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Abstract. [Purpose] This study compared the respiratory function and oxygen saturation levels of university 
students living at high altitude, to present a new approach for improving respiratory function using high altitudes 
above sea level. [Subjects and Methods] The subjects were 100 female students attending a university located ap-
proximately 850 m above sea level and 104 female students attending a university located at low altitude. Oxygen 
saturation, heart rate (HR), and respiratory function levels were measured. [Results] For the students living at high 
altitude, HR, PEF, and FEV1/FVC levels were low. In contrast, their oxygen saturation, FEV1, and FVC levels were 
higher than the levels found in students living at low altitude. Differences in respiratory function were revealed 
in first- and second-year students living at high and low altitudes. On the other hand, no significant differences in 
respiratory function were found between third- and fourth-year students. [Conclusion] University students living 
at high altitude had a slower HR and higher oxygen saturation levels as well as higher lung and inspiratory capac-
ity levels. Thus, physiological improvement in oxygen saturation levels and pulmonary function were seen in the 
individuals living at high altitude.
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INTRODUCTION

Although it is difficult to define a high altitude, it is gen-
erally accepted as being over 3,000 m above sea level where 
clinical, physiological, anatomical, and biochemical chang-
es can be substantial1). At high altitude, the human body 
experiences various physiological responses, such as an in-
crease in breathing capacity, an increase in cardiac output 
during submaximal exercises, and an increase in maximum 
aerobic power2). In addition, it is well known that decreases 
in atmospheric pressure at high altitude result in pulmonary 
function efficiently carrying oxygen due to a decrease in the 
partial pressure of oxygen in alveolar and arterial blood3). 
These characteristics of high altitude can be utilized to 
strengthen physiological function in relation to pulmonary 
function4). To breathe, oxygen is inhaled and transferred to 
the bloodstream and carbon dioxide is expelled by exha-
lation after the oxygen has been used by the body. There-
fore, respiratory function is a very important function for 
humans. Although Korea has many mountains, the number 
of mountains exceeding 1,500 m is relatively few so hardly 
any Koreans live at high altitude. Due to this environment 

in Korea, many athletes spend much money to participate in 
high-altitude training overseas. Despite equivocal findings 
about the benefits at high-altitude training, current theory 
dictates that the best approach is to spend several weeks liv-
ing at 2,500 m and train near sea level5). For these reasons, 
various methods have recently been attempted to gain the 
advantages of high altitude while overcoming its disadvan-
tages. For example, a training program called living high-
training low (LHTL) uses low-oxygen tents, intermittent 
exposure to low oxygen, and low-oxygen sleep to gain the 
advantages of high-altitude training6). In addition, recent 
studies have reported that improvement in pulmonary func-
tion can be achieved by living alternately at 850 m above sea 
level, and at low altitude. Daily living at high altitude can 
improve the pulmonary function while alternate daily liv-
ing between high-altitude and low-altitude places can elicit 
similar effects7). According to Roh’s study7), which argues 
that pulmonary function can be improved by alternate high 
and low-altitude living, it is appropriate to find a method for 
strengthening pulmonary function using the environment at 
high-altitude location. If daily living at high altitude could 
improve the pulmonary function, the high costs of training 
overseas could be reduced, and a new method for improving 
the skills of athletes whose pulmonary function is impor-
tant to their athletic performance could be established. In 
addition, not only athletes but also the public would benefit 
from advancements in methods for improving pulmonary 
function or respiratory-related difficulties through environ-
mental conditions.

Accordingly, the present study conducted a comparison 
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of respiratory function and oxygen saturation levels be-
tween female students living at high altitude and low al-
titudes.

SUBJECTS AND METHODS

The present study investigated the differences in pulmo-
nary function of university students living at high and low 
altitudes. To achieve this objective, the pulmonary function 
of female university students attending K University, locat-
ed approximately 850 m above sea level, and Y University, 
located at low altitude, were determined. The study’s ob-
jective and procedure were explained to the study subjects 
and their consent to participation was obtained. The ethical 
committee of Kangwon National University Hospital’s in-
stitutional review board approved the study. K University 
is located in Gangwon-do where mountainous terrain is 
common. Students of K University, which is located 850 m 
above sea level, take classes for approximately 20 hours 
every week for 15 weeks in a single semester, commuting 
to and from a dormitory located at 200 m above sea level. 
During school holidays, they return to their homes located 
in metropolitan cities, which are at low altitudes. Thus, K 
University students experience daily living at both high and 
low altitudes. On the other hand, Y University is located in 
Chungbuk Province where plains are common. Y Univer-
sity and its dormitory are both located at a low altitude. In 
this study, students of K University are henceforth referred 
to as high altitude living students while students of Y Uni-
versity are referred to as low-altitude living students. The 
oxygen saturation levels, HR, and pulmonary function of 
the female students of K and Y Universities were measured 
at a dormitory located at a low altitude at the same time 
between 5 pm and 6 pm. The experiment was conducted 
on October 2–25, 2013. In order to eliminate measurement 
errors between the two universities, we had two measur-
ers from both universities to ensure the same measure-
ment method was used. After training, three measurers 
performed the test measurements and the intra-class cor-
relation coefficient of inter-tester reliability was found to 
be 0.93.

The study subjects were chosen based on a history of 
no respiratory-related diseases, autonomic nervous system 
disability or symptoms, as well as no smoking history. In 
addition, for the two months prior to the measurements, 
they did not exercise for more than 20 minutes a day, which 
can affect cardiovascular function. The subjects attending 
K University included 25 first-year students (average age: 
18.92±0.57 years, average height: 163.04±4.25 cm), 25 
second-year students (average age: 19.96±0.54 years, aver-
age height: 161.52±5.45 cm), 25 third-year students (aver-
age age: 21.04±0.35 years, average height: 159.84±4.40 cm), 
and 25 fourth-year students (average age: 22.12±0.67 years, 
average height: 160.80±4.17 cm) totaling 100 students. The 
average age and height of the study subjects from K Uni-
versity were 20.51 years and 161.30 cm. Subjects attending 
Y University included 28 first-year students (average age: 
18.14±0.36 years, average height: 161.86±5.27 cm), 25 sec-
ond-year students (average age: 19.12±0.44 years, average 

height: 162.56±4.27 cm), 25 third-year students (average 
age: 20.04±0.46 years, average height: 159.88±5.04 cm), 
and 26 fourth-year students (average age: 21.12±0.59 years, 
average height: 162.00±5.08 cm) a total of 104 students. The 
average age and height of the study subjects from Y Univer-
sity were 20.66 years and 161.59 cm.

Oxygen saturation and HR (beats per minute: bpm) lev-
els were measured using an instrument that calculates heart 
rate and arterial blood oxygen saturation levels (Pulse Ox-
imeter, MP110P, Mek-ICS Co., Korea). The pulse oximeter 
was attached to the subject’s middle fingers and the levels 
were measured in a stable state 68 times within five min-
utes. Then, the average of the measured levels was calcu-
lated. Pulse oximetry is a non-invasive method that uses 
an instrument to monitor oxygen saturation levels easily 
and quickly, and displays the measured levels as SpO2. In 
this study, forced vital capacity (FVC), forced expiration 
volume of 1 second (FEV1), peak forced expiratory flow 
(PEF), and forced vital capacity of 1 second were measured 
using cardiopulmonary measuring instruments (Microp-
lus Spirometer, Carefusion Co., UK). The FEV1/FVC ratio 
was calculated. When subjects arrived at the measurement 
location, they were instructed to rest for more than five 
minutes to ensure that their condition was normal. Then, 
oxygen saturation and HR levels were measured using the 
right index finger. Demonstrations and explanations about 
the required posture were provided before measuring car-
diopulmonary function, which was done three times. The 
averages of the measured levels were used in the study. Vi-
tal capacity was measured using the method recommended 
for chronic obstructive pulmonary disease patients by re-
ferring to the standard guidelines8) for the implementation 
and reading of pulmonary function tests published by the 
American Thoracic Society and the European Respiratory 
Society. When pulmonary function was measured, the sub-
jects were instructed to look forward, while standing in an 
upright position. The subjects were instructed to maximally 
inhale and then exhale quickly and strongly for the longest 
time possible, while firmly holding the nose and properly 
biting the mouthpiece. To obtain better measurement re-
sults, the subjects were encouraged by a researcher saying, 
more, more, more, hoo. The subject was instructed to rest 
for approximately two minutes after each measurement so 
as not to record rebound measurements. When measured 
levels could not be properly obtained because the subject 
coughed or otherwise, the subject was instructed to rest, 
after which the measurement was repeated.

The data were analyzed using SPSS 12.0 for Windows 
and the paired t-test to determine respiratory function and 
oxygen saturation levels according to grade. The statistical 
significance level was chosen as p=0.05.

RESULTS

This study was conducted to compare the cardiopulmo-
nary functions of female university students living at high 
altitude and low altitudes. Oxygen saturation and cardio-
pulmonary function levels of the students attending the 
college located at low altitude and those attending the col-
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lege at high altitude were determined. HR, PEF, and FEV1/
FVC levels of the students living at high altitude were lower 
while their oxygen saturation, FEV1, and FVC levels were 
higher than the levels of the students living at low altitude. 
There were significant differences between the two groups 
of students in all the measured item (p<0.01) (Table 1). That 
is, the HR of students living at high altitude was slower 
while their oxygen saturation, lung capacity, and inspira-
tory capacity levels were higher than the levels of students 
living at low altitude.

Differences in oxygen saturation, bpm, and respiratory 
function levels of students living at low and high altitudes 
were determined according to grade. First-year students 
showed statistically significant differences in all items, 
except for bpm and FEV, between students living at low 
and high altitudes (p<0.01). Second-year students showed 
statistically significant differences in all items, except for 
oxygen saturation levels, between students living at low and 
high altitudes (p<0.05, p<0.01). Third-year students showed 
no significant difference in any item. Fourth-year students 
showed a significant difference only in FVC (p<0.05). HR 
and PEF levels of students living at high altitude were lower 
while their oxygen saturation, FEV1, and FVC levels were 
higher than the levels of students living in a low-altitude 
place. However, first- and second-year students living at 
high altitude had lower FEV1/FVC levels than students liv-
ing at low altitude. Therefore, it can be said that living daily 
at high altitude affects respiratory function (Table 2).

DISCUSSION

This study aimed to determine whether living at high 
altitude place can change pulmonary function by compar-
ing the pulmonary functions of female university students 
living at high and low altitudes. It is generally accepted that 
HRs at high altitude are higher while oxygen saturation lev-
els are lower than at low altitude. In contrast, maximum 
oxygen uptake and endurance levels are lower at high alti-
tude than at low altitude9). In this study, students living at 
high altitude had lower HR and higher oxygen saturation 
levels than students living at low altitude. The reason for 
this is that the students living at high altitude had adapted 
to the high-altitude environment and their HR and oxygen 
saturation levels were similar to those seen in individuals 
living in a high-altitude environment. Therefore, their HR 
levels were lower while their oxygen saturation levels were 
higher than the levels of students living at low altitude when 
the measurement was done at low altitude.

Changes in the respiratory system at high altitude are re-
lated to lung capacity, diffusion capacity, the perfusion and 
ventilation relationship, and changes in lung ventilation ca-
pacity10). In order to reduce the excessive ventilation of the 
lungs, indigenous people at high altitude have a larger lung 
capacity and 21–28% lower residual capacity than those liv-
ing at low altitude11). In this study, students living at high al-
titude had higher FEV1 and FVC and lower PEF levels than 
those of the students living at low altitude a result, which 
is consistent with previous studies1, 10, 11). Therefore, it can 
be said that living daily at high altitude affects pulmonary 
function.

Table 1.  Comparison of pulmonary functions of female university students at low and high altitude

HR** 
(bpm)

Oxygen  
saturation**  

(%)

FEV** 
(ml)

FVC** 
(ml)

PEF** 
(ml) FEV1/FV**

High altitude 77.73±10.34 98.26±1.02 2.65±0.38 2.87±0.46 318.10±71.78 0.93±0.77
Low altitude 82.15±9.09 97.68±1.50 2.39±0.46 2.45±0.49 363.20±74.63 0.98±0.04

**p<0.01, HR: heart rate, FEV1: forced expiratory volume of one sec, FVC: expiratory flow rate obtained by fastest 
expiration after maximal inhalation, PEF: peak expiratory flow, FEV1/FVC: the ratio of forced expiration volume for 
1 sec to forced vital capacity.

Table 2.  Comparison of pulmonary function of female university students by grade level

HR 
(bpm)

Oxygen  
saturation (%)

FEV1 
(ml)

FVC 
(ml)

PEF 
(ml)

FEV1/FVC 
(%)

Freshmen
H 78.04±10.23 98.44±0.77** 2.62±0.46 2.96±0.47** 279.84±82.26** 0.88±0.02
L 82.76±8.88 97.32±1.95 2.38±0.46 2.41±0.47 374.24±72.29 0.99±0.02

Sopho-
mores

H 76.84±11.85* 98.32±0.80 2.69±0.40** 2.98±0.53** 307.04±62.84** 0.91±0.08**
L 83.64±9.56 97.96±1.02 2.28±0.32 2.31±0.32 371.81±76.02 0.99±0.02

Juniors
H 75.92±7.63 98.32±1.18 2.57±0.35 2.66±0.39 326.27±62.73 0.97±0.54
L 78.96±9.97 97.60±1.66 2.45±0.35 2.54±0.34 325±71.77 0.97±0.06

Seniors
H 80.12±11.31 97.96±1.24 2.70±0.30 2.86±0.38** 356.15±57.56 0.95±0.06
L 83.32±7.50 97.88±1.20 2.46±0.63 2.53±0.71 378.72±65.17 0.97±0.05

*p < 0.05, **p < 0.01, H: high altitude, L: low altitude, HR: heart rate, FEV1: forced expiratory volume of one sec, FVC: expiratory 
flow rate obtained by fastest expiration after maximal inhalation, PEF: peak expiratory flow, FEV1/FVC: the ratio of forced expira-
tion volume for 1 sec to forced vital capacity.
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HR and PEF levels of students living at high altitude 
were lower while oxygen saturation, FEV1, and FVC levels 
were higher than those of students living at low altitude. 
First-year students showed statistically significant differ-
ences in all items, except for bpm and FEV, between living 
at low and high altitudes and second-year students showed 
differences in all items, except for oxygen saturation levels. 
The main items showing physiological changes at high al-
titude are cardiac output, HR, and pulmonary artery pres-
sure10). In particular, the first- and second-year students who 
lacked the ability to adapt to daily living at high altitude, 
had lower FEV1/FVC levels than those of students living 
at low altitude.

Third-year students living at high altitude showed no 
significant differences when compared with students living 
at low altitude, while fourth-year students showed different 
FVC levels. These results indicate that the pulmonary func-
tion of third- and fourth-year students had adapted to living 
at high altitude through living there for a long period. Our 
results also showed that cardiac output increased in those 
taking a rest while living at low altitude as well as those 
exercising at an earlier time while living at high altitude. 
However, cardiac output returned to the value seen at sea 
level once the subjects had adapted to living at high alti-
tude10). This is explained by the fact that people living at low 
altitude increase pulmonary perfusion and lung capacity in 
response to the low atmospheric pressure and low oxygen 
partial pressure when temporarily living at high altitude11). 
Also, the amount of ventilation experienced while resting 
does not recover to the value seen at sea level even if com-
plete adaptation is achieved. When living at high altitude 
for a certain period of time, the human body acclimatizes 
by increasing pulmonary perfusion and lung capacity, in-
creasing the oxygen-binding capacity of blood and periph-
eral tissues, and increasing the amount of red blood cells in 
order to endure the low atmospheric pressure and low par-
tial pressure of oxygen12). Therefore, third- and fourth-year 
students had increased lung capacity and pulmonary perfu-
sion because of adaptation to daily living at high altitude.

Our results suggest that, if an individual is not accus-
tomed to high altitudes of between 1,500 m or 3,000 m 
above sea level, living at high altitude would mainly elicit 
physiological changes in oxygen saturation and pulmonary 
function. However, this study did not identify how long a 
daily living period at high altitude is needed to influence 
pulmonary function enough that it can improve the perfor-

mance of athletes. In addition, the students living at high 
altitude did not stay at high altitude all the year round, only 
for 30 weeks of the year. Thus, the time spent at school at 
high altitude would be much shorter than 30 weeks. None-
theless, our study results show that there were changes in 
oxygen saturation and pulmonary function levels, even un-
der such conditions. