
Abstract. – OBJECTIVE: Recent studies
demonstrated that current European Respiratory
Society/American Thoracic Society spirometric
reference equations, used in general population,
may not be applicable in population of elite ath-
letes. Althought it is well known that physical ac-
tivity may affect lung volumes, the effect of sport-
ing activity on pulmonary function testing in-
dices was never examined. The aim of this study
was to examine the differences in functional res-
piratory parameters in various types of sports by
measuring lung volumes and to extend the exist-
ing factors as well as sport disciplines which af-
fect respiratory function the most.

SUBJECTS AND METHODS: A total of 1639
elite male athletes, aged 18-35 years were divid-
ed in 4 groups according to the predominant
characteristics of training: skill, power, mixed
and endurance athletes. They performed basic
anthropometric measurements and spirometry.
Groups were compared, and Pearson’s simple
correlation was performed to test the relation
between anthropometric and spirometric char-
acteristics of athletes.

RESULTS: All anthropometric characteristics
significantly differed among groups and correlate
with respiratory parameters. The highest correla-
tion was found for body height and weight.

CONCLUSIONS: Sports participation is asso-
ciated with respiratory adaptation, and the ex-
tent of adaptation depends on type of activity.
Endurance sports athletes have higher lung
volumes in comparison with skill, mixed and
power group of sport.
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Introduction

It is well known that the musculo-skeletal and
the cardiovascular system are actively involved dur-
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ing muscular exercise and that both organ systems
undergo adaptive changes in response to regular en-
durance exercise. In contrast, it is generally be-
lieved that respiratory system is not significantly
different in physically trained individuals when
compared with sedentary population1. Considering
the fact that all of them are involved in oxygen
transportation, the exact reason for the substantially
lesser extent of pulmonary system adaptation pro-
longed exercise are not completely understood.
However, it was never examined the effect of sport-
ing activity on pulmonary function testing indices
that is FEV1 and FVC and the FEV1/FVC ratio2.
In general population, predicted values of lung

volumes are based on age, gender, race, and height.
The ERS/ATS reports on lung volume measure-
ments and its reference value for children and
adults are widely used, even for athletic popula-
tion3,4. Hovewer, there are no normative predictive
values for athletes, and reference values for general
population overestimate lung function in athletes5.
Lung development, and consequently lung

volumes, could change its performance depend-
ing on type, intensity, severity, duration and fre-
quency of sports activity6.
The purpose of this investigation was to exam-

ine the differences in functional respiratory para-
meters in various types of sports, by measuring
lung volumes. The second aim was to find out
which sport disciplines improves respiratory
function the most.

Subjects and Methods

Subjects
A cross-sectional study was conducted during

a 2-yr period from November 2012 to February
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comfort temperature (between 18-22°C), the at-
mospheric pressure of 760 mmHg, and a relative
atmospheric humidity of 30 to 60%. The temper-
ature, humidity and atmospheric pressure were
continuously measured at the lab.
Spirometry was performed using the (Turn-

inac, Pneumotah) Pony FX (Cosmed Pulmonary
Function Equipment, Rome, Italy). Spirometry
was performed following the ATS/ERS recom-
mendations3. Body mass (kg; Seca 761 scales, ±
0.5 kg; Seca Co., Hamburg Germany) and stature
(m; Cranlea JP60 portable stadiometer, + 0.001
m; Cranlea & Co) were also measured using
standardized anthropometric techniques. Body
mass index (BMI) was calculated for all the par-
ticipants as the ratio of body mass (kilograms)
divided by body height (meters) squared. The
participant’s percentage of body fat (BF %) was
measured using the bioimpedance segmental
body composition analyzer (BC-418 Segmental
Body Composition Analyzer, Tanita, IL, USA).

Statistical Analysis
Continuous data are expressed as mean ± SD.

Categorical data are expressed as frequencies.
Statistical significance was set for a 2-tailed p
value <0.05. One-way analysis of variance with
multiple Bonferroni post hoc tests was used to
assess differences between athletes according to
the types of sports in which they participated.
Data are adjusted for age and height. Pearson’s
simple correlation was performed to test the rela-
tion between anthropometric and spirometric
characteristics of athletes. Statistical analysis was
performed using SPSS software version 12.0
(SPSS, Inc., Chicago, IL, USA).

Results

Demographic characteristics of athletes are
listed in Table I. There was no difference in age
among groups. In all other anthropometric para-
meters they statistically significantly differed.
The highest athlete, as well as toughest, belonged
to mixed group. BMI for skills, power, mixed
group had statistically significant relevance ac-
cording to endurance group. Skill group statisti-
cally significant differed in percentage of body
fat and muscle.
Spirometric values for each group are showed

in Tables II and III. There was statistical signifi-
cant relevance in VC for power and mixed group
to endurance group.

2014 in Serbian Institute of Sports in Belgrade.
The study included 1639 male athletes. The Insti-
tutional Review Board for Medical Ethics ap-
proved the research protocol.
Inclusion criteria were: male athletes (who are

at least five years of active, competitive play
sports and train at least 15 hours a week), ages
between 18 and 35 years and who participated in
international competition.
Exclusion criteria were: respiratory symptoms

(current infection, any kind of chest discomfort,
history of serious pulmonary disease and thoracic
injury including rib fractures), physical findings
suggesting cardiopulmonary disease, evident
chest deformity, steroid abuse, injuries which
seeked to rest for at least 3 months in last year.
Subjects were included in the study if they did
not meet any of the exclusion criteria.
The mean age of all participants was 22±4

years (range 18-35). We classified the athletes
into 4 subgroups according to the predominant
characteristics of training: 1) skill (primary
tehnical activity [n=115] i.e., artistic gymnastic,
fencing, karate, taekvondo, golf, table tennis,
equestrian and sailing; 2) power activities (pri-
marily isometric activities [n= 69] featuring
weightlifting, wrestling, short- distance running
(100-200 m); 3) mixed disciplines (combining
isometric and isotonic components [n=1225],
including soccer, basketball, handball, volley-
ball, water polo, tennis); 4) endurance disci-
plines (primary isotonic activities [n=230] in-
cluding rowing and canoeing, swimming, long-
distance running and marathon, cycling,
triathlon and pentathlon7.

Methods
Testing was started between 09:30 and 11 AM

by filling out a standardized sports medical ques-
tionnaire which contains 36 questions (concern-
ing personal, family and the history of systems).
The questionnaire was supplemented with infor-
mation about when the subject started to work
out, how many times daily and weekly is he
training, what type of training, as well as the du-
ration of each workout. At the end of the ques-
tionnaire subjects put its signature confirming the
accuracy of the data. Completed, and then re-
viewed the questionnaire was used for the defini-
tive selection of the subjects reported.
The testing took place in laboratory settings, at

the same time of day (morning), the same instru-
ments and technique. Measurements were carried
out under standard environmental conditions;
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Group correlation presents analysis for all 4
investigated groups together (skills, power,
mixed, endurance, respectively). All anthropo-
metric parameters correlate with respiratory para-
meters. The highest correlation was found for
body height and weight in skill, mixed and espe-
cially in endurance group. Body height had posi-
tive influence on VC, FVC and FEV1 in power
activities, while body weight influenced only on
FEV1. Also, all anthropometric parameters had
negative correlations with FEV1/FVC, statistical-
ly not significant only in cases of BF and BM.

