smoke
may have reduced the response to exercise in these individuals. Therefore, a four-week short-term exercise program is
considered to be insufficient to achieve significant pulmonary function improvement in smokers.

In order to obtain healthier and comparable data in future studies, it is recommended that respiratory muscle exercises
be applied to smokers be applied for a longer period of time (8-12 weeks). In addition, the use of more technologically
advanced and resistance-adjustable respiratory exercise devices instead of the triflo respiratory muscle exerciser may
be more effective in terms of muscle activation and adaptation. It is thought that optimizing parameters such as exercise
frequency, duration and intensity will contribute to achieving more comprehensive results in different groups of
individuals.

In conclusion, although it has been clearly demonstrated that respiratory muscle exercises have positive effects
especially in nonsmokers, it is clear that more long-term, individualized and resistance-controlled exercise protocols
are needed to increase the effectiveness of this method in smokers. Further studies in this context will provide important
contributions in terms of both clinical applications and preventive health strategies.
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