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Summary. The pulmonary function is one of the most basic factors that determine athletic performance. 
The purpose of this study was to investigate the correlation of the body weight, body fat percentage (fat%), 
body fat mass, fat-free mass, muscle mass, abdominal muscle mass, and waist and hip circumference on the 
forced expiratory volume curve and maximal voluntary ventilation. A total of 398 elite athletes composed of 
254 male and 144 female (mean age, 16.63±2.28 years) were enrolled for this study. The study involved the 
measurements of the body composition by bioelectrical impedance method, and forced vital capacity (FVC); 
forced expiratory volume at 1 second (FEV1); forced expiratory flow during the middle half of the FVC 
(FEF25-75) from the forced expiratory volume curve; and maximal voluntary ventilation (MVV) by spirometry. 
Correlation and multiple regression analysis between the body composition and pulmonary function were 
used. It was determined that there was an important relationship between the demographic characteristics 
and body composition parameters of the athletes and the pulmonary function test values. This relationship 
was categorized as low, medium, high and very high (p <0.05). During the multiple regression analysis related 
to the body composition of the entire group, it was determined that the statistically significant predictors 
of FVC were age, body weight, height, hip circumference and body fat percentage (R=.883, R²=.780, Adj 
R²=.777) (p<0.05). Statistically significant predictors of FEV1 were age, body weight, height, hip circumfer-
ence and body fat percentage (R=.872, R²= .761, Adj R²=.758) (p<0.05). Statistically significant predictors 
of FEF25-75 were age, body weight, height, body fat percentage and muscle mass (R= .728, R²= .530, Adj 
R²=.524) (p<0.05). Finally, significant predictors of MVV were age, body weight, height, waist circumference, 
hip circumference and body fat percentage (R= .774, R²= .599, Adj R²= .591) (p<0.05).  At the end of our 
study, we have determined that the factors affecting the pulmonary function in both male and female athletes 
were not limited to age, gender, and body weight, but also included the body composition parameters such as 
the body fat percentage, body fat mass, muscle mass, fat-free body mass, trunk muscle mass, trunk fat mass, 
and waist and hip circumference.
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O r i g i n a l  a r t i c l e

Introduction 

Body composition is one of the most important 
indicators of physical fitness of an athlete and is also 
a critical parameter in the assessment of nutrition and 
medical condition. Body composition mainly indicates 

the constant and variable rates of fat-free mass, bone   
mass and fat mass in the body (1, 2).

The fat mass in the body acts as an endocrine 
structure and influences many factors that affect meta-
bolically balance (3). Body fat percentage (BFP) is a 
critical indicator for the assessment of athletic per-
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formance (4-6). It has been determined that there is 
an inverse relationship between the BFP and athletic 
performance (7, 8).

Pulmonary function tests (PFT) helps to evalu-
ate the respiratory system and is conducted to identify 
the severity of pulmonary impairment (9). İt has been 
identified that there is a positive relationship between 
the pulmonary function and athletic performance (10). 
Age, body weight, height, and gender of an athlete are 
some of the factors that affect pulmonary function. 
These parameters are used to calculate the normal val-
ues of the pulmonary function tests using regression 
equations (11). Studies conducted on athletes from 
different age groups and different countries show that 
the pulmonary functions were affected in variable de-
grees in terms of body compositions such as mass in-
dex (BMI), waist circumference and fat mass (11-14).

Studies indicate that lung volume in adults de-
crease when their BFP levels increase since it leads to 
fat accumulation in the cavities of abdomen, and in-
ability or restriction of diaphragm expansion (15, 16). 
Similarly, it is stated that low levels of fat-free body 
mass (FFBM) has a direct relationship with the respi-
ratory muscle mass, and the decrease in FFBM rates 
results in also the decrease of forced vital capacity at 
1 second (FEV1). Furthermore, it is shown that the 
waist-hip ratio, which is related to the body fat distri-
bution, is also related to the pulmonary functions (16).

Despite the number of studies showing that ath-
letic performance is related to the body composition (7) 
and pulmonary functions (17), there are limited studies 
on how the body composition in athletes affects pulmo-
nary functions including comparisons between genders 
(18). In light of the available research, we hypothesize 
in our study that there is a relationship between an ath-
lete’s body composition and the pulmonary functions. 
Therefore, the purpose of our research is to investigate 
this relationship between the body composition param-
eters in athletes and the pulmonary functions.

