
Monten. J. Sports Sci. Med. 6 (2017) 1: 65–72  |  UDC 796.011.1:613.84-053.6 65

Pulmonary Function in Prepubescent Boys:

The Influence of Passive Smoking and Sports 

Training

Mario Jeličić1, Ognjen Uljević1 and Nataša Zenić1

Affiliations: 1University of Split, Faculty of Kinesiology, Split, Croatia

Correspondence: Ognjen Uljević, University of Split, Faculty of Kinesiology, Teslina 6, 21 000 Split, Croatia.
E-mail: ouljevic@kifst.hr

ABSTRACT     In this paper, we studied prepubescent boys (N = 75; 11.3 years ± 2 months) divided into three 
groups: two experimental groups and age-paired, non-systematically physically engaged controls (N = 25). Th e 
experimental groups consisted of 27 basketball players, and of 23 dinghy sailors. Th e pulmonary function was 
established measuring the large airway variables (inspiratory-vital-capacity, forced-vital-capacity, one-second-
forced-expiratory-volume) and small airway variables (peak-expiratory-fl ow, and maximal-expiratory-fl ow aft er 
50% and 75% exhalation). All variables were measured in absolute values and then presented and compared in 
relative values - predicted for age and stature. Using the simple originally constructed questionnaire, passive 
smoking status was observed, and the subjects were additionally sub-sampled as passive smokers, or non-exposed 
to passive smoking. Th e multivariate- analysis-of-the-variance (MANOVA) showed signifi cant dominance (p < 
0.05) of the experimental groups in the large airways variables and small airways variables, for the NS exclusively. 
No signifi cant MANOVA diff erences were found between the basketball players and sailors, and between the 
non-exposed to passive smoking and passive smoking in any of the studied groups. Th e results of the present 
study indicate a positive infl uence of the systematic physical exercising on the pulmonary function, with no 
diff erential eff ects of the two-year basketball and dinghy sailing sports training on the pulmonary function.
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Introduction
It is accepted and well documented that respiratory volumes, fl ows, and capacities (pulmonary function (PF)) of 
growing children and adolescents change mostly as a function of age and consequently as a function of body height 
(BH). It is defi ned by an increase in the lung volume, which naturally follows an increase of body proportions, 
mostly defi ned by an increase of the BH. However, PF is also dependent on diff erences in the functionality of 
the respiratory system, not necessarily related to growth (Peric, Cavar, Zenic, Sekulic, & Sajber, 2014). One of 
such factors is smoking status. Passive smoking (PS) negatively infl uences RS (Haby, Peat, & Woolcock, 1994; 
Nuhoglu et al., 2003; Sherrill et al., 1992), especially to those children whose mothers smoked during pregnancy 
(Rizzi et al., 2004), and who were exposed to passive smoking during the fi rst fi ve years of life (Wang et al., 1994). 
Moreover, it is supposed, although not extensively studied, that physical exercise and sport activity positively 
infl uence PF in youngsters (Courteix, Obert, Lecoq, Guenon, & Koch, 1997; Goic-Barisic et al., 2006; Nourry 
et al., 2004). Some authors (Courteix et al., 1997; Nourry et al., 2004) showed a signifi cant improvement in 
PF of active young athletes in longitudinal studies, and others (Goic-Barisic et al., 2006) identifi ed signifi cant 
diff erences in PF between exercised and non-exercised children. However, there are evident disagreements about 
the possible factors which lead to the dominance of exercised children in the PF variables, in comparison to the 
non-exercised controls. More precisely, there is no fi rm evidence that physical training improves PF in humans. 
However, most of these studies might suff er from sport-selection eff ects and, therefore, the statistical suppressor 
eff ect. Finally, studies investigating the infl uence of passive smoking and sports training on the PF in children 
are scarce. Th erefore, in this article, we analysed the PF status of prepubescent athletes (basketball players and 
dinghy sailors) and non-athletes, and studied the possible infl uence of passive smoking status on their PF. 
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We were of the opinion that dinghy sailing (one person sailing in small boats; e.g. Optimist and Cadet sailing 
class), and basketball are interesting for the purpose of studying PF because of the following: (a) sailing is 
performed in the open air and sea, which can lead to certain advantages regarding respiratory function (clean 
and fresh air, aerosols, etc.), but also risks (cold and wind exposure for example); (b) sailing is mostly static and 
characterized by static muscle contractions, while basketball is a dynamic sport. Th e diff erence in dynamics leads 
to obvious diff erences in oxygen uptake for those two sports; less than 40 and more than 50 ml/kg/min for sailing 
and basketball, respectively (Apostolidis, Nassis, Bolatoglou, & Geladas, 2006; Sekulic, Medved, Rausavljevi, & 
Medved, 2006). Th erefore, we presumed the possible diff erential eff ects in the PF of the two sports studied.

