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ABSTRACT 

Several studies have evaluated the effects of passive smoking on lung volumes in young adults and children. However, limited 

studies evaluated the effects of passive smoking on athlete and non-athlete young adults. This study aimed to evaluate the different 

effects of passive smoking on lung volumes between young adult athletes and non-athlete peers. Sixty-three young adults were 

recruited in this case-control study, their age was 17-22 years, were divided into three groups; two athletic groups and one non-

athletic group (n=21). The athletic groups consisted of 21 basketball players, and 21 cyclists. Lung volumes were assessed and each 

group was sub-classified into passive smoking (PS) and non-exposed to smoking (NEx). In the two athletic groups, the outcomes 

exhibited a significant increase of forced vital capacity, forced expiratory volume in 1 sec and peak expiratory flow in the passive 

smokers and non-exposed subjects when compared with non-athletic group. However, there were non-significant differences 

between the two athletic groups. In accordance with the study results, it was concluded that sport activities have beneficial effects 

on the lung volumes when compared with non-athletic young adults. No differences were noticed between the two athletic groups 

on lung volumes. 

 

Keywords: Passive smoking, lung volumes, young adults, athletes. 

 

 

1. INTRODUCTION 

Passive smoking (PS) is the exposing of the individuals to tobacco smoking which includes a mix of expired mainstream and side 

stream smokes which loosed from tobacco smoke. PS is commonly defined as environmental tobacco smoke. Tobacco smoke 

continues the most common cause of increased morbidity worldwide leading to killing about seven millions of population yearly. 

Eight-hundred ninety a thousand subjects are the final record of non-smokers entity subdued to passive smoking (World Health 

Organization, 2015). Forty percentages of children, thirty-three percentages of male non-smoker males, and thirty-five percentages 

of the non-smoker females were exposed to passive smoking throughout the world (Öberg et al., 2001). Cigarette contents generate 

huge numbers of poisonous and carcinogenic chemical substances (American Lung Association, 2018). American Environmental 

Protection Agency (EPA) considered tobacco smoking as a recognized pulmonary carcinogen. Various studies approved the strong 

relationship between PS and cardiovascular and respiratory disorders (Environmental Protection Agency, 2018). Also, previous 

studies verified that exposing to PS results in respiratory complications (Gonzalez-Barcala et al., 2013; Quinto et al., 2013)  and 

pulmonary dysfunction (Valsamis et al., 2014). Additionally, several studies have evaluated the association between PS and chronic 

obstructive pulmonary disease (COPD) and cardiovascular disorders (Bird and Staines-Orozco, 2016). Developing of the COPD risks 

and myocardial infarction in PS is increased in childhood more than in adulthood (Valsamis et al., 2014; Liu et al., 2015).  

PS is a high respiratory irritant and affect lung volumes including forced vital capacity (FVC), forced expiratory volume in 1 

second (FEV1), peak expiratory flow (PEF) in children and adolescents who are more susceptible to PS exposure (Liu et al., 2015). A 

recent study provided that lung volumes are impaired in young ages principally the function of body biology such as the height of 

the body. This attribute is characterized by higher lung volumes, which caused consequently by enlarging the dimensions of the 

body. Even so, lung volumes evaluate the functions of the respiratory system, not evaluate the growth of the body (Peric et al., 

2014). Prior studies approved that long-term physical exercise has positive influences on lung volumes in young adults and also 

showed significant differences between young adult athletes and non-athletes (Courteix et al., 1997; Goić-Barisić et al., 2006). In 

opposition, there were unknown causes approve that physical exercise or sports activity increase lung volumes. 

In addition, limitations of these studies were the assignment of the sport activities and their influences. Eventually, studies 

investigating different effects of passive smoking on lung functions and aerobic capacity between young adult athletes and non-

athletes are inefficient. So, our study assessed the lung volumes in basketball, cycling players and non-athlete young adults, and 

reported the harmful effect of PS on the lung volumes. This study hypothesized that the young adult athletes may have more lung 

volumes than non-athlete young adults and the different dynamics of the two types of sports activities may cause significant 

differences between the two athlete groups. Therefore, this study was designed to evaluate the different effects of passive smoking 

on lung functions between athlete and non-athlete young adults. 
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2. MATERIAL AND METHODS 

Subjects 

This case-control study was conducted between June and September 2018 on sixty-three young adults of the university students, 

aged 17-22 years with age mean of 19.5±2.4 years. The sixty-three young adults were divided into three groups (one non-athlete 

group and two athlete groups). The two athlete groups consisted of 21 basketball players and 21 cyclists. The non-athlete group 

consisted of 21 subjects who did not participate in any sport activities. The included young adults were free from recent health 

complains or cardiopulmonary diseases. Informed consent has been signed by participants and by parents for age under their 

parents for age under 18 years after informing them about the purpose and the methods of the study. The flow chart of the study is 

described in Figure 1. 