Material and methods 

The sample group in our research is composed of 
elite athletes, who have applied to the Athletic Health 
Education and Research Center and volunteered for 

this study. The applicants have signed consent forms 
after being briefed on the details of the tests. The tests 
were conducted following the 2008 Helsinki Declara-
tion Principles after obtaining the required approvals 
from the Yildirim Beyazıt University’s Social and Hu-
man Sciences Ethical Board in Ankara (2018/400/74).

The criteria to be selected for the sample group 
were the following; to be healthy, to cooperate fol-
lowing the test parameters, to volunteer for the study 
and having FEV1/FVC values to be between 80-90% 
measured by the forced vital capacity maneuver. The 
exclusion criteria were; not meeting the above require-
ments, having dental braces, having a past history of 
acute or chronic respiratory infections, having a pros-
thesis, having suspicions of or being pregnant, being 
on period, and having an acute or chronic condition 
related to the respiratory, muscle or skeleton system.

Collection of Data
During the first day of the study, the demographic 

information of the athletes was collected. Then, waist-
hip circumference measurements were taken and the 
bioelectrical impedance analysis (BIA) readings were 
recorded after an 8-hour fasting period. The second-
day activities involved pulmonary function tests and 
maximal voluntary ventilation (MVV) tests conducted 
minimum 2 hours after having breakfast.

Research Group
Out of 551 elite athletes, 398 athletes (254 male 

and 144 female) met the inclusion criteria. The athletes 
had a mean age of 16.63+/-2.28 years, sports age of 
6.76+/-2.67 years, the body weight of 64.19+/-15.44 
kg and height of 168.38+/-9.79 cm. While there was 
a significant difference in average age, body weight, 
and height values when comparing the male and fe-
male participants (p<0,05), the sports age was simi-
lar (p>0,05). The statistics related to the demographic 
characteristics of the participants are shown in Table 1.

Bioelectrical Impedance Analysis (BIA)
The body composition measurements of the par-

ticipants were conducted by the bioelectrical imped-
ance testing device (MC-980, Tanita Corp, Tokyo, 
Japan). Within 24 hours prior to this test, the athletes 
were asked not to perform any intense physical activi-
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ties, not to consume diuretic drinks such as tea or cof-
fee and fast at least 8 hours. During the tests, the par-
ticipants were asked to stand barefoot and straight on 
the metal electrodes of the testing device and hold the 
hand electrodes. Any metal accessories such as watch-
es, rings, necklaces, etc. had to be removed. The tests 
involved measurements of body weight, BFP, body fat 
mass (BFM), FFBM, body muscle mass (BMM), ab-
dominal muscle mass and abdominal fat mass to be 
later used for the statistical analysis (19).

Measurement of Waist-Hip Circumference
 The waist-hip circumference measurements were 

done by using a non-extensible tape measure. The waist 
circumference measurement was done with the partici-
pants standing up with their arms lose on the sides of 
the body following normal breathing and at the narrow-
est part of the body between the arcus costarum and 
spine iliaca anterior superior. The hip measurement was 
taken from the peak of gluteus maximus at the back and 
the widest section of the symphysis pubis at the front. 
During the measurements, the tape measure was held 
parallel to the ground and was not tightened up (20).

Analysis of the Pulmonary Function
The pulmonary function was analyzed by using 

a digital spirometer (Pony FX Cosmed, Rome, Italy). 
The participants were briefed prior to the tests. Tests 
were conducted with the participants in the comfort-
able sitting position and minimum 15 minutes breaks 
were taken between tests. During the tests, the par-
ticipant’s nose was closed with a clamp and air leakage 
from the spirometer’s mouthpiece was prevented. Each 
test was repeated 3 times and the best scores were used 
for the statistical analysis.

In order to evaluate the respiratory functioning 
of the participants, forced vital capacity maneuver and 

maximal voluntary ventilation tests were conducted. 
Tests help to find forced vital capacity (FVC), forced 
expiratory volume at 1 second (FEV1), FEV1/FVC 
and FEF 25-75 (L/sec) values. For the maximal volun-
tary ventilation (MVV) test, the participant was asked 
to breathe deep, fast and intense for 12 seconds, which 
helped to measure the maximal minute ventilation 
(MVV) (12).