Methods
Th e sample consisted of 75 subjects in total (age 11.3±2 months), divided into two experimental groups (E) 
and one control group (C; N = 25). Th e fi rst E group consisted of young dinghy sailors (ES; N = 23), and the 
second one of young basketball players (EB; N = 27). Th e C group consisted of boys who were not engaged in 
any organized sports activity apart from PE. None of the examinees reported any recent health problems and 
any respiratory diseases. For all the subjects at least one parent was informed about the purpose of the study, 
giving their informed consent. 

PF testing was performed using the Jaeger MasterLab (Erich Jaeger GmbH & CoKG, Wűrzburg, Germany) 
(Sekulic & Tocilj, 2006; Goic-Barisic et al., 2006; Peric at al., 2014). Th e same person performed all the tests on 
the subjects. All the subjects were given standardized instructions on the forced maximal expiratory manoeuvres 
with a demonstration of the procedures. Th e tests were performed with the subjects sitting, breathing through 
a mouthpiece with a nose clip. Th e spirometer was calibrated by means of two syringes using the instrument’s 
automatic calibration programme. Parameters derived from the fl ow-volume curves were: inspiratory vital 
capacity (VCIN) forced vital capacity (FVC), forced expiratory volume in one second (FEV1), peak expiratory 
fl ow (PEF), maximal expiratory fl ow at 50% and 75% exhalation (MEF50 and MEF25). Since the previous 
studies dealt with two sets of pulmonary variables (Sekulic & Tocilj, 2006), the VCIN, FVC, FEV1 are used to 
describe the airway obstruction in the large airways (large airways variables (LAV)), whereas PEF, MMEF, and 
MEF values were used to describe the airway obstruction in the small airways (small airways variables (SAV)). 

Apart from PF, body height (BH) and body weight (BW), and skinfold variables were measured which allowed 
us to calculate body fat percent (BF%) according to the Siri equation (Elberg et al., 2004). 

None of the examinees was an active smoker. Th e passive smoking status was identifi ed using a simple 
questionnaire consisting of two questions: 1) Is anyone in your household a smoker? (If no) 2) Has anyone 
of your household quit smoking? When the fi rst question was answered positively, we considered the subject 
to be a passive smoker (PS). If both questions were answered negatively, we considered the subject to be not 
exposed to passive smoking (NS). Finally, if only the second question were answered positively, we excluded 
the subject from the study. Th e passive smoking status was also verifi ed by one parent. If the parent’s result 
on the questionnaire was in disagreement with the subject’s result on the questionnaire, the subject was not 
included in the study. Accordingly, based on both criteria, the drop-out in the E groups was about 7% (4 
subjects). Th e questionnaire was found to be highly reliable per Spearman’s correlation coeffi  cient (0.92) 
calculated for the test-retest on the questionnaire.

For all the variables, we calculated the descriptive statistics. Th e student’s T-test for the independent 
(non-correlated samples) was applied to determine the signifi cance of the diff erences between the groups 
in anthropometric variables (BH, BW, and BF%). Additionally, the multivariate analysis of the variance 
(MANOVA) was applied for the purpose of the multivariate comparison of SAV and LAV separately between 
the diff erent groups of subjects. We calculated MANOVA diff erences for LAV and SAV within EB, ES, and 
C regarding the smoking status, and between EB, ES, and C (separately for PS and NS). Factor analysis was 
used to determine the factor structure and character of the relationships between variables. All the coeffi  cients 
were considered signifi cant at a level of 0.95 (p<0.05). All the calculations were performed using Statsoft ’s 
Statistica, version 6.0.

