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  Abstract : The purpose of this study was to analyze the correlation between pulmonary function, 
basic physical fitness (PF), and physical activity (PA), and to compare the differences by gender in 
Korean college students. Measurements of body composition, basic PF, PA (questionnaire), and 
pulmonary function tests of forced vital capacity (FVC) and forced expiratory volume in one second 
(FEV1) using a Quark pulmonary function test were carried out on 312 healthy participants (150 
males [mean age: 19.29±1.72 years] and 162 females [mean age: 19.05±1.17 years]). The pulmonary 
function of male students was related to right-handedness, left-handedness, and back strength, and 
the pulmonary function of female students was related to all basic PF. The pulmonary function of 
male students was related to all PA variables, whereas the pulmonary function of female students was 
related to middle-intensity PA. The findings of this study suggest that male students need to increase 
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PA, and female students need to improve basic PF to sustain a healthy pulmonary function. 
Understand gender differences for pulmonary function-related factors and the gender-specific 
educational efforts are needed to improve and maintain pulmonary capacity in college students.

Keywords : body composition, forced expiratory volume in one second, forced vital capacity, gender 
difference, pulmonary function test

  요  약 : 본 연구의 목적은 한국 대학생들의 기초체력과 신체활동량이 폐기능과 상관관계가 있는지를 분
석하고, 성별에 따른 차이를 검증하는데 있다. 건강한 참여자 312명(남성 150명[평균연령: 19.29±1.72세], 
여성 160명[평균연령: 19.05±1.17세])은 신체조성, 기초체력, 신체활동량 설문지, 그리고 노력성폐활량
(FVC)과 1초간 강제호기량(FEV1)의 폐기능 검사를 수행하였다. 연구결과, 남학생의 폐기능은 우악력과 좌
악력, 그리고 배근력과 관련이 있었고, 여학생의 폐기능은 모든 기초체력 하위 요인과 관련이 있었다. 또한 
여성의 폐기능은 중강도 신체활동량과 관련이 있는 반면 남성의 폐기능은 신체활동량의 모든 하위 요인과 
관련이 있었다. 본 연구의 주요 발견은 폐기능을 개선하기 위해서 남학생은 신체활동량을 증가시키고, 여
학생은 기초체력을 향상시킬 필요가 있음을 제안한다. 대학생들의 폐기능을 유지하고 개선시키기 위해서는 
폐기능 관련 인자에 대한 성별의 차이를 이해하고, 성별에 맞는 교육적 노력이 필요할 것이다.

주제어 : 신체조성, 1초간 강제호기량, 노력성폐활량, 성차, 폐기능 검사

1. Introduction
  
  Chronic obstructive pulmonary disease 
(COPD) is a heterogeneous disease which is a 
leading cause of mortality [1], and is 
associated with a high economic burden 
worldwide [2]. Risk factors, including smoking, 
advanced age, biomass fuels [3,4], occupational 
dust, socio‐economic status, respiratory 
infections, pulmonary tuberculosis, and asthma, 
have been suggested to contribute to the 
development of COPD [5]. The burden of 
COPD is expected to increase in the coming 
decades due to an aging population and longer 
exposure to COPD risk factors such as 
smoking and air pollution [6]. 
  Pulmonary function test (PFT) is the most 
frequently used method to assess pulmonary 
function in patients with chronic lung disease. 
As PFT is a noninvasive tool for the 
evaluation of respiratory status [7]. The 
measurement of forced vital capacity (FVC) 
and forced expiratory flow in 1 sec (FEV1) by 
PFT is standard practice in the fields of 
occupational health and sports sciences [8]. A 

progressive decline in lung function is the 
hallmark of COPD and it is also possible that 
a normal decline in FEV1 can lead to COPD 
[9,10]. 
  Physical activity (PA) is well known to have 
a protective effect against chronic diseases. 
Lack of PA is a major factor that contributes 
to the development of COPD and associated 
mortality [11]; a lower risk of hospital 
admissions and mortality has been seen in 
COPD patients with higher PA levels [12]. PA 
could be used therapeutically for patients with 
COPD or asthma [13], and it is used already 
used as part of pulmonary rehabilitation for 
lung disease [14]. Along with PA, basic 
physical fitness (PF) is associated with 
pulmonary function. Previous studies have 
reported that pulmonary function is also 
associated with muscle strength such as 
handgrip strength [15] and Sargent jump [16]. 
Most studies have analyzed this relationship 
using handgrip strength measurement which is 
easily measured and evaluated. Therefore, 
analysis of various PF factors related to 
pulmonary function is required for early 
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detection of pulmonary dysfunction at a 
pre-clinical stage of lung disease to prevent 
the occurrence of severe forms of COPD.
  As the maintenance of pulmonary health is 
an important issue for modern society due to 
severe environmental pollution and the 
presence of fine dust in the environment, 
major factors related to pulmonary function 
are constantly being studied. Despite the need 
to improve or maintain pulmonary function in 
a healthy state to prevent lung disease, the 
associations, and differences between gender in 
healthy young people have not been studied.
  Therefore, the purpose of this study was to 
analyze and determine whether the pulmonary 
function is related to basic PF and PA 
according to gender-specific effects in healthy 
college students. Our hypothesis is that there 
will be a relationship between pulmonary 
function and PF and PA according to the 
gender of healthy college students.