 

 

Figure 1 The flow chart of the study 

 

Ethics 

The protocol of the study was approved by the ethics committee of the physical therapy department, college of applied medical 

sciences, Prince Sattam bin Abdulaziz University [No.:RHPT/019/004] according to the ethical standards of human research and was 

performed in accordance with the guidelines in the Declaration of Helsinki 1975.  

 

Study procedures 

Spirometry test was conducted using a digital spirometer (CONTEC: SP10, China) that was calibrated each morning by a simple 

syringe using the automatic program of calibration. The investigator who examined the participants was blinded regarding the 

group to which each subject was designated. All subjects were informed to make forced maximal expiration with protocol 

demonstration. Spirometry tests were applied to the participants with sitting position and the forced expiration was done with the 

clipped nose through a disposable mouthpiece. Body height, weight, body mass index (BMI), and predicted lung volumes [Forced 

vital capacity (FVC), forced expiratory volume in 1 second (FEV1), and peak expiratory flow (PEF)] were assessed and recorded. 

All participants were not active smokers. The status of passive smoking (PS) was determined by a simple two questions form 

involving; question (I) is your home including a smoker? (if negative) the question (II) is your home including a ceased smoking? If 

the answer of the question (I) was (positive), considering the participant as a passive smoker (PS). If the two questions were replied 

by (no) considering the participant as non-exposed to passive smoking (NEx). Lastly, the exclusion criteria of the study were; if the 

answer of the question (II) was (yes). In accordance with the inclusion criteria of the study, six participants were excluded from the 
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study (their answer was no in question I and yes in question II which meaning that they were not passive smokers or non-exposed to 

smoking). Using the test-retest on the questionnaire form, the Spearman correlation coefficient showed highly reliable (0.89).  

 

Sample Size 

The sample size estimation was performed using the G*Power V.3.1 (University of Kiel, Kiel, Germany). It was found that 63 

individuals should be recruited to achieve 90% power with 5% type 1 error level based on the previous study conducted by Jeličic et 

al. (2017). 

 

Statistical analysis 

Data were analyzed using a standard computer program for windows, version 22 (SPSS, Chicago, IL, USA). Descriptive analysis was 

done to assess lung volumes. Values of the outcome measures are presented in form of means and standard deviations. Student's t-

test and Mann-Whitney U-test were used to compare between PS and NEx groups in each group including age, weight, height, and 

BMI. Multivariate analysis of the variance was performed to analyze the changes of lung volumes among the three groups regarding 

passive smoking and assess the differences among the three groups for PS and NEx groups separately. A linear regression was 

performed to assess the correlation between physical activities and lung volumes. A statistical significance level was set at p<0.05. 

 

3. RESULTS 

There was non-significant difference among the three groups in their mean age and gender (p>0.05) whereas, there were significant 

differences in the mean height, weight, and BMI among the three groups at baseline assessment (p<0.05) as showed in Table 1.  

 

Table 1 Baseline characteristics of the three groups of the study 

Items 
BB  

(n=21) 

CY  

(n=21) 

Control 

(n=21) 
p-value 

Gender (M/F) 11/10 12/9 11/10 0.953 

Age (yrs) 19.5 ± 2.4 18.9 ± 1.8 19.3 ± 2.2 0.656 

Height (cm) 178.5 ± 4.8 173.7 ± 5.4 172.4 ± 4.6 <0.001 

Weight (kg) 76.7 ± 3.7 78.5± 4.3  82.2 ± 3.8 <0.001 

BMI (kg/m2) 24.2 ± 2.4 26.1 ± 2.8 27.7 ± 4.3 0.004 

Significant at p<0.05; Data presented as Mean ± SD, BB: Basketball, CY: cycling, M: males; F: females, BMI: 

body mass index.  

 

Comparison of lung volumes among the three groups showed significant differences in PS and NEx separately (p<0.05). In the PS 

and NEx subgroups, the two athletic groups (basketball and cycling) exhibited statistically significant increase in the lung volumes 

when compared with the non-athletic group (p<0.05) as presented in Table 2. On the other hand, comparison of lung volumes 

between PS and NEx within each group of the two athletic groups showed non-significant differences in FVC, FEV1, and PEF values 

(p>0.05) as presented in Table 3 and Figures 2 and 3 whereas, the control group showed significant increase of lung volumes in the 

PS than NEx subgroup (p<0.05) as presented in Table 3 and Figure 4. 

