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Abstract. Our study aimed to define the determinants of athletes' Force Vital Capacity
(FVC), Force Expiration Volume (FEV1), and Peak Expiratory Flow (PEF). We
conducted a cross-sectional study involved 134 athletes from 14 different sport
disciplines. We observed age, sex, resting heart rate, body mass index, skinfold
thickness, hypertension, and smoking status. The present study revealed that different
sports disciplines influenced pulmonary function based on FVC, FEV1, FEV1/FVC, and
PEF. These findings add to evidence that there is a significant difference in pulmonary
function among sports disciplines. Accuracy sports discipline observed had the highest
score in the FEV1/FVC and PEF, while weightlifting showed the lowest FVC and FEV1.
Ball game disciplines showed the highest score in FVC and FEV1/FVC. The present
study concluded that the disciplines of sports were related to the pulmonary function test
results. We observed that ball games had higher FVC and FEV1/FVC.
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1 Introduction

The pulmonary function test is the routine test for athletes that provides the ventilation
volumes' parameters [1]. The test has become indispensable for preventing, diagnosing, and
evaluating various respiratory impairments and analyzing the athlete's performance [1].
Previous studies reported that there is a higher level of pulmonary function parameters, such
as vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in one second
(FEV1), and peak expiratory flow (PEF) in athletes compared to non-athletes [1-3]. The
ventilation volume also varied among athletes based on sports; water sports and activities tend
to have higher ventilation volume [1, 3, 4]. The study also concluded that pulmonary function
performances are related to the athletes' physical performance [5].

Pulmonary function parameters in athletes also influenced by age [6, 7], body
composition, history of lung and heart diseases, and physical activities[3, 8]. Regular physical
activities will increase pulmonary function [9, 10]. Anthropometric parameters are also related
to pulmonary function[11].
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There are well-established determinants of pulmonary function parameters; however, little
is known in Indonesian elite athletes' setting. The present study aimed to explore the
determinants of pulmonary function test parameters, i.e., FVC, FEV1, and PEF among elite
athletes that participated in the training center in Central Java, Indonesia.

2 Methods

The present study conducted a cross-sectional study involved 134 athletes (mean age:
23.0£7.09 years old) attending the routine physical examination in the training center
preparation facing the 20" Indonesia national Olympic games. Study population involved
fourteen kind of sports, i.e., archery (n=9), motor racing (n=4), shooting (n=9), weightlifting
(n=7), beach volleyball (n=3), roller sport (n=10), gliding (n=8), basketball (n=6), tackwondo
(n=11), wushu (n=15), boxing (n=2), hockey (n=20), baseball (n=16), and softball (n=14).
Then, we categorized the sport disciplines as weightlifting; accuracy sports for shooting and
archery; martial arts for taekwondo, wushu, and boxing; ball games sports for beach
volleyball, basketball, hockey, baseball, and softball; racing sports for roller sports; and sports
with instruments for motor racing and gliding.

All subjects that participated as athletes for more than two years were recruited in the
study. While athletes with a history of lung and heart diseases and suffered from respiratory
tract infection as well as pathological electrocardiographic appearance were excluded from the
study.

2.1 Procedures

Present study was approved by the institutional review board Faculty of Medicine,
Universitas Diponegoro, under the ID number 12/EC/KEPK/FK-UNDIP/I/2020. Study
participants were informed regarding the study's measurement procedures and signed a
consent to participate in the study. Demographical data such as age, sex, smoking status, and
training history were acquired by questionnaire—no alcohol and caffeine consumption for 12
hours prior to the test. The measurements were conducted in the Sports Laboratory Center,
Faculty of Sports Science, Universitas Negeri Semarang, with a temperature range between
18°C and 22 °C), atmosphere pressure of 760 mmHg, relative humidity range 30-60%.
Pulmonary functions were measured by spirometer Pony FX (Cosmed, Roma, Italia). The
parameters conform to the American Thoracic Society (ATS) / European Respiratory Society
(ERS).

Spirometry test was done for athletes in the sitting position, used casual and comfort
cloth, and used nose clips to avoid airflow leakage. Tests were done for three trials for every
athlete and the highest value of FVC, FEV1, and PEF. The results of the pulmonary function
parameters test were adjusted by anthropometric parameters, age, and sex. Weight and height
of athletes were also measured to determine the body mass index (BMI). Percentage body fat
was also measured using a bioimpedance body analyzer (BC-418 segmental body composition
analyzer, Tanita, Illinois, USA). We also measured blood pressure as well as the resting heart
rate.



2.2 Data analysis

Numerical data with normal distribution presented as mean+SD, while non-Gaussian
distributed data presented as median+ interquartile range (IQR). Categorical data presented as
frequency. A p-value <0.05 is considered statistically significant.

3 Result and Discussion

Table 1 showed us the subject's demographical characteristics of sex and smoking
status. There was a significant difference in sex proportion in the ball games group. Male
athletes were significantly dominant in the ball games group. Smoking status was also
significantly different in the martial arts and sport disciplines which use instruments (P
value<0.05). All athletes in the martial arts were non-smoker, while a few non-martial arts
athletes, i.e., 13.2%, were smokers. The proportion of sport with instruments athletes as
smokers was higher than non-smokers.