2. Materials and Methods

2.1. Study design and subjects

  This study was an observational and 
cross-sectional study. The required sample size 
was calculated using the G-power version 3.1 
Windows program (Kiel University, Kiel, 
Germany), based on a 0.25-point effect size 
(default), an alpha level of 0.05, and 70% 
power. 330 freshmen at the Dong-A 
University in Korea were initially enrolled in 
this study, but 18 of them were excluded 
(insufficient spirometry results: 4, underweight 
or obese: 12 subjects, common cold: 2 
subjects). A total of 312 healthy young adults 
(150 males and 162 females) participated in 
this study. The inclusion criteria for 
participants were as follows: a) no chronic or 
acute disease, b) no respiratory disease or 
asthma, c) a history of respiratory and 
cardiovascular disease, d) a body mass index 
(BMI) in the normal range, e) non-smoker. 
Exclusion criteria for participants were as 

follows: a) chronic lung diseases such as 
COPD or asthma, b) underweight or obese 
(18.5 kg/m2 >BMI >30 kg/m2), c) respiratory 
tract infection symptoms during the 
experimental period. All participants were fully 
informed of the purpose and method of the 
study and gave their informed consent before 
inclusion in this study. All procedures of this 
study were conducted in accordance with the 
Declaration of Helsinki of 1975. Table 1. 
shows the characteristics of the subjects.

2.2. Pulmonary function examination

  Pulmonary function examinations were 
conducted under standard laboratory conditions 
(temperature: 22~25°C, relative humidity: 
55~60%). All the Spirometry tests were 
conducted by the same trained expert to 
exclude inter-observer variability according to 
the American Thoracic Society/European 
Respiratory Society guidelines. The participants 
were seated wearing a nose clip and were 
given sufficient explanation about instrument 
use. The pulmonary function parameters such 
as FVC and the forced expiratory volume in 
one second (FEV1) were assessed using a 
Quark PFT (Cosmed, Italy).

2.3. Body composition and basic physical 

fitness

  Height, weight, BMI, and body fat (%) were 
measured using a body composition analyzer 
VENUS 5.5 (JAWON MEDICAL, Korea). 
Basic PF was measured as previously described 
[16]. Briefly, all participants conducted each 
equipment twice in the correct posture after a 
full explanation of how to use of each piece 
of equipment. Handgrip strength (GRIP-D 
Grip Strength Dynamometer, Takei, Japan) and 
lower back strength (Helmas Ⅲ lower back 
strength instrument, O2run, Korea) were 
measured to evaluate muscle strength. Sargent 
jump (Helmas Ⅲ Sargent Jump instrument, 
O2run, Korea) was used to evaluate muscle 
power. Sit and reach distance (Helmas III 
Trunk Forward Flexion instrument, O2run, 
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Variable Total (n=312) Male (n=150) Female (n=162) t df p

Age (years) 19.17±1.46 19.29±1.72 19.05±1.17 1.452 260.27 .167
Height (cm) 169.13±8.30 175.48±5.72 163.26±5.53 19.19 310 .000
Weight (kg) 61.60±9.84 68.28±8.36 55.41±6.48 15.12 280.39 .000
BMI (kg/m2) 21.44±2.18 22.14±2.18 20.78±1.98 5.791 310 .000
Body fat (g) 13.22±4.03 12.30±4.44 14.08±3.41 -3.96 279.30 .000
Muscle (g) 44.81±8.08 52.01±4.72 38.15±3.55 29.13 275.99 .000
LBM (g) 48.38±8.62 55.99±5.14 41.33±3.88 28.24 276.38 .000
FVC (L) 3.88±0.92 4.62±0.66 3.19±0.48 21.60 271.26 .000

%FVC (predicted) 85.95±11.01 88.58±11.40 83.51±10.08 4.17 310 .000
FEV1 (L) 3.60±0.94 4.28±0.66 2.96±0.69 17.15 310 .000

%FEV1 (predicted) 91.03±12.16 95.36±11.95 87.01±10.94 6.44 310 .000

Data are presented as means ± SD. BMI; body mass index, LBM; lean body mass, FVC; 
forced vital capacity, FEV1; forced expiratory volume in 1 second

Table 1. Characteristics of the subjects

Korea) was measured to evaluate flexibility, 
and blind single-leg standing time (Helmas Ⅲ 
Blind Single-Leg Stand instrument, O2run, 
Korea) was used to evaluate balance. Reaction 
time was evaluated by measuring the reaction 
speed at which a participant responded to a 
sudden sound and light using a Helmas III 
Reaction Time instrument (O2run, Korea) with 
0.01 sec accuracy.