Results
Th e EB are the tallest of all subjects and, when compared to ES, dominant in BW. Th e EB and ES do not signifi cantly 
diff er in BF%, while the highest values of the BW and BF% are found in C group (all presented in Table 1).

TABLE 1 Descriptive statistics (Mean±SD) and t- test signifi cance 

Total
Sailing

(ES)

Basketball

(EB)

Control

(C)

BH (cm) 155.41 ± 8.13 152.09 ± 8.12 159.52 ± 9.99 a 154.54 ± 6.32

BW (kg) 47.04 ± 10.09 40.36 ± 6.41 45.29 ± 8.12 a 53.55 ± 12.11 a,b

BF% (%) 19.61 ± 8.22 14.78 ± 3.21 16.33 ± 5.21 25.89 ± 8.61 a,b

Legend: BH - body height; BW - body weight; BF% - percent of the body fat; a signifi cantly diff erent from ES; b signifi cantly 
diff erent from EB
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In Figures 1 and 2, relative LAV and SAV parameters are presented and statistically compared between the 
groups, separately for PS and NS. Within the NS sub-sample, EB and ES signifi cantly dominate in the relative 
LAV and SAV values, in comparison to C. In the PS sub-sample, the groups do not diff er signifi cantly in LAV, 
or in SAV.

FIGURE 1 Relative values of the large airway variables (mean ± SEM) and multivariate analysis of the variance 
signifi cance when comparing young sailors (S), young basketball players (B), and control (C), separately in the non-
exposed to passive smoking (NS) and passive smokers (PS). VCIN - inspiratory vital capacity, FVC - forced vital capacity, 
FEV1 - forced expiratory volume in one second, PEF - peak expiratory fl ow, MEF50 - maximal expiratory fl ow after 50% 
exhalation, MEF25 - maximal expiratory fl ow after 75% exhalation

FIGURE 2 Relative values of the small airway variables (mean ± SEM) and multivariate analysis of the variance 
signifi cance when comparing young sailors (S), young basketball players (B), and control (C), separately in the non-
exposed to passive smoking (NS) and passive smokers (PS). VCIN - inspiratory vital capacity, FVC - forced vital capacity, 
FEV1 - forced expiratory volume in one second, PEF - peak expiratory fl ow, MEF50 - maximal expiratory fl ow after 50% 
exhalation, MEF25 - maximal expiratory fl ow after 75% exhalation
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When comparing PS and NS within the diff erent groups of subjects, we found no signifi cant diff erences 
between PS and NS in LAV (Figure 3), or in SAV (Figure 4).

FIGURE 3 Relative values of the large airway variables (mean ± SEM) and multivariate analysis of the variance 
signifi cance when comparing NS (non-exposed to passive smoking) and PS (passive smokers) in the young sailors (S), 
young basketball players (B), and control (C). VCIN - inspiratory vital capacity, FVC - forced vital capacity, FEV1 - forced 
expiratory volume in one second

FIGURE 4 Relative values of the small airway variables (mean ± SEM) and multivariate analysis of the variance 
signifi cance when comparing NS (non-exposed to passive smoking) and PS (passive smokers) in the in the young 
sailors (S), young basketball players (B), and control (C). PEF - peak expiratory fl ow, MEF50 - maximal expiratory fl ow 
after 50% exhalation, MEF25 - maximal expiratory fl ow after 75% exhalation
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Discussion
Th e EB dominance in BH was expected since boys who chose to participate in basketball sports training were 
signifi cantly taller than others even two years before our experiment (see Table 1). Diff erences in BF% in which 
E groups were signifi cantly lower in values than C were also expected. Briefl y, the previous studies regularly 
found that additional physical activity (e.g. sports activity) in pre-pubertal boys leads to more systematic 
changes in the anthropometric status, when compared to less physically active peers, mostly observable in 
skinfold and BF measures (Dowda, Ainsworth, Addy, Saunders, & Riner, 2001; Mukhopadhyay, Bhadra, & 
Bose, 2005; Sekulic, Krstulovic, Katic, & Ostojic, 2006). We found that the groups did not diff er signifi cantly 
in BW, nor triceps skinfold (e.g. body fat). Th e only diff erence was found in BH, where EB where signifi cantly 
taller than ES (see previous text). 

Observations and discussion regarding PF are divided into the next paragraphs. 