 

Table 2 Comparison of the lung volumes (% predicted) among the three groups, separately in the PS and NEx subjects 

Items 

PS NEx 

BB 

(n=12) 

CY 

(n=13) 

Control 

(n=11) 
p-value 

BB 

(n=9) 

CY 

(n=8) 

Control 

(n=10) 
p-value 

FVC (%) 98.8±7.2 97.6±6.9 91.4±6.5 0.033 103.9±7.3 102.8±7.5 96.7±4.1 0.045 

FEV1 (%) 92.5±5.9 91.4±5.2 83.1±3.7 <0.001 93.8±4.8 92.7±3.7 87.9±6.4 0.048 

PEF (%) 91.3±4.7 88.3±4.1 84.2±4.3 0.002 91.7±3.8 91.2±3.7 88.0±2.3 0.047 

PS: passive smokers, NEx: non-exposed, BB: basketball, CY: cycling, FVC: forced vital capacity, FEV1: forced expiratory 

volume in one second, PEF: peak expiratory flow. 
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Figure 2 Lung volumes between PS and NEx in the basketball group  

 

 

 

Figure 3 Lung volumes between PS and NEx in the cycling group 

 

 

 

 

Figure 4 Lung volumes between PS and NEx in the control group (non-athletes) 
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Table 3 Comparison of the lung volumes (% predicted) between PS and NEx subgroups, separately in the three groups 

Items 

BB CY Control 

PS 

(n=12) 

NEx 

(n=9) 

p-

value 

PS 

(n=13) 

NEx 

(n=8) 
p-value 

PS 

(n=11 ) 

NEx 

(n=10 ) 
p-value 

FVC (%) 98.8±7.2 103.9±7.3 0.127 97.6±6.9 102.8±7.5 0.121 91.4±6.5 96.7±4.1 0.039 

FEV1 (%) 92.5±5.9 93.8±4.8 0.596 91.4±5.2 92.7±3.7 0.546 83.1±3.7 87.9±6.4 0.046 

PEF (%) 91.3±4.7 91.7±3.8 0.837 88.3±4.1 91.2±3.7 0.119 84.2±4.3 88.0±2.3 0.022 

BB: basketball, CY: cycling, PS: passive smokers, NEx: non-exposed, FVC: forced vital capacity, FEV1: forced expiratory 

volume in one second, FEF: peak expiratory flow. 

 

The result of linear regression analysis that was executed for lung volumes (FVC, FEV1, and PEF) with basketball players, cyclists, 

and control groups was described in Table 4. For passive smokers (PS), all lung volumes (FVC, FEV1, and PEF) showed high 

correlation with basketball players (r2= 0.721, r2= 0.734, r2= 0.693, p<0.05) and cyclists (r2= 0.708, r2= 0.712, r2= 0.671, p<0.05), 

whereas the control group showed non-significant correlations. For non-exposed to passive smoke (NEx), lung volumes (FVC, FEV1, 

and PEF) showed high correlation with basketball players (r2= 0.763, r2= 0.771, r2= 0.724, p<0.05) and cyclists (r2= 0.751, r2= 0.748, 

r2= 0.713, p<0.05), whereas the control group showed non-significant correlations. The results showed that sports activities weather 

basketball or cycling was highly correlated with lung volumes for both passive smokers and non-exposed to passive smoke groups. 

However, control group showed non-significant correlation with pulmonary function for both passive smokers and non-exposed to 

passive smoke as showed in Table 4. 

 

Table 4 Linear regression analysis between lung volumes (% predicted) 

and physical activities 

Variables 
FVC FEV1 PEF 

r2 r2 r2 

PS 

BB 0.721* 0.734* 0.693* 

CY 0.708* 0.712* 0.671* 

Control 0.042 0.029 0.021 

NEx 

BB 0.763* 0.771* 0.724* 

CY 0.751* 0.748* 0.713* 

Control 0.047 0.036 0.024 

PS: passive smokers, NEx: non-exposed, BB: basketball, CY: cycling, FVC: 

forced vital capacity, FEV1: forced expiratory volume in one second, PEF: 

peak expiratory flow. 

4. DISCUSSION 

The main objective of the current study was to investigate the impacts of passive smoking on lung volumes in young adult athletes 

and non-athletes peers suggesting that the different mechanics of the basketball and cycling activities could result in determinate 

different lung volumes between the two athlete groups of the study but the findings of the study showed non-significant differences 

in the values of lung volumes between the two athlete groups. Analysis of the current study measures exhibited significant 

differences in the anthropometrics including weight, height, and BMI among the three groups of the study in favour of the 

basketball group. In agreement with our results, several studies explained that higher physical activity level leads to clear different 

anthropometrics than low physical activity level (Sekulic et al., 2006; Mukhopadhyay et al., 2005; Dowda et al., 2001).  