Table 1. Subject's characteristics

Sex Smoking

Sports Category nMaI(s/0 r::emaol/zz OR? ; NO% nYes% OR?
wioniting N, % 3 T T sw W 0T 2 oy
Accuracy Ve 10 500 11 500 ¥ 19 ses 3 1s 14
Martial arts Ves 14 500 14 500 1 25 100 0 oo 08
Ball games Ve 36 720 14 260 °®" 9 1000 0 0o O
Sports with instrument l\\l(ce)s 751 222 535 g;’; 0.78 1\%7 gig g 67é.15 21.67*
e Mo T B8 % B oy U0 BT MM oy

Chi-square test. *P < 0.05
Table 2 showed us the subject's characteristics of age, blood pressure, HR, fat

percentage, and BMI. All subject's characteristics were different among the sports category
except systolic blood pressure.

Table 2. Age, blood pressure, fat percentage, and body mass index based on sports category

Sports Aget SBP# DBP? HR? Fat BMI*
Category percentaget

Weightlifting 24.00+5 110.00+20  80.00+10 24.00+49™  78.00+38™  31.87+11.60™
Accuracy 20.00£10 110.00+20  70.00+10 78.00+12 63.50+38"" 24.02+5.13

Martial arts 20.00+6 110.00£10 70.00+15™  78.00+8 35.00+12" 20.71+2.54™
Ball games 22.00+4™  110.00+20  70.00+10 78.00+11 38.50+20 21.89+3.21



Sports  with 45.00+15™ 115.00+18 80.00+10™  79.00+16  106.50+44™  27.10+8.54"
instrument
Race sport 17.50+2™ 110.00+13 80.00%10 79.00+12 32.50+25" 21.23+3.17

findependent t test; *P < 0.05**P < 0.001
BMI: body mass index; DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure.

Table 3 revealed that FEV1 was significantly influenced by age, while FVC was
significantly influenced by sex.

Table 3. Pulmonary functional parameters based on age, sex, and BMI

Variables FvVC FEV1 FEV1/FVC PEF

Age 0.529; 0.055 0.146; 0.126™ 0.490; -0.060 0.884;-0.013
Male 96.12+12.03 104.00£19 112.00+9 101.00+27
Female 87.02+£12.01™ 92.00+17 113.50+8 99.50+24
BMI 0.191;0.114 0.111;0.138 0.077;-0.153 0.714; -0.032

BMI: body mass index;

The pulmonary function test results were significantly different in some sports
categories (Table 4). The highest performance of FVC was found in the ball games group, i.e.,
95.48+11.96%, while the lowest was in the weightlifting group, i.e., 77.4£11.30%. Accuracy
sports discipline had the highest parameter in FEV1/FVC and PEF. In almost all kinds of
pulmonary function parameters, weightlifting groups were significantly difference as the
lowest in the FVC, FEV1, and PEF (Table 4).

Tabel 4. Pulmonary functional parameters based on the Sports category

Sports Category FvC FEV1 FEV1/FVC PEF
Weightlifting 77.43+11.30** 88.00+£12** 116.00+7 93.00+£32*
Accuracy 89.50+10.83 98.00+20 115.50+7** 112.00+24**
Martial arts 88.61+11.38 96.50+17 114.00+9 98.00+29
Ball games 95.48+11.96* 101.50+19 109.50£11** 98.00+27
Sports with instrument 92.75+13.28 98.50+23 113.00+9 106.50+28
Race sport 97.70+13.26 100.50£15 111.00+8 103.50+26
*P < 0.05

**p < 0.001

The present study revealed that different sports influenced pulmonary function based on
FVC, FEV1, FEV1/FVC, and PEF. These findings add to evidence that there is a significant
difference in pulmonary function among sports disciplines. Accuracy sports discipline
observed had the highest score in the FEV1/FVC and PEF. Weightlifting showed the lowest
score in FVC and FEV1. Ball game disciplines showed the highest score in FVC and
FEV1/FVC. However, we realized that these findings still had confounders since the athletes'
heterogeneity characteristics, such as higher BMI in weightlifting athletes and a higher
proportion of male athletes and younger age in the ball games, might influence the pulmonary
function. Age, sex, and BMI were the most pivotal determinants of the pulmonary function
parameters[12, 13]. We must be concerned regarding these findings, in which FVC results are
also influenced by female athletes and FEV1 influenced by the younger athletes, as shown in
Table 3.



The current study also observed that different disciplines of sport related to the pulmonary
function are in line with the previous study [14, 15]. A previous study also concluded that
multicomponent exercises affect pulmonary function, even in diabetic subjects [16]. A
dominant focus on respiratory muscle exercise like yoga increased pulmonary function [15].

A previous study revealed that physical fitness involved the pulmonary function related to
high blood pressure; however, in the current study, we did not find this condition, perhaps of
limited athletes being observed [17]. The duration of sports in which athletes conducted was
also associated with the pulmonary function parameters [18].

4 Conclusion

The present study concluded that the disciplines of sports were related to the pulmonary
function test results. We observed that ball games had higher FVC and FEV1/FVC. We also
observed that age, sex, and BMI influenced the pulmonary function test, suggesting that future
study must be done to elucidate factors related to the pulmonary function test parameters in
different sports types comprehensively.
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