Data Analysis
SPSS for Windows Release 20.0 (Statistical Pack-

age for Social Sciences Inc. Chicago, IL, USA) statis-
tics software was used for the analysis of the partici-
pants’ test measurements. All the definitive statistical 
values related to the variables were calculated, and the 
mean value of the variables was shown as the mean+/-
standard deviation. The relationship between the body 
composition and respiratory function measurements of 
the athletes were analyzed using Pearson correlation. 
Afterward, multiple regression analysis was conducted 
in order to determine the effect of the body composi-
tion measurements on the respiratory function by pre-
dicting the variable parameters of FVC (L), FEV1 (L), 
FEF 25-75 (L/sec), MVV (L/min). Stepwise selection 
method was used in order to investigate the test pa-
rameter factors between the body composition mea-
surement and pulmonary function tests. Predictions 
related to the pulmonary function tests were done in-
directly by calculating the body composition measure-
ments, and corrected R2 was used as the explanatory 
value. Statistically, valid level was set as p<0.05.

Results 

The body fat percentage determined through 
BIA measurements among male and female athletes 

Table 1. Demographic characteristics of athletes

Male  (n= 254)      Female  (n= 144) Total  (n= 398) P¥

Age (year) 16.81± 2.22 16.31±2.35 16.63±2.28 0.033*

Sports age (year) 6.71±0.76 6.80±2.52 6.75±2.67 0.711

Body weight (kg) 68.99±15.88 55.72±10.15 64.19±15.44 0.000*

Height (cm) 172.12±8.56 161.70±8.16 168.35±9.79 0.000*
¥: Independent Samples t test, *: p<0.05.
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showed that; fat mass values were significantly differ-
ent in female athletes (p<0,05) and muscle mass, ab-
dominal muscle mass values were significantly differ-
ent in male athletes (p<0,05). However, abdominal fat 
mass values were not significantly different statistically 
(p>0,05). Waist and hip circumference values were sig-
nificantly different in male athletes (p<0,05). FVC (L), 
FEV1 (L), FEF 25-75 (L/sec) and MVV (L/min) values 
determined by the pulmonary function tests were sig-
nificantly different between the male and female ath-
letes, but the difference was more significant in male 
athletes (p<0,05) (Table 2).

The athletes’ demographic characteristics and 
body composition data were closely related to the pul-
monary function tests values, and this relationship was 
found to be at low, medium, high and very high levels 
(p<0,05) (Figure 1).

The statistically valid predictors of FVC were de-
termined to be age, body weight, height, hip circum-
ference, and body fat percentage. This model was sta-
tistically important (p<0.05) as it accounted for 77% of 
the total variance for the FVC value. When FVC value 
was analyzed in terms of gender; it was determined 
that the model for male athletes that is composed of 
height, hip circumference, body fat percentage, body 
fat mass accounted 67% of the total variance, whereas 
the model for female athletes that is composed of age, 
height, hip circumference, body fat percentage and 
muscle mass accounted for 65% (p<0.05). Hip circum-

ference was part of the model in female athletes, but it 
was not a significant predictor (p>0.05) (Table 3).

It was determined that the significant predictors 
of FEV1 were age, body weight, height, hip circumfer-
ence, and body fat percentage. This model was statisti-
cally important (p<0.05) as it accounted for 76% of the 
total variance for the FVC value. When FEV1 value 
was analyzed in terms of gender; it was determined 
that the model for male athletes that is composed of 
height, hip circumference, body fat percentage, body 
fat mass accounted 66% of the total variance, whereas 
the model for female athletes that is composed of age, 
height, hip circumference, body fat percentage and 
muscle mass accounted for 64% (p<0.05). Hip circum-
ference was part of the model in male athletes, but it 
was not a significant predictor (p>0.05) (Table 4).