Effective influences of physical activity on lung volumes are restricted even now. Prior study confirmed that higher respiratory 

inflation and deflation in swimming activity did not that increase lung volumes (Zinman and Gaultier, 1987). Notwithstanding, 

another study confirmed that physical activity increases lung volumes through adapting respiratory system maturation (Courteix et 

al., 1997). Our study results exhibited a higher lung volumes in two athlete groups more than the non-athlete group, that verify the 

effective impacts of physical exercise on the lung volumes in young passive smokers. However, non-significant differences were 

approved between the basketball and cycling groups.  
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Our study hypothesized two components at initial assessment of the enrolled young adults. First component, young adult 

athletes could have more lung volumes than non-athletes. The results showed a slight increase of the lung volumes in the basketball 

than cyclists. So, these different lung volumes clarify the effect of the different mechanical characters between the two athlete 

groups on lung volumes. Second component, mechanical character may result in different increase of lung volume between the two 

athlete groups (Merkus et al., 1996). Both athlete groups exhibited higher lung volumes with non-significant differences between 

them.  

Previous study evaluated the prediction equations for pulmonary function values in healthy young adults and concluded a 

nonlinear regression between human height and lung volumes (Boskabady et al., 2004). In addition, another study provided devious 

nonlinear regression between body dimensions and the human performance (Markovic and Jaric, 2004). Higher values of the FVC, 

FEV1, and PEF were recorded in the two athlete groups than the non-athlete young adults. Also, slight differences were recorded 

between the two athlete groups in the values of FVC, FEV1, and PEF. While, these differences were determined in the group of NEx 

young adults. Moreover, significant differences were recorded in the values of FVC, FEV1, and PEF in the group of PS young adults in 

the three groups. 

Our study revealed non-significant impacts of PS on lung volumes in the athlete young adults. Regardless, it is essential to clarify 

that the values of the lung volumes in the PS are frequently lower than NEx in the three groups. Also, the data of the current study 

revealed no significant differences between the PS and the NEx young adults in the values of FVC, FEV1, and PEF. Theoretically, 

various documents recorded negative effects of PS on the lung volumes (Cook et al., 1998), or non-significant impairments of the 

respiratory functions (Bek et al., 1999), while another document showed a dose-effect relationship (Rizzi et al., 2004). Since lower 

values of the lung volumes in the PS young adults, it was suggested that the differences between the PS and NEx will increase after 

extended length of the period of exposing to environmental tobacco smoke, and therefore, this difference will be increased in the 

coming time. This condition was endorsed by two articles that concluded negative effects of PS in younger adolescents than the 

young adults of our present study (Rizzi et al., 2004; Goić-Barisić et al., 2006). Similar results were reported in recent study which 

explained non-significant difference in the values of lung volumes between PS and NEx groups in the two athlete groups (Sekulic 

and Tocilj, 2006). 

Solely, the values of lung volumes showed a strong correlation in the NEx participants, although those volumes are functionally 

used to assess the same condition and impacted by similar procedure. Conversely, a weak correlation was observed between lung 

volumes in the PS participants and non-significant decrease of the lung volumes, explaining the lower correlation among the lung 

volumes that have to be significant correlation (Sekulic and Tocilj, 2006). The non-significant impacts of PS abides illegible, but some 

factors could result in those results including; exercise training, dose-effect, short breath in smokers, and exposing period to passive 

smoke. Exposing period and dose-effect causes disturb the lung volumes, but the exercise training and short breaths lower the bad 

impacts of PS on the lung volumes.  

Also, the present study applied factor analysis to assess the differences in correlations between the values of lung volumes in the 

PS and NEx young adults. If the changes in the correlations exist in the experimented young adults, it will exist a strong corroborate 

to the priorly proposed. Additionally, PEF exhibited greater adhesive factor structure in the NEx than PS group and PEF was stacked 

out on the factor I of FVC and FEV1 in the PS group. Whereas, evident and clear factors are extracted in the NEx group, the factor I 

of the FVC and FEV1 and the factor II of the PEF. These findings were supported by previous research that concluded the non-

significant negative influences of the PS on the lung volumes (Sekulic et al., 2003). 

Clearly, the values of lung volumes are a higher dispersed in the PS than NEx young adults. Because of variation of the results 

presents statistically significant differences between PS and NEx young adults, it is an extra factor explained why there were non-

significant differences between the PS and NEx young adults in any value of the lung volumes, in spite of  the  small differences 

which noticed in some participants. 

 

5. CONCLUSION 

Athlete young adults have greater lung volumes than non-athlete peers, considering the beneficial impacts of physical activities on 

the lung volumes which confirm the first part of the study hypothesis. Also, it was approved that the dynamic reference of the 

basketball and static reference of cycling game have non-significant differences on the lung volumes in a contradictory to the 

second part of the study hypothesis.  
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