Pulmonary function in prepubescent athletes and non-athletes 

Th e problem of a possible positive infl uence of physical activity on PF persists. In some prior studies (Zinman 
& Gaultier, 1987) authors concluded that lung volumes in young athletes (swimmers) could not be accounted 
for by an increased ability to infl ate and defl ate the lungs by the respiratory muscles. However, in a more 
recent study (Courteix et al., 1997), the authors were of the opinion that physical training directly stimulates 
lung growth by harmonizing the development of the airways and alveolar lung spaces. Since we found the 
signifi cant dominance of the ES and EB in LAV and SAV variables when comparing them to the less physically 
active controls, the data presented herein support the idea of a positive infl uence of physical exercise on the 
PF in children. However, there are no signifi cant diff erences between the ES and EB in any of the analysed set 
of variables. We are of the opinion that two possible explanations have to be indicated for such a condition. 
First, there is a possibility that two years of active sport participation at such an age (from 9 to 11 years of 
age) is a relatively short period for any signifi cant diff erential eff ects of the two diff erent sports (in our case, 
sailing and basketball) on the PF in young athletes. It is especially apparent if we observe the numerical 
(although not signifi cant) dominance of the EB in comparison to ES in most of the LAV (Figure 3). Hence, it 
is possible that the dynamic character of the basketball game, and the higher oxygen consumption, assure a 
more generative basis for the PF development, mostly by encouraging larger respiratory excursions. Th ere are 
some opinions that it can result in a larger ventilatory or total lung capacities without necessarily refl ecting 
more or larger alveoli (Merkus, Ten Have-Opbroek, & Quanjer, 1996). It seems logical that such changes are 
more observable in LAV than in SAV, where no observable numerical diff erences can be found between ES 
and EB (Figure 3). Another option for the nonsignifi cant diff erences in PF between ES and EB can be found 
in the system of the calculation of the relative PF values. Briefl y, young basketball players are in the tallest two 
percentiles for 11-year-old boys (Malina, Bouchard, & Bar-Or, 2004). Next, the relative parameters of the PF 
herein are calculated using the linear function of the BH and age (Knudson, Slatin Rc, Lebowitz, & Burrows, 
1976). Such equations presume a linear increase of the PF variables with an increase of the BH, since lung 
volume, which naturally follows an increase of body proportions, is mostly defi ned by an increase of the BH. 
However, when the graphical presentations of the relationships between BH and PF are observed (see for 
example Boskabady, Tashakory, Mazloom, & Ghamami (2004), it is clear that the relationship is nonlinear. 
Th e linear calculation of the relative PF values practically penalizes persons whom are signifi cantly taller than 
average (in our case, young basketball players), mostly because the body proportions in very tall subjects is 
not followed by proportional increases in other body proportions (diameters of the chest, for example). It is 
indirectly supported by numerous studies which introduced and studied the diff erent allometric (nonlinear) 
calculations in human performance (Hoff , Kemi, & Helgerud, 2005; Markovic & Jaric, 2004; Sekulic, Zenic, 
& Markovic, 2005).

Th e signifi cance of the diff erences in LAV, which was previously discussed, exists in SAV, where the E groups 
achieved signifi cantly better results than the controls. However, the numerical diff erences between the two E 
groups previously noted in LAV variables are not so pronounced in SAV variables. 

Nevertheless, all the diff erences we discussed so far are signifi cant exclusively in the sub-sample of subjects 
who were not exposed to tobacco smoke (NS). More precisely, when comparing the passive smokers of the 
three groups (ES, EB, and C), we found no signifi cant diff erences in PF. We will try to identify the possible 
reasons in the following text. 