Discussion

Lung volumes were significantly higher than
reference values in all groups of athletes. Our re-
sults support the fact that most of the athletes ad-
hered to a high volume of respiratory system
similar to those reported before8,9.
The higher respiratory parameters were found

in endurance group. Apart height, which is stan-

dardized for spirometric reference value, we also
observed significant relationship between body
weight and lung function parameters in athletes.
There are several potential reasons why athletes
have higher lung volumes. Exercise training im-
proves endurance and strength of respiratory
muscles; it also causes resistance reduction in
respiratory canals, and increases lung elasticity
and alveolar expansion. Therefore, selection of
appropriate type of exercise training may be an
important factor in prevention or lowering of res-
piratory diseases and increase the efficacy of this
system. On the other hand, there are some data
that respiratory muscle training (RMT) and par-
ticularly inspiratory muscle training (IMT) are
the ways how an athlete could improve his/her
performance10,11. The impact of RMT on sport
performance is quite contentious. Some studies
demonstrated minimal influence on performance,
whereas other reports describe improved sport
performance after RMT.
In our study, the higher percentage of VC, FVC

and FEV1 had endurance group of athletes (rowing
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Skill Power Mixed Endurance
Variable (n = 115) (n = 69) (n = 1225) (n = 230) p

Age (years) 23.77 ± 4.78 25.14 ± 4.24 21.38 ± 4.12 22.37 ± 4.25 NS
Body height (cm) 181.04 ± 7.42∅ 180.22 ± 7.89∅ 190.61 ± 10.21# 183.48 ± 8.64 <0.001
Body weight (kg) 78.75 ± 12.93∅ 81.47 ± 17.93# 87.26 ± 14.18 77.36 ±11.57 <0.001
BMI (kg/m2) 23.99 ± 3.31# 25.14 ± 4.83∅ # 23.91 ± 2.69# 23.05 ± 2.48 <0.001
BF (%) 13.92 ± 6.06*∅ # 10.53 ± 2.97 10.79 ± 3.13 10.31 ± 3.01 <0.001
BM (%) 49.83 ± 3.76*∅ # 52.59 ± 2.04 52.45 ± 2.55 52.74 ± 2.29 <0.001

Table I. Demographic characteristics in athletes according to type of sport.

Data are expressed as mean±SD. One-way analysis of variance showed no differences for age between groups (p > 0.05).
BMI-body mass index; BF-body fat, BM-body muscle, NS- not significant. *p < 0.05 vs power athletes; ∅ p < 0.05 vs mixed
athletes; #p < 0.05 vs endurance athletes

Skill Power Mixed Endurance
Variable (n = 115) (n = 69) (n = 1225) (n = 230) p

VC (L) 6.1 ± 0.8 5.8 ± 0.6# 6.0 ± 1.1# 6.2 ± 0.9 <0.001
FVC (L) 5.8 ± 0.8 5.7 ± 1.03# 5.8 ± 0.04# 6.0 ± 0.9 0.003
FEV1 (L) 5.1 ± 0.6* 5.0 ± 0.6* 5.0 ± 1.1# 5.1 ± 0.7 NS
FEV1/VC 83.1 ± 7.1 84.6 ± 5.9# 83.4 ± 8.0# 81.2 ± 6.6 <0.001
PEF (L) 10.9 ± 1.7 10.4 ± 1.7 10.8 ± 2.25 10.9 ± 2.1 NS
FEV1/VC 83.1 ± 7.1 84.6 ± 5.9# 83.4 ± 8.0# 81.2 ± 6.6 <0.001
MVV (L) 183.6 ± 36.3∅ 165.2 ± 44.0# 175.9 ± 38.6 180.7 ± 41.2 0.004

Table II. Spirometric characteristics in athletes according to type of sport- respiratory parameters expressed in litres.