2.4. Physical activity questionnaire

  The short form of the Korean version of the 
self-filled questionnaire formally recognized by 
the International Physical Activity Questionnaires 
(www.ipaq.ki.se) was used to analyze the 
amount of PA. Briefly, the amount of PA in 
the past week was calculated by the Metabolic 
Equivalent of Task score (METs, in minutes), 
based on PA time categorized as high- 
intensity, middle-intensity, and low-intensity. 
METs of the subjects are presented in Table 3.

2.5. Statistical analysis

  The data were analyzed using the SPSS 
Statistics Version 24.0 (IBM Corp., NY, USA), 
and the results are presented as the mean ± 
standard deviation. Independent t-tests were 
performed to verify the differences between 

groups. The Pearson coefficient of correlation 
was used to analyze the association between 
parameters of pulmonary function and the 
other variables. Statistical significance was 
considered as p < 0.05 in all tests.

3. The Results

3.1. Characteristics of the subjects

  The age of the participants was 19.17±1.46 
(male; 19.29±1.72, female; 19.05±1.17) years 
of age. The characteristics of the subjects are 
shown in Table 1. All parameters relating to 
body composition were significantly different 
between genders. Male students had a 
significantly higher height (male; 175.48±5.72 
cm, female; 163.26±5.53 cm, p < 0.001), 
weight (male; 68.28±8.36 kg, female; 55.41± 
6.48 kg, p < 0.001), BMI (male; 22.14±2.18 
kg/m2, female; 20.78±1.98 kg/m2, p < 0.001), 
muscle mass (male; 52.01±4.72 g, female; 
38.15±3.55 g, p < 0.001), lean body mass 
(male; 55.99±5.14 g, female; 41.33±3.88 g, p 
< 0.001), but body fat of the male students 
was significantly lower than that of the female 
students (male; 12.30±4.44 g, female; 14.08± 
3.41 g, p < 0.001).
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Variable
Total 

(n=312)
Male 

(n=150)
Female 
(n=162)

t df p

Right handgrip strength (kg) 32.57±10.25 41.22±7.13 24.57±4.65 24.23 253.18 .000
Left handgrip strength (kg) 31.08±10.48 39.69±7.89 23.11±4.63 22.40 236.86 .000
Lower back strength (kg) 82.55±34.83 110.65±26.29 56.53±16.93 21.43 251.18 .000

Sit and reach distance (cm) 11.60±9.73 10.37±9.82 12.73±9.54 -2.15 310 .032
Sargent jump height (cm) 39.64±13.63 49.87±10.75 30.18±8.02 18.22 274.66 .000

Reaction time (sec) 0.29±0.11 0.25±0.08 0.33±0.11 -6.96 286.85 .000

Data are presented as means ± SD.

Table 2. Gender differences in basic physical fitness

Variable
Total 

(=312)
Male 

(n=150)
Female 
(n=162)

t df p

Total (METs) 2741.26±2655.54 3353.37±2946.26 2127.62±2215.92 4.128 275.909 .000

High-intensity (METs) 996.14±1631.55 1488.53±1913.12 512.10±1138.92 5.424 239.02 .000

Middle-intensity (METs) 585.30±970.95 663.20±1095.99 495.56±847.46 1.518 310 .130

Low-intensity (METs) 1159.83±1202.27 1201.64±1204.58 1119.96±1217.78 0.595 310 .552

Data are presented as means ± SD. METs; Metabolic Equivalent of Task score.

Table 3. Gender differences in physical activity

  All parameters of pulmonary function were 
also significantly different between genders. 
Male students had a significantly higher FVC 
(male; 4.62±0.66-liter, female; 3.19±0.48 
liter, p < 0.001), %FVC (male; 88.58±11.40%, 
female; 83.51±10.08%, p < 0.001), FEV1 
(male; 4.28±0.66 liter, female; 2.96±0.69 
liter, p < 0.001), and %FEV1 (male; 95.36± 
11.95%, female; 87.01±10.94%, p < 0.001).

3.2. Gender differences in basic physical 

fitness and physical activity

  Table 2. shows the differences in basic PF 
between genders. All parameters of basic PF 
were significantly different between genders. 
Male students had a significantly higher right 
handgrip strength (male; 41.22±7.13 kg, 
female; 24.57±4.65 kg, p < 0.001), left 
handgrip strength (male; 39.69±7.89 kg, 
female; 23.11±4.63 kg, p < 0.001), lower back 
strength (male; 110.65±26.29 kg, female; 
56.53±16.93 kg, p < 0.001), Sargent jump 
height (male; 49.87±10.75 cm, female; 
30.18±8.02 cm, p < 0.001), but sit and reach 
distance (male; 10.37±9.82 cm, female; 
12.73±9.54 cm, p < 0.05), and reaction time 

(male; 0.25±0.08 s, female; 0.33±0.11 s, p < 
0.001) of the male students was significantly 
lower than that of the female students.
  Table 3. shows the differences in physical 
activity between gender. Male students had a 
significantly higher in total physical activity 
(male; 3353.37±2946.26 METs, female; 
2127.62±2215.92 METs, p < 0.001) and 
high-intensity physical activity (male; 
1488.53±1913.12 METs, female; 512.10± 
1138.92 METs, p < 0.001). Middle-intensity 
physical activity (male; 663.20±1095.99 
METs, female; 495.56±847.46 METs, p = 
0.130) and low-intensity physical activity 
(male; 1201.64±1204.58 METs, female; 
1119.96±1217.78 METs, p = 0.595) does not 
differentiate between gender.

3.3. Correlation between pulmonary 

function and basic physical fitness

  Table 4. shows the results of the correlation 
analysis between pulmonary function and basic 
PF. While the pulmonary function of male 
students was related to right handgrip strength, 
left handgrip strength, and lower back 
strength, the  pulmonary function of  female
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Table 4. Correlation between pulmonary function and basic physical fitness

Variable FVC FEV1 %FVC %FEV1

Male

Right handgrip strength .304*** .367*** .241** .294***
Left handgrip strength .294*** .354*** .229** .300***
Lower back strength .280** .251** .211** .212**

Sit and reach distance .149 .156 .152 .170*
Sargent jump height .024 .064 .002 .029

Reaction time -.093 -.052 -.064 -.083

Female

Right handgrip strength .319*** .225** .194* .257**
Left handgrip strength .300*** .246** .171* .218**
Lower back strength .383*** .312*** .260** .307***

Sit and reach distance .262** .085 .300*** .257**
Sargent jump height .276*** .151 .211** .270**

Reaction time -.147 -.082 -.174* -.158*

FVC; forced vital capacity, FEV1; forced expiratory volume in 1 second. *p < 0.05, **p < 0.01, 
***p < 0.001

students was related to all basic PF. 
 Right handgrip strength was significantly 
correlated with FVC (male; r=.304, p<.001, 
female; r=.319, p < 0.001), FEV1 (male; 
r=.367, p < 0.001, female; r=.225, p < 0.01), 
%FVC (male; r=.241, p < 0.01, female; 
r=.194, p < 0.05), and %FEV1 (male; r=.294, 
p < 0.001, female; r=.257, p < 0.01). Left 
handgrip strength significantly correlated with 
FVC (male; r=.294, p < 0.001, female; r=.300, 
p < 0.001), FEV1 (male; r=.354, p < 0.001, 
female; r=.246, p < 0.01), %FVC (male; 
r=.229, p < 0.01, female; r=.171, p < 0.05), 
and %FEV1 (male; r=.300, p < 0.001, female; 
r=.218, p < 0.01). Lower back strength 
significantly correlated with FVC (male; 
r=.290, p < 0.01, female; r=.383, p < 0.001), 
FEV1 (male; r=.251, p < 0.01, female; r=.312, 
p < 0.001), %FVC (male; r=.211, p < 0.01, 
female; r=.260, p < 0.01), and %FEV1 (male; 
r=.212, p < 0.01, female; r=.307, p < 0.001). 
Sit and reach distance significantly correlated 
with FVC (female; r=.262, p < 0.01), %FVC 
(female; r=.300, p < 0.001), and %FEV1 
(male; r=.170, p < 0.05, female; r=.257, p < 
0.01). Sargent jump height significantly 
correlated with FVC (female; r=.276, p < 
0.001), %FVC (female; r=.211, p < 0.01), and 
%FEV1 (female; r=.270, p < 0.01). Reaction 

time significantly correlated with %FVC 
(female; r=-.174, p < 0.05), and %FEV1 
(female; r=-.158, p < 0.05).

3.4. Correlation between pulmonary 

function and physical activity

  Table 5. shows the results of the correlation 
analysis between pulmonary function and PA. 
While the pulmonary function of male students 
was related to all PA variables, the pulmonary 
function of female students was hardly relevant 
to variables of PA. FVC significantly correlated 
with total PA (male; r=.319, p < 0.001), 
high-intensity PA (male; r=.235, p < 0.01), 
middle-intensity PA (male; r=.236, p < 0.01, 
female; r=.160, p < 0.05), and low-intensity 
PA (male; r=.193, p < 0.05). FEV1 
significantly correlated with total PA (male; 
r=.243, p < 0.01) and middle-intensity PA 
(male; r=.228, p < 0.01). %FVC significantly 
correlated with total PA (male; r=.296, p < 
0.001), high-intensity PA (male; r=.212, p < 
0.001), middle-intensity PA (male; r=.229, p < 
0.01), and low-intensity PA (male; r=.180, p 
< 0.05). %FEV1 significantly correlated with 
total PA (male; r=.293, p < 0.001), high- 
intensity PA (male; r=.198, p < 0.05), middle- 
intensity PA (male; r=.251, p < 0.01), and 
low-intensity PA (male; r=.174, p < 0.05).
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Table 5. Correlation between pulmonary function and physical activity

Variable FVC FEV1 %FVC %FEV1

Male

Total (METs) .319*** .243** .296*** .293***

High-intensity (METs) .235** .158 .212** .198*

Middle-intensity (METs) .236** .228** .229** .251**

Low-intensity (METs) .193* .135 .180* .174*

Female

Total (METs) .116 .120 .038 .049

High-intensity (METs) .110 .034 .045 .017

Middle-intensity (METs) .160** .148 .114 .099

Low-intensity (METs) -.002 .084 -.053 .004

METs; Metabolic Equivalent of Task score. *p < 0.05, **p < 0.01, ***p < 0.001

4. Discussion

  Absolute pulmonary function parameters 
decrease with age in asymptomatic adults, and 
the deteriorating environment in modern 
society increases the importance of protecting 
pulmonary function. Since the decline in 
absolute and relative pulmonary function can 
be accelerated with age [17], methods to 
maintain and improve pulmonary function in 
young adults are required. Therefore, this 
study analyzed whether the pulmonary function 
was related to basic PF and PA in healthy 
college students and identified gender-specific 
differences. The main findings of this study 
were that the subcomponents of basic PF were 
highly related to the pulmonary function of 
female students, and the PA levels were highly 
related to the pulmonary function of male 
students. 
  Basic PF is a representative index of the 
overall health state of an individual and is 
widely used regardless of age. A previous 
study reported that boys showed higher 
aerobic fitness, strength, and speed, but girls 
had better flexibility [18]. Another study also 
reported that excluding the Sit and Reach test, 
men scored higher in the Course-Navette test, 
the Horizontal Jump test, and the 20-meter 
run test than women [19]. In this study, as a 
result of analyzing basic fitness with respect to 

gender, men had a higher handgrip strength, 
lower back strength, Sargent jump height, and 
reaction time than women, but women were 
more flexible than male students. The reason 
for the difference in PF between men and 
women may suggest physiological differences 
between men and women, which may provide 
a disadvantage to physical performance in 
women [20]. Since the underlying basic PF 
subcomponents in this study were muscular 
strength, muscle power, agility and flexibility, 
the gender differences in skeletal muscle and 
body fat, may be underly these results. 
Previous studies reported that lower levels of 
basic PF were partially explained by lower 
skeletal muscle mass [21], and the influence 
factors of fitness differences between men and 
women were high levels of body fat [22] and 
a more sedentary lifestyle [23]. This is 
explained by the differences in the 
high-intensity PA levels in this study.
  In this study pulmonary function was 
correlated with muscle strength regardless of 
gender, but additionally correlated to 
flexibility, balance, and accuracy only in 
female students. We and other researchers have 
previously demonstrated that pulmonary 
function is associated with muscle strength 
[15,16,24] and power [25]. As subjects with 
reduced skeletal muscle mass may have a 
weakened ability to inflate and contract the 
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lungs, reduced skeletal muscle mass was 
independently associated with low levels of 
FEV1 and FVC [26]. Therefore, this finding 
suggests that muscle strength and muscle mass 
are associated with pulmonary function. In 
addition, pulmonary function in female 
students in this study was further associated 
with flexibility and agility. These results 
suggest that further studies are needed on the 
relationship between female pulmonary 
function and these variables.
  There are normal gender differences in PA 
levels, and in almost all studies of various 
ages, men have a higher PA than women 
[27,28]. Barnekow-Bergkvist et al. analyzed 
changes in PA participation patterns from 
children to adults and found more boys than 
girls at the age of 16, participated in leisure 
sports activities. However, when the same 
participants were reviewed in adulthood, there 
was no gender difference in overall PA, but 
men tended to participate in more intense PA 
[31]. Another study reported no gender 
differences in low-intensity PA, because 
women also participate in walking exercise and 
housework at an equivalent level to men [32]. 
Similar to previous studies, we have shown 
men have a significantly higher total PA and 
high-intensity PA than females, but there was 
no difference in middle- and low-intensity PA 
levels. In our study, we did not analyze the 
causes of differences in PA levels by gender, 
but additional studies analyzing these would be 
interesting.
  We found pulmonary function in male 
students was related to all subcomponents of 
PA. High levels of PA were associated with 
improved pulmonary function [33], and slower 
age-related decline of pulmonary function in 
healthy adults [34,35]. Lack of regular physical 
exercise is an important factor contributing to 
COPD development and mortality [11,36], and 
the pulmonary capacity index improves after 
an exercise intervention in young adults [37]. 
However, there was little correlation between 
PA levels and pulmonary function of female 

students in this study. These different results 
may be due to the nature of the female 
participants tested here, which is a limitation 
of the study in which we did not confirm this.  
College students are easily exposed to 
unhealthy behaviors and habits [38,39], and 
compared to male students, female students' 
lifestyle characteristics may have reduced PA 
levels, so additional research is needed to 
analyze this.
  Our study has several strengths and potential 
limitations. The strength of this study is that it 
evaluated the pulmonary function of healthy 
young adults and identified the difference in 
the pulmonary function of gender-specific 
according to PA and PF ability.  We believe 
that our finding that PA level and basic PF 
ability are related to COPD development is 
robust. This study has some limitations. Data 
concerning PA were purely based on a 
self-reporting questionnaire, with no objective 
confirmation using a direct measurement of 
PA. Therefore, PA may have been exaggerated 
or reduced depending on the disposition of the 
subjects. Another limitation is that other 
factors that could affect basic PF, PA, and 
pulmonary function were not investigated. 
Additional studies on the psychological state, 
nutritional status, and lifestyle of the 
characteristics may be required to evaluate 
these related factors.

5. Conclusion

  In summary, the results of this study showed 
that pulmonary function was highly related to 
basic PF in female students and PA in male 
students. Therefore, the findings of this study 
suggest that male students need to increase PA, 
and female students need to improve basic PF 
to improve and maintain healthy pulmonary 
function. Understand gender differences for 
pulmonary function-related factors and the 
gender-specific educational efforts is needed to 
improve pulmonary capacity in college students.



Vol. 38, No. 4 (2021) Pulmonary function is related to basic physical fitness and physical activity in college students   9

- 1173 -

Acknowledgments

  This work was supported by the Dong-A 
University research fund.

References

 1. V. K. Sidhaye, K. Nishida, F. J. Martinez, 
“Precision medicine in COPD: where are 
we and where do we need to go?”, 
European respiratory review, Vol.27, 
No.149 pp. 1-23, (2018).

 2. D. M. Mannino, K. Higuchi, T. C. Yu, H. 
Zhou, Y. Li, H. Tian, K. Suh, “Economic 
Burden of COPD in the Presence of 
Comorbidities”, Chest, Vol.148, No.1 pp. 
138-150, (2015).

 3. S. Salvi, P. J. Barnes, “Is exposure to 
biomass smoke the biggest risk factor for 
COPD globally?”, Chest, Vol.138, No.1 
pp. 3-6, (2010).

 4. O. P. Kurmi, K. B. Lam, J. G. Ayres, 
“Indoor air pollution and the lung in low‐ 
and medium‐income countries”, The 
European respiratory journal, Vol.40, No.1 
pp. 239-254, (2012). 

 5. Y. Ding, J. Xu, J. Yao, Y. Chen, P. He, 
Y. Ouyang, H. Niu, Z. Tian, P. Sun, 
“The analyses of risk factors for COPD in 
the Li ethnic group in Hainan, People's 
Republic of China”, International journal 
of chronic obstructive pulmonary disease, 
Vol.10, pp. 2593-2600, (2015).  

 6. C. D. Mathers, D. Loncar, “Projections of 
global mortality and burden of disease 
from 2002 to 2030”, PLoS medicine, 
Vol.3, No.11 pp. 2011-2030, (2006). 

 7. A. E. Fawibe, L. O. Odeigah, M. J. Saka, 
“Reference equations for spirometric 
indices from a sample of the general adult 
population in Nigeria”, BMC pulmonary 
medicine, Vol.117, No.4 pp. 1146-1161, 
(2000).

 8. G. T. Ferguson, P. L. Enright, A. S. Buist, 
M. W. Higgins, “Office spirometry for 

lung health assessment in adults: a 
consensus statement from the national lung 
health education program”, Respiratory 
care, Vol.45, No.5 pp. 513-530, (2000). 

 9. A. Y. Leem, B. Park, Y. S. Kim, J. Chang, 
S. Won, J. Y. Jung, “Longitudinal decline 
in lung function: a community-based 
cohort study in Korea”, Scientific reports, 
Vol.9, No.1 pp. 1-8, (2019). 

10. P. Lange, B. Celli, A. Agustí, G. Boje 
Jensen, M. Divo, R. Faner, S. Guerra, J. 
L. Marott, F. D. Martinez, P. Martinez- 
Camblor, P. Meek, C. A. Owen, H. 
Petersen, V. Pinto-Plata, P. Schnohr, A. 
Sood, J. B. Soriano, Y. Tesfaigzi, J. 
Vestbo, “Lung-Function Trajectories 
Leading to Chronic Obstructive Pulmonary 
Disease”, The New England journal of 
medicine, Vol.373, No.2 pp. 111-122, 
(2015).

11. H. J. Park, J. H. Cho, H. J. Kim, J. Y. 
Park, H. S. Lee, M. K. Byun, “The effect 
of low body mass index on the 
development of chronic obstructive 
pulmonary disease and mortality”, Journal 
of internal medicine, Vol.286, No.5 pp. 
573-582, (2019).

12. B. Waschki, A. Kirsten, O. Holz, K. C. 
Müller, T. Meyer, H. Watz, H. 
Magnussen, “Physical activity is the 
strongest predictor of all-cause mortality 
in patients with COPD: a prospective 
cohort study”, Chest, Vol.140, No.2 pp. 
331-342, (2011).

13. K. V. Carson, M. G. Chandratilleke, J. 
Picot, M. P. Brinn, A. J. Esterman, B. J. 
Smith, “Physical training for asthma”, The 
Cochrane database of systematic reviews, 
Vol.30, No.9 pp. 1-62, (2013).

14. A. L. Ries, G. S. Bauldoff, B. W. Carlin, 
R. Casaburi, C. F. Emery, D. A. Mahler, 
B. Make, C. L. Rochester, R. Zuwallack, 
C. Herrerias, “Pulmonary Rehabilitation: 
Joint ACCP/AACVPR Evidence-Based 
Clinical Practice Guidelines”, Chest, 
Vol.131, No.5 pp. 4-42, (2007).



10   Ju Yong Bae․Kyung Jin Park․Ji Young Kim․Yul-Hyo Lee․Ji-Sun Kim․Min-Seong Ha․Hee-Tae Roh    Journal of the Korean Applied Science and Technology

- 1174 -

15. M. P. Smith, M. Standl, D. Berdel, A. von 
Berg, C. P. Bauer, T. Schikowski, S. 
Koletzko, I. Lehmann, U. Krämer, J. 
Heinrich, H. Schulz, “Handgrip strength is 
associated with improved spirometry in 
adolescents”, PloS one, Vol.13, No.4 pp. 
1-14, (2018).

16. J. Y. Bae, K. S. Jang, S. Kang, D. H. 
Han, W. Yang, K. O. Shin, “Correlation 
between basic physical fitness and 
pulmonary function in Korean children 
and adolescents: a cross-sectional survey”, 
Journal of physical therapy science, Vol.27, 
No.9 pp. 2687-2692, (2015).

17. E. T. Thomas, M. Guppy, S. E. Straus, K. 
J. L. Bell, P. Glasziou, “Rate of normal 
lung function decline in ageing adults: a 
systematic review of prospective cohort 
studies”, BMJ open, Vol.9, No.6 pp. 1-13, 
(2019).

18. C. C. Marta, D. A. Marinho, T. M. 
Barbosa, M. Izquierdo, M. C. Marques, 
“Physical fitness differences between 
prepubescent boys and girls”, Journal of 
strength and conditioning research, Vol.26, 
No.7 pp. 1756-1766, (2012).

19. C. Palomino-Devia, F. M. Otero- 
Saborido, J. A. González-Jurado, “Analysis 
of adiposity and physical fitness in young 
Colombian students”, Biomedica, Vol.36, 
No.3 pp. 343-353, (2016).

20. L. D. Sialino, L. A. Schaap, S. H. van 
Oostrom, A. C. J. Nooyens, H. S. J. 
Picavet, J. W. R. Twisk, W. M. M. 
Verschuren, M. Visser, H. A. H. 
Wijnhoven, “Sex differences in physical 
performance by age, educational level, 
ethnic groups and birth cohort: The 
Longitudinal Aging Study Amsterdam”, 
PLoS one, Vol.14, No.12 pp. 1-12, 
(2019).

21. M. Zhang, M. Schumann, T. Huang, T. 
Törmäkangas, S. Cheng, “Normal weight 
obesity and physical fitness in Chinese 
university students: an overlooked 
association”, BMC public health, Vol.18, 

No.1 pp. 1-10, (2018).
22. M. R. Cepero, R. López, C. Suárez- 

Llorca, E. Andreu-cabrera, F. J. Rojas, 
“Fitness test profiles in children aged 8–
12 years old in Granada (Spain)”, Journal 
of human sport and exercise, Vol.6, pp. 
135-146, (2011).

23. T. Sveinsson, S. A. Arngrimsson, E. 
Johannsson, “Association between aerobic 
fitness, body composition, and physical 
activity in 9- and 15-year-olds”, 
European journal of sport science, Vol.9, 
No.3 pp. 141-150, (2009).

24. S. Berntsen, T. Wisløff, P. Nafstad, W. 
Nystad, “Lung function increases with 
increasing level of physical activity in 
school children”, Pediatric exercise science, 
Vol.20, No.4 pp. 402-410, (2008).

25. E. Sillanpää, L. Stenroth, A. Y. Bijlsma, T. 
Rantanen, J. S. McPhee, T. M. Maden- 
Wilkinson, D. A. Jones, M. V. Narici, H. 
Gapeyeva, M. Pääsuke, Y. Barnouin, J. Y. 
Hogrel, G. S. Butler-Browne, C. G. 
Meskers, A. B. Maier, T. Törmäkangas, S. 
Sipilä, “Associations between muscle 
strength, spirometric pulmonary function 
and mobility in healthy older adults”, Age, 
Vol.36, No.4 pp. 1-11, (2014).

26. C. H. Park, Y. Yi, J. G. Do, Y. T. Lee, 
K. J. Yoon, “Relationship between skeletal 
muscle mass and lung function in Korean 
adults without clinically apparent lung 
disease”, Medicine, Vol.97, No.37 pp. 
1-10, (2018).

27. C. S. Rosenfeld, “Sex-dependent differences 
in voluntary physical activity”, Journal of 
neuroscience research, Vol.95, No.1-2 pp. 
279-290, (2017).

28. T. Egli, H. W. Bland, B. F. Melton, D. R. 
Czech, “Influence of age, sex, and race on 
college students' exercise motivation of 
physical activity”, Journal of American 
college health, Vol.59, No.5 pp. 399-406, 
(2011).

29. J. M. Beville, M. R. Meyer, S. L. Usdan, 
L. W. Turner, J. C. Jackson, B. E. Lian, 



Vol. 38, No. 4 (2021) Pulmonary function is related to basic physical fitness and physical activity in college students   11

- 1175 -

“Gender differences in college leisure time 
physical activity: application of the theory 
of planned behavior and integrated 
behavioral model”, Journal of American 
college health, Vol.62, No.3 pp. 173-184, 
(2014).

30. J. Butt, R. S. Weinberg, J. D. Breckon, R. 
P. Claytor, “Adolescent physical activity 
participation and motivational determinants 
across gender, age, and race”, Journal of 
physical activity & health, Vol.8, No.8 pp. 
1074-1083, (2011).

31. M. Barnekow-Bergkvist, G. Hedberg, U. 
Janlert, E. Jansson, “Physical activity 
pattern in men and women at the ages of 
16 and 34 and development of physical 
activity from adolescence to adulthood”, 
Scandinavian journal of medicine & 
science in sports, Vol.6, No.6 pp. 
359-370, (1996).

32. M. R. Azevedo, C. L. Araújo, F. F. 
Reichert, F. V. Siqueira, M. C. da Silva, 
P. C. Hallal, “Gender differences in 
leisure-time physical activity”, International 
journal of public health, Vol.52, No.1 pp. 
8-15, (2007).

33. A. Luzak, S. Karrasch, B. Thorand, D. 
Nowak, R. Holle, A. Peters, H. Schulz, 
“Association of physical activity with lung 
function in lung‐healthy German adults: 
results from the KORA FF4 study”, BMC 
pulmonary medicine, Vol.17, No.1 pp. 
1-9, (2017).

34. W. Nystad, S. O. Samuelsen, P. Nafstad, 
A. Langhammer, “Association between 
level of physical activity and lung function 
among Norwegian men and women: the 
HUNT study”, The international journal of 
tuberculosis and lung disease, Vol.10, 
No.12 pp. 1399-1405, (2006).

35. M. Pelkonen, I. L. Notkola, T. Lakka, H. 
O. Tukiainen, P. Kivinen, A. Nissinen, 
“Delaying decline in pulmonary function 
with physical activity: a 25-year 
follow-up”, American journal of 
respiratory and critical care medicine, 
Vol.168, No.4 pp. 494-499, (2003).

36. F. W. Booth, C. K. Roberts, M. J. Laye, 
“Lack of exercise is a major cause of 
chronic diseases”, Comprehensive 
Physiology, Vol.2, No.2 pp. 1143-1211, 
(2012).

37. S. S. Fatima, R. Rehman, K. Y. Saifullah, 
“Physical activity and its effect on forced 
expiratory volume”, The Journal of the 
Pakistan Medical Association, Vol.63, No.3 
pp. 310-312, (2013).

38. W. S. Chung, K. O. Shin, J. Y. Bae, 
“Gender Differences in Body Image 
Misperception According to Body Mass 
Index, Physical Activity, and Health 
Concern among Korean University 
Students”, Journal of Men's Health, 
Vol.15, No.1 pp. 1-9, (2019).

39. R. L. Lee, A. J. Loke, “Health-promoting 
behaviors and psychosocial well-being of 
university students in Hong Kong”, Public 
health nursing, Vol.22, No.3 pp. 209-220, 
(2005).