It was determined that the significant predictors 
of FEF25-75 were age, body weight, height, body fat per-
centage, and muscle mass. This model was statistically 
important (p<0.05) as it accounted for 52% of the to-
tal variance for the FEF25-75 value. When FEF25-75 value 
was analyzed in terms of gender; it was determined 
that the model for male athletes that is composed of 
body weight, height, waist circumference, body fat per-
centage, body fat mass, fat-free body mass, abdomi-
nal muscle mass and age accounted 44% of the total 
variance, whereas the model for female athletes that is 
composed of height and muscle mass accounted 39% 
(p<0.05). Waist circumference and muscle mass were 

Table 2. Comparison of the body composition, waist and hip circumference and pulmonary function test results between genders

Male  (n = 254)     Female  (n = 144) Total  (n = 398) P¥ 

Body fat percentage (%) 15.656±5.025 22.80±4.92 18.24±6.05 0.000*

Body fat mass (kg) 11.23±6.18 12.98±4.69 11.86±5.74 0.003*

Fat-free body mass (kg) 57.75±11.22 42.81±6.57 52.34±12.14 0.000*

Muscle mass (kg) 54.85±10.70 40.56±6.37 49.68±11.62 0.000*

Abdominal muscle mass (kg) 29.70 ±5.50 23.74± 3.42 27.54±5.63 0.000*

Abdominal fat mass (kg) 5.04±3.49 5.11±2.30 5.07±3.11 0.809

Waist circumference (cm) 76.71±9.13 68.34±6.70 73.68±9.25 0.000*

Hip circumference (cm) 94.0±9.41 91.12± 8.37 92.96±9.14 0.002*

FVC (L) 4.92±0.86 3.72±0.61 4.49±0.97 0.000*

FEV1 (L) 4.18±.72 3.22±0.51 3.84±0.80 0.000*

FEF 25-75 (L/sec) 4.50±0.92 3.65±0.70 4.20±0.95 0.000*

MVV (L/min) 159.52±33.01 121.73±23.24 146.38±33.64 0.000*
¥: Independent Samples t test, *: p<0.05
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part of the model in male athletes, but it was not a 
significant predictor (p>0.05) (Table 5).

It was determined that the significant predictors 
of MVV were age, body weight, height, waist circum-
ference, hip circumference, and body fat percentage. 
This model was statistically important (p<0.05) as it 
accounted for 59% of the total variance for the MVV 
value. When MVV value was analyzed in terms of 
gender; it was determined that the model for male 
athletes that is composed of body weight, height, waist 
circumference, body fat percentage, body fat mass, fat-
free body mass, abdominal muscle mass and age ac-
counted 45% of the total variance, whereas the model 
for female athletes that is composed of height and 
muscle mass accounted 43% (p<0.05). Age was part of 
the model in female athletes, but it was not a signifi-
cant predictor (p>0.05) (Table 6).

The regression equations to find FVC (L), FEV1 
(L), FEF 25-75 (L/sec), MVV (L/min) values deter-
mined through the pulmonary function tests based on 
the multiple regression analysis, is given in Table 7.

Figure 1. The correlation between the demographic characte-
ristics and body composition with the pulmonary function test 
results

Table 3. Multiple regression analysis results for FVC
B Standard error β t p

Total -4.366 0.787 -5.549 0.000

Age -0.171 0.027 -1.015 -6.350 0.000

Body weight 0.080 0.008 1.267 9.440 0.000

Height 0.042 0.004 0.423 10.110 0.000

Hip circumference -0.026 0.008 -0.242 -3.240 0.001

Body fat percentage 0.082 0.019 0.511 4.345 0.000

R=.883             R²=.780          Adj R²=.777
Male -5.607 1.166 -4.809 0.000

Height 0.050 0.006 0.494 8.926 0.000

Hip circumference -0.032 0.013 -0.350 -2.532 0.012

Body fat percentage 0.122 0.026 0.713 4.609 0.000

Body fat mass -0.112 0.027 -0.807 -4.127 0.000

R=.825             R²=.680          Adj R²=.673
Female -4.714 1.171 -4.024 0.000

Age -0.151 0.044 -1.163 -3.411 0.001

Height 0.031 0.006 0.413 5.366 0.000

Hip circumference -0.018 0.010 -0.250 -1.832 0.069

Body fat percentage 0.128 0.036 1.042 3.598 0.000

Muscle mass 0.102 0.019 1.071 5.438 0.000

R=.814             R²=.662          Adj R²=.650
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Table 4. Multiple regression analysis results for FEV1
B Standard error β t p

Total -4.405 0.665 -6.625 0.000
Age -0.140 0.023 -1.009 -6.072 0.000
Body weight 0.060 0.007 1.163 8.323 0.000
Height 0.004 0.003 0.478 11.209 0.000
Hip circumference -0.020 0.006 -0.226 -3.101 0.002
Body fat percentage 0.072 0.016 0.548 4.486 0.000
R=.872              R²= .761          Adj R²=.758

Male -5.416 1.003 -5.402 0.000
Body weight 0.054 0.010 1.198 5.567 0.000
Height 0.046 0.005 0.546 9.578 0.000
Hip circumference -0.020 0.011 -0.263 -1.860 0.064
Body fat percentage 0.096 0.023 0.666 4.195 0.000
Body fat mass -0.147 0.029 -1.264 -5.034 0.000
R=.814              R²= .663         Adj R²=.656

Female -4.999 0.823 -6.075 0.000
Age -0.145 0.038 -1.330 -3.867 0.000
Height 0.028 0.004 0.444 6.245 0.000
Body fat percentage 0.114 0.030 1.097 3.806 0.000
Muscle mass 0.074 0.013 0.926 5.892 0.000
R=.808              R²= .654         Adj R²=.644

Table 5. Multiple regression analysis results for FEF25-75

B Standard error β t p
Total -5.032 0.891 -5.646 0.000

Age -0.875 0.211 -5.333 -4.146 0.000
Body weight 0.783 0.208 12.834 3.772 0.000
Height 0.036 0.006 0.371 6.308 0.000
Body fat percentage 0.077 0.026 0.496 3.017 0.003
Muscle mass -0.766 0.217 -9.443 -3.530 0.000
R=.728             R²= .530           Adj R²=.524

Male -6.727 1.782 -3.775 0.000
Body weight 0.747 0.232 12.868 3.225 0.001
Height 0.048 0.008 0.450 5.736 0.000
Wiest circumference -0.032 0.017 -0.321 -1.911 0.057
Body fat percentage 0.128 0.039 0.700 3.251 0.001
Body fat mass -0.792 0.237 -5.312 -3.348 0.001
Fat free mass -0.675 0.231 -8.218 -2.924 0.004
Abdominal muscle mass -0.044 0.025 -0.261 -1.733 0.084
Abdominal fat mass -0.100 0.040 -0.378 -2.486 0.014
Age 0.092 0.036 0.222 2.551 0.011
R=.681             R²= .464           Adj R²=.444

Female -1.113 1.032 -1.078 0.283
Height 0.016 0.008 0.191 2.063 0.041
Muscle mass 0.052 0.010 0.478 5.157 0.000
R=.628             R²= .395           Adj R²=.386
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Table 6. Multiple regression analysis results for MVV
B Standard error β t p

Total -178.029 45.854 -3.882 0.000
Age -3.683 1.340 -0.605 -2.748 0.006
Body weight 1.631 0.448 0.722 3.639 0.000
Height 1.440 0.209 0.404 6.903 0.000
Waist circumference 0.660 0.387 0.175 1.707 0.089
Hip circumference -1.001 0.387 -0.262 -2.586 0.010
Body fat percentage 1.686 0.941 0.292 1.791 0.074
R= .774            R²= .599         Adj R²= .591

Male -278.382 50.573 -5.505 0.000
Body Weight 0.979 0.427 0.471 2.295 0.023
Height 1.814 0.284 0.471 6.382 0.000
Body fat percentage 2.755 1.353 0.419 2.036 0.043
Body fat mass -3.781 1.679 -0.708 -2.251 0.025
Age 3.412 1.045 0.230 3.265 0.001
R= .684            R²= .468         Adj R²= .457

Female -92.781 38.147 -2.432 0.016
Age 1.347 0.812 0.136 1.659 0.099
Height 0.089 0.273 0.311 3.241 0.001
Muscle mass 1.216 0.416 0.333 2.925 0.004
R= .663            R²= .440         Adj R²= .428

Table 7. Equality formulas
Equality formulas for all athletes (n=398)

FVC (L) = (-4.366) + (-.171) *Age + (0.080) * Body weight + (0.042) * Height + (-0.026) * Hip circumference + (0.082) * 
Body fat percentage

FEV1 (L) = (-4.405) + ( -0.140) * Age + (0.060) * Body weight + (0.004) * Height + (-0.020) * Hip circumference + (0.072) 
* Body fat percentage

FEF 25-75 (L/sec) = (-5.032) + ( -0.875) * Age + (0.783) * Body weight + (0.036) * Height + (0.077) * Body fat percentage + 
(-0.766) * Muscle mass 

MVV (L/min) = (-178.029) + ( -3.683) * Age + (1.631) * Body weight + (1.440) * Height + (0.660) * Waist circumference + 
(-1.001) * Hip circumference
Equality formulas for male athletes (n=254)

FVC (L) = (-5.607) + (0.050) * Height + (-0.032) * Hip circumference + (0.122) * Body fat percentage + (-0.112) * Body fat mass

FEV1 (L) = (-5.416) + (0.046) * Height+ (-0.020) * Hip circumference + (0.096) * Body fat percentage +(-0.147) * Body fat mass

FEF 25-75 (L/sec) =
(-6.727) +(0.747) * Body weight + (0.048) * Height + (-0.032) * Waist circumference + (0.128) * Body fat per-
centage + (-0.792) * Body fat mass + (-0.675) * Fat free mass + (-0.044) * Abdominal muscle mass + (-0.100) * 
Abdominal fat mass + (0.092) * Age

MVV (L/min) = (-278.382) + (0.979) * Body weight + (1.814) * Height + (2.755) * Body fat percentage + (-3.781) * Body fat 
mass + (3.412) * Age
Equality formulas for female athletes (n=144)

FVC (L) = (-4.714) + ( -0.151) *Age + (0.031) * Height + (-0.018) * Hip circumference + (0.128) *Body fat percentage + 
(0.102) *Muscle mass

FEV1 (L) = (-4.999) + ( -0.145) * Age+(0.028) * Height +(0.114) *Body fat percentage + (0.074) * Muscle mass

FEF 25-75 (L/sec) = (-1.113) + (0.016) * Height + (0.052) * Muscle mass

MVV (L/min) = (-92.781) + (1.347) *Age + (0.089) * Height + (1.216) *Muscle mass
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Discussion

Respiratory functions are the basis for the evalu-
ation of the respiratory system. Respiratory functions 
in athletes are expected to be higher than their peers 
having a sedentary lifestyle, and therefore it is sug-
gested that the assessment of the respiratory functions 
be performed internally only among athletes (22). The 
purpose of this study is to investigate this relationship 
between the body composition parameters in athletes 
and the respiratory function, and to determine the 
body composition parameters that affect the respira-
tory functions. Our research indicates that the body 
composition of athletes may affect the respiratory 
functions at low, medium, high and very high levels. 
Also, the factors affecting the respiratory function in 
both male and female athletes were not limited to age, 
body weight, and height, but also included other body 
composition parameters such as the body fat percent-
age, body fat mass, fat-free body mass, muscle mass, 
abdominal muscle mass, abdominal fat mass, and waist 
and hip circumference.

It is revealed that the pulmonary function tests 
results are significantly affected by the gender, age, 
height and body weight of an athlete (11), that the 
respiratory functions improve with exercise (23), and 
that respiratory functions vary depending on the type 
of sports branch (24, 25). When reviewing the pul-
monary test result parameters with the anthropometric 
characteristics, it was seen that there was a negative 
and positive relationship between various pulmonary 
test results in terms of body fat percentage, fat-free 
body mass, body fat mass, waist circumference and 
waist/hip ratio (16, 19, 26). According to the study 
conducted on individuals with a sedentary lifestyle by 
Park et al, it was shown that there was also a relation-
ship between the respiratory functions and the BFP, 
muscle mass, FFBM, BMI and waist/hip ratio rates 
obtained through MIA testing (19). The same study 
also suggests that there was a relationship between the 
demographic characteristics and the pulmonary func-
tion tests parameters, and at the same time, the body 
composition data is related to the pulmonary function 
test parameters.

An increase in BFP, which is one of the anthropo-
metric characteristics, has a negative effect on the re-

spiratory functions (12, 15, 27). Various other studies 
also suggest that an increase in BFP leads to low lung 
volume (expiratory reserve capacity – ERV) (12, 15, 
27). Durmic et al’s study suggested that body fat per-
centage shows a negative correlation with spirometric 
parameters, while showing the highest correlation with 
FEV1 values (18). In our study, we have determined a 
small negative correlation between the body fat per-
centage and pulmonary function test parameters.

When reviewing the studies related to the effect 
of body fat mass and abdominal fat mass on the pul-
monary function tests, a negative correlation was seen 
between the rate of fat mass contained in the abdomi-
nal or visceral area and the pulmonary functions (5, 16, 
28-30). However, these studies were mostly performed 
on old and obese individuals. Particularly in obese 
people, it is accepted that an increase in fat mass in the 
abdominal area creates a global effect and leads to pe-
ripheral obstruction of airways due to an air blockage 
and a decrease in maximum expiratory flow volume, 
which at the end may negatively affect the pulmonary 
function tests (29). Apart from the available studies, 
what we found differently was that there was a small 
positive correlation between the pulmonary function 
tests and body fat mass/abdominal fat mass. We be-
lieve that this result was due to the fact that our study 
involved only athletes, who have very low-fat mass in 
their abdominal.

Fat-free body mass is composed of muscles, 
bones, tendons, and water. Therefore, an increase in 
FFBM should result in an improvement in respira-
tory functions (31). Studies show that there is a posi-
tive correlation between the respiratory functions and 
muscle mass (28, 31). In parallel with these studies, we 
also found that there is a very high positive correlation 
between the respiratory functions and fat-free body 
mass/muscle mass/abdominal muscle mass.

Respiratory functions are one of the most impor-
tant factors affecting athletic performance (31). There-
fore, it is important to determine the factors affecting 
respiratory functions and control the variable factors 
in order to achieve maximum athletic performance. 
In this study, we have performed a regression analysis 
in order to determine the predictors of the respiratory 
function parameters. As a result, FVC and FEV1 val-
ues were affected by age, body weight, height, hip cir-
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cumference, and body fat percentage. While FEF25-
75 value was affected by age, body weight, height, body 
fat percentage, and muscle mass, MVV was affected by 
age, body weight, height, waist circumference, hip cir-
cumference and body fat percentage. Similar studies to 
ours also suggest that there was a relation between the 
body composition parameters of triathletes and their 
respiratory functions (31). Our studies conclude that 
body composition parameters are important indicators 
of respiratory functions, and these parameters should 
be taken into consideration in order to improve ath-
letic performance.

Respiratory functions vary by gender. These dif-
ferences associated with gender are related to the 
physiological and anatomical structure and the gen-
der-specific hormones. Therefore, it is normal to ex-
pect different results in pulmonary function tests (32).  
When reviewing studies related to the relationship 
between the respiratory functions and body composi-
tions for both genders, an important correlation was 
found between age/height and FVC/FEV1 values 
(12). Our study shows that respiratory functions are 
affected by the body composition parameters in both 
genders (Tables 3, 4, 5, 6, 7). Moreover, fat percentage 
and fat mass, which are variable physical characteris-
tics in males, affect the respiratory functions in male 
athletes, whereas, muscle mass, which is a variable 
characteristic in females, affect the respiratory func-
tions in female athletes. Therefore, we suggest that it is 
important to monitor the body fat percentage and fat 
muscle levels in male athletes and reduce these rates 
to reach optimum levels as needed in order to improve 
respiratory functions. On the other hand, for female 
athletes, the body muscle mass needs to be monitored 
and increased as necessary. We believe that the differ-
ence of parameters affecting the pulmonary function 
test results between male and female athletes was due 
to the fact that male athletes have lower body fat per-
centage and body fat mass and higher muscle mass as 
compared to the female athletes (Table 2).

Our research was limited as it did not categorize 
the outcome based on various sports branches and as-
sessment parameters did not include the respiratory 
muscle mass. We think that additional studies should 
be conducted on various sports branches. 

Conclusion

We suggest that the factors affecting the respira-
tory function in both male and female athletes were 
not limited to age, gender and, body weight, but also 
included other body composition parameters such as 
the body fat percentage, body fat mass, fat-free body 
mass, abdominal muscle mass, abdominal fat mass, and 
waist and hip circumference. Also, the most important 
variable that affects the respiratory function is body fat 
percentage and fat mass in male athletes, and muscle 
mass in female athletes.
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