Data are expressed as mean ± SD. FVC-forced vital capacity; FEV1-forced expiratory volume in1 second; PEF-peak expiratoy
flow; VC-vital capacity; FEV1/VC-Tiffeneau-Pinelli index; MVV-maximum voluntary ventilation. ∅ p < 0.05 vs mixed ath-
letes; #p < 0.05 vs endurance athletes.
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and canoeing, swimming, long-distance running
and marathon, cycling, triathlon and pentathlon)
and the lowest value for FVC/ FEV1. Above men-
tioned parameters was significantly lower in
mixed sport group, while power group had lower
only VC. Previous studies had shown that en-
durance athletes had greater FVC, FEV1 and FEV1
values, but lower FEV1/FVC than the sedentary
population12. Endurance athletes have a higher and
prolonged demand for gas exchange, and thus
ventilation during exercise, than power athletes
and non-athletes. This is reflected by the observa-
tion that endurance athletes might develop hypox-
aemia5. Similar to Degens, taking everything into
account, with the exception of FEV1/FVC (the
quotient, dependent on age) we concluded that
lung volumes are better in endurance athletes than
non-athletes12. In case of rowing and canoeing
there are possible explanations for the benefit of
RMT because of its related physiological and me-
chanical demands. During rowing, the accessory
and primary inspiratory muscles are not only re-
cruited for ventilation but also contribute signifi-
cantly to stabilization of the thorax for more effi-

cient transmission of force during the pulling
movement of the oars. Thus, the dual demands
placed on the respiratory muscles may lead to
breathing becoming entrained to the pattern of
movement to maintain performance13. Some meta-
analyses of sports performance showed that swim-
mers and divers showed no overall improvement
in measures of respiratory muscle strength and en-
durance, but higher lung volumes might be ex-
plained with the fact that water pressure on their
thorax during regular swimming training already
induces RMT14.
In endurance exercise (long-distance running

and marathon, cycling, triathlon and pentathlon)
the pulmonary system is usually not considered to
be a limitation to performance. In addition, longi-
tudinal studies of subjects involved in land based
activities showed lung volume to be unaffected by
short term training. Our results disagree with pre-
vious studies that have measured lung volumes in
these sports15. Looking into correlations analysis
for endurance group, all investigated parameters
(excluding BF which had negative correlation)
had high significant correlation with investigated
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Skill Power Mixed Endurance
Variable (n = 115) (n = 69) (n = 1225) (n = 230) p

VC (%) 104.4 ± 12.3 101.4 ± 11.1# 102.5 ± 13.0# 106.7 ± 11.5 <0.001
FVC (%) 104.7 ±12.1 102.5 ± 11.2 103.4 ± 14.2# 107.2 ± 11.9 0.001
FEV1 (%) 106.9 ± 11.4 104.8 ± 9.5 105.2 ± 13.8 107.7 ± 10.9 NS
FEV1/VC (%) 100.3 ± 9.0 101.5 ± 8.0# 100.5 ± 9.3# 98.1 ± 7.8 0.002
PEF (%) 110.3 ± 17.9 107.7 ± 15.8 109.6 ± 20.4 108.9 ± 19.5 NS
MVV (%) 115.2 ± 24.9 110.2 ± 18.6 111.6 ± 28.4# 115.5 ± 26.3 NS

Table III. Spirometric characteristics in athletes according to type of sport presented as the percentage of predictive values for
age and height.

Data are expressed as mean ± SD. FVC-forced vital capacity; FEV1-forced expiratory volume in1 second; PEF-peak expiratoy
flow;VC-vital capacity; FEV1/VC-Tiffeneau-Pinelli index; MVV-maximum voluntary ventilation. #p < 0.05 vs endurance athletes.

VC (l) FVC (l) FEV1 (l) FEV1/VC PEF (l) MVV (l)

Age (years) 0.111** 0.099** -0.021 -0.211** 0.241** 0.138**

Body height (cm) 0.663** 0.552** 0.428** -0.205** 0.377** 0.356**

Body weight (kg) 0.594** 0.197** 0.119** -0.243** 0.323** 0.332**

BMI (kg/m2) 0.212** -0.143** -0.128** -0.154** 0.100** 0.132**

BF (%) -0.123** 0.138** 0.146** -0.016 -0.085** -0.053*

BM (%) 0.127** -0.041** 0.058** -0.008 0.039 0.052

Table IV. General correlations for all groups of sport.

BMI-body mass index; BF-body fat, BM-body muscle; FVC-forced vital capacity; FEV1-forced expiratory volume in 1 second;
PEF-peak expiratoy flow;VC-vital capacity; FEV1/VC-Tiffeneau-Pinelli index; MVV-maximum voluntary ventilation.
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).



respiratory parameters. Those findings are similar
to some other previous researches16,17. On the oth-
er hand Hagberg et al16 reported that values for
static lung volumes (TV and FVC) of accom-
plished marathoners and other endurance trained
athletes were no different from those of untrained
controls of comparable body size. However, Cor-
dain et al17 reported larger than normal static lung
volumes in swimmers and divers when compared
to normal non-athletes17. Also, compared to the
other sports included in this study (except swim-
ming) more force has to be generated while run-
ning at great speed in the erect posture which is
the normal body position in humans18. Compara-
tive studies between endurance and other sport
have not been done yet.
In general population, pulmonary func-

tion varies with age, standing height, sex and eth-
nicity4. As it was expected, in our study, there
were significant differences in body composition
parameters among groups.
We found the highest statistically correlations

between body height and body weight with VC,
FVC, FEV1, PEF and MVV (but not for
FEV1/FVC). As in general population, body height
had the greatest influence on all respiratory para-
meters in our subjects. Percentage of BF had statis-
tically significant correlation with FVC, FEV1 but
negative correlation with VC, PEF, MVV. In fact,
the latter, had only negative correlations with BF,
among all anthropometric parameters. With the ex-
ception of power athletes BF was inversely related
to all respiratory parameters.
Percentage of body muscles had positive cor-

relation with VC, FEV1 and negative with FVC,
and FEV1/FVC. In fact, BM was the only para-
meter which had no correlation with PEF and
MVV. In endurance and mixed activity group,
body mass had statistically high correlations with
all respiratory parameters, while in skill and
power activities there was no correlations.
Our results strongly suggest that the intensity

or severity of the sports engaged in by the ath-
letes probably determines the extent of strength-
ening of the respiratory muscles with a resultant
increase in the lung volumes. Elite athletes have
significantly higher lung volumes compared to
currently predicted values of non-athletes. Apart
improvement of lung function in endurance ath-
letes, there are some disagreement about risk of
sudden death in this particular group of sport and
influence of type and intensity of training on
heart remodeling19. This potential discrepancy
could emphasise further investigations combin-

ing lung and heart function together not just for
endurance sport, but for the others sports as well.
Individuals participating in sporting activities
may have higher spirometric values compared to
predict ones for general population which may
lead to misclassification of this population and
misdiagnosis during evaluation from clinicians.
Our work suggest necessity for spirometric

reference value for athletes and possible consid-
eration of including body weight in calculating
and predict reference value, apart general known
parameters.

Conclusions

Our study included only male athletes’ ages
18-35 years old.
Sports participation is associated with respira-

tory adaptation, and the extent of the adaptation
depends of type of activity. Athletes who partici-
pate in endurance sports activities (rowing and
canoeing, swimming, long-distance running and
marathon, cycling, triathlon and pentathlon) have
higher lung volumes in comparison with skill,
mixed and power group of sport. All investigated
parameters of body composition influence on
respiratory parameters.

Study perspectives: The study was conducted on
a large sample size of athletes who perform
wide range of different type of sport. The fact
that inspiratory muscle fatigue occurs during
sport activity provides further challenge to in-
vestigate the potential role of respiratory mus-
cles training as a method to enhance physical
performance. Clear patterns of the sport that
shows the most obtains or the most efficacious
training protocol of inspiratory/respiratory
muscle training are more difficult to perceive.
Rowing and canoeing, swimming, long-dis-
tance running and marathon, cycling, triathlon
and pentathlon are the sports which improve
respiratory system the most.
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