Pulmonary function in prepubescent passive smokers and non-exposed to passive smoking 

According to the presented data, and MANOVA calculations, passive smoking does not signifi cantly 
infl uence PF in prepubescent boys. However, it cannot be ignored that the pulmonary variables of the PS 
subjects are regularly numerically (although not signifi cantly) lower than NS subjects in all the three groups 
of subjects (ES, EB, and C). Th e nonsignifi cant diff erences in LAV and SAV status of PS, when compared to 
NS, are not unidentifi ed so far. Although most of the previous studies reported a negative infl uence of passive 
smoking on the PF of the subjects (Cook, Strachan, & Carey, 1998), it is not rare to fi nd studies in which a 
negative infl uence was not established, and/or the diff erences did not reach any appropriate level of statistical 
signifi cance (Bek, Tomac, Delibas, Tuna, & Tezic, 1999), while others found a dose-eff ect relationship (Rizzi 
et al., 2004). Since most of the PF values were lower in PS, it seems reasonable to expect that aft er an extended 
length of time of exposure to passive smoking the diff erences between PS and NS will increase, and therefore 
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will be signifi cant in the future. Such a conclusion can be supported by previous studies in which the signifi cant 
negative infl uence of passive smoking was regularly established when studying somewhat older children than 
those in our experiment (16 and 14 years in average) (Goic-Barisic et al., 2006; Rizzi et al., 2004). Another 
factor should be noted when explaining the nonsignifi cant diff erences between PS and NS in the studied 
samples of subjects in this paper. In 2006, Sekulic and Tocilj observed a non-systematic relationship in LAV 
and SAV for PS, when compared to NS. Briefl y, the variables of the PF (LAV and SAV separately) are strongly 
correlated in NS exclusively, although those variables practically measure the same status and are infl uenced 
by the same processes. In explaining the relatively low correlation between PF variables in smokers, Sekulic 
and Tocilj (2006) presumed that passive smoking non-systematically negatively aff ects PF, defi ning the low 
correlation between the variables which should be systematically highly correlated. Th e mechanism of such 
a non-systematic infl uence of passive smoking remains unclear, but it is supposed that it depends on several 
factors including (1) dose-eff ects, (2) duration of the exposure to tobacco smoke, (3) artifi cially stimulated and 
shortened breathing in smokers, and/or (4) physical exercise. Th e fi rst two mentioned factors are supposed 
to infl uence PF negatively, and the last two infl uence positively and partially diminish the negative eff ects of 
passive smoking on the PF. Following that idea, we additionally performed a factor analysis trying to establish 
the possible diff erences in the relationships between PF variables in PS, and NS. If such diff erences in the 
relationships exist in this studied sample of subjects (children), it will be a strong support to the previously 
discussed, since studies that suggested the problem of the non-systematic infl uence of the passive smoking 
were performed on adults.

Th e results in Table 2 leave no doubt regarding the more coherent factor structure in the NS than in 
PS. Moreover, in the PS the PEF is projected on the F1 factor of the large airways function. In the NS 
sample, two very clear and easily interpretable factors are extracted, the F1 factor of the large airways 
function and the F2 factor of the small airways function. Since the factor analysis is elementary based on 
the correlation which exists between the diff erent variables (Sekulic, Viskic-Stalec, & Rausavljevic, 2003) it 
is clear that conclusions from the previous studies regarding the non-systematic negative eff ect of passive 
smoking on the PF are supported herein. Th ere is one more thing to support all that is said, and it relates 
to the variability of the results in the PS. It is clear that all the variables in the PS are more dispersed in 
comparison to the same variables in the NS subjects. Since the variability of the results determines the 
possibility of reaching the appropriate statistical signifi cance of the diff erences (in our case, the signifi cance 
of the diff erences between PS and NS), it is one more reason why we did not fi nd any signifi cant diff erence 
between PS and NS in any of the PF variables, although numerical diff erences of means are observable in 
most cases.

Conclusions
Th e results of this study indicated signifi cantly higher values of LAV and SAV in young athletes when 
compared to age-related controls, indicating a possible positive infl uence of physical exercise on the PF, 
affi  rming the fi rst hypothesis of our study. It seems that the dynamic character of the basketball game has no 
diff erential eff ect on the PF when compared to the static character of dinghy sailing. Th erefore, the second 
hypothesis of our study, in which we assumed more positive infl uence on the basketball game on the PF in 
boys, cannot be confi rmed. Herein, we did not fi nd any signifi cant diff erences between passive smokers and 
examinees non-exposed to passive smoking in PF, probably because of the high variability of the results which 
did not allow reaching the acceptable level of signifi cance. Moreover, we studied young children (11 years of 
age), while signifi cant diff erences in the PF status between passive smokers and examinees non-exposed to 
passive smoking was previously regularly found for older children. Consequently, the third hypothesis of our 
study has to be rejected. 

TABLE 2 Factor analysis for the pulmonary function variables 
             PS NS

F1 F2 F1 F2

VCIN 0.97 0.02 0.95 0.2

FVC 0.97 0.07 0.95 0.21

FEV1 0.89 0.37 0.83 0.48

PEF 0.71 0.44 0.33 0.74

MEF50 0.27 0.90 0.20 0.93

MEF25 0.05 0.96 0.20 0.85

Expl.Var 3.25 2.05 2.68 2.45

Prp.Totl 0.54 0.34 0.45 0.41

Legend: PS - passive smokers, NS – non-exposed to passive smoking, VCIN - inspiratory vital capacity, FVC - forced vital 
capacity, FEV1 - forced expiratory volume in one second, PEF - peak expiratory fl ow, MEF50 - maximal expiratory fl ow 
after 50% exhalation, MEF25 - maximal expiratory fl ow after 75% exhalation; Expl.Var. - Variance explained, Prp.Totl. - 
Proportion of the total variance explained, F1 and F2 – factor structure
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Th ere is certain evidence that the calculation of the relative PF values in children penalizes tall subjects, and 
should be revalidated. Further studies should defi ne the longitudinal infl uence of sports training on the PF 
while precisely controlling sports selection and its infl uence on the PF results.

Acknowledgement
Th e authors gratefully acknowledge the support and help of Ms Ana Erceg and Ms Milena Marovic from the 
Pulmonary Division of the Clinical Hospital Split.

R E F E R E N C E S 
Apo stolidis, N., Nassis, G. P., Bolatoglou, T., & Geladas, N. D. (2006). Physiological and technical characteristics 

of elite young basketball players. Journal of Sports Medicine and Physical Fitness, 44(2), 157-163. 
Bek , K., Tomac, N., Delibas, A., Tuna, F., & Tezic, H. T. (1999). Th e eff ect of passive smoking on pulmonary 

function during childhood. Postgraduate Medical Journal, 75(884), 339-341. 
Bos kabady, M. H., Tashakory, A., Mazloom, R., & Ghamami, G. (2004). Prediction equations for pulmonary 

function values in healthy young Iranians aged 8–18 years. Respirology, 9(4), 535-542. 
Coo k, D. G., Strachan, D. P., & Carey, I. M. (1998). Parental smoking and spirometric indices in children. 

Th orax, 53(10), 884-893. 
Cou rteix, D., Obert, T., Lecoq, A. M., Guenon, P., & Koch, G. (1997). Eff ect of intensive swimming training on 

lung volumes, airway resistances and on the maximal expiratory fl ow-volume relationship in prepubertal 
girls. European Journal of Applied Physiology and Occupational Physiology, 76(3), 264–269. 

Dow da, M., Ainsworth, B. E., Addy, C. L., Saunders, R., & Riner, W. (2001). Environmental Infl uences, 
Physical Activity, and Weight Status in 8- to 16-Year-Olds. Arch Pediatr Adolesc Med., 155(6), 711-
717. 

Elb erg, J., Mcduffi  e, J. R., Sebring, N. G., Salaita, C., Keil, M., Robotham, D., . . . Yanovski, J. A. (2004). 
Comparison of methods to assess change in children’s body composition. Th e American Journal of Clinical 
Nutrition, 80(1), 64-69. 

Goi c-Barisic, I., Bradaric, A., Erceg, M., Barisic, I., Foretic, N., Pavlov, N., & Tocilj, J. (2006). Infl uence of 
passive smoking on basic anthropometric characteristics and respiratory function in young athletes. 
Collegium Antropologicum, 30(3), 615–619. 

Hab y, M. M., Peat, J. K., & Woolcock, A. J. (1994). Eff ect of passive smoking, asthma, and respiratory infection 
on lung function in Australian children. Pediatric pulmonology, 18(5), 323–329. 

Hoff  , J., Kemi, O. J., & Helgerud, J. (2005). Strength and Endurance Diff erences Between Elite and Junior Elite 
Ice Hockey Players. Th e Importance of Allometric Scaling. International Journal of Sports Medicine, 26(7), 
537-541. 

Knu dson, R. J., Slatin Rc, R. C., Lebowitz, M. D., & Burrows, B. (1976). Th e Maximal Expiratory Flow-Volume 
Curve. American Review of Respiratory Disease, 113(5), 587-600. 

Mal ina, R. M., Bouchard, C., & Bar-Or, O. (2004). Growth, maturation, and physical activity (Second ed.): 
Human Kinetics.

Mar kovic, G., & Jaric, S. (2004). Movement performance and body size: the relationship for diff erent groups 
of tests. European Journal of Applied Physiology, 92(1), 139–149. 

Mer kus, P. J., Ten Have-Opbroek, A. A., & Quanjer, P. H. (1996). Human lung growth: A review. Pediatric 
pulmonology, 21(6), 383–397. 

Muk hopadhyay, A., Bhadra, M., & Bose, K. (2005). Anthropometric Assessment of Nutritional Status of 
Adolescents of Kolkata, West Bengal. Journal of Human Ecology, 18(3), 213-216. 

Nou rry, C., Deruelle, F., Guinhouya, C., Baquet, G., Fabre, C., Bart, F., . . . Mucci, P. (2004). High-intensity 
intermittent running training improves pulmonary function and alters exercise breathing pattern in 
children. European Journal of Applied Physiology, 95(4), 415-423. 

Nuh oglu, C., Gurul, M., Nuhoglu, Y., Karatoprak, N., Sonmez, E. O., Yavrucu, S., & Ozguner, A. (2003). 
Eff ects of passive smoking on lung function in children. Pediatrics International, 45(4), 426–428. 

Peric, M., Cavar, M., Zenic, N., Sekulic, D., & Sajber, D. (2014). Predictors of competitive achievement among 
pubescent synchronized swimmers: an analysis of the solo-fi gure competition. Journal of Sports Medicine 
and Physical Fitness, 54(1) 16-26.

Riz zi, M., Sergi, M., Andreoli, A., Pecis, M., Bruschi, C., & Fanfulla, F. (2004). Environmental tobacco smoke 
may induce early lung damage in healthy male adolescents. Chest, 125(4), 1387-1393. 

Sek ulic, D., Krstulovic, S., Katic, R., & Ostojic, L. (2006). Judo Training is More Eff ective for Fitness 
Development Th an Recreational Sports for 7-Year-Old Boys. Pediatric Exercise Science, 18, 329-338. 

Sek ulic, D., Medved, V., Rausavljevi, N., & Medved, V. (2006). EMG analysis of muscle load during simulation 
of characteristic postures in dinghy sailing. Journal of Sports Medicine and Physical Fitness, 40, 20-27. 

Sek ulic, D., & Tocilj, J. (2006). Pulmonary Function in Military Divers: Smoking Habits and Physical Fitness 
Training Infl uence. Military Medicine, 171(11), 1171-1175. 

Sek ulic, D., Viskic-Stalec, N., & Rausavljevic, N. (2003). Non-linear relations between selected anthropological 
predictors and psycho-physiological exercise-responses. Collegium Antropologicum, 27(2), 587–598. 

Sek ulic, D., Zenic, N., & Markovic, G. (2005). Non Linear Relationships between Anthropometric and Motor-
Endurance Variables. Collegium Antropologicum, 29(2), 723-730. 



72 UDC 796.011.1:613.84-053.6

PULMONARY STATUS IN YOUNG ATHLETES AND NONATHLETES | M. JELIČIĆ ET AL.

She rrill, D. L., Martinez, F. D., Lebowitz, M. D., Holdaway, M. D., Flannery, E. M., Herbison, G. P., . . . Sears, 
M. R. (1992). Longitudinal Eff ects of Passive Smoking on Pulmonary Function in New Zealand Children. 
American Review of Respiratory Disease, 145(5), 1136-1141. 

Wan g, X., Wypij, D., Gold, D. R., Speizer, F. E., Ware, J. H., Ferris Jr, B. G., & Dockery, D. W. (1994). A 
longitudinal study of the eff ects of parental smoking on pulmonary function in children 6-18 years. 
American Journal of Respiratory and Critical Care Medicine, 149(6), 1420-1425. 

Zin man, R., & Gaultier, C. (1987). Maximal static pressures and lung volumes in young female swimmers: 
One year follow-up. Pediatric pulmonology, 3(3), 145–148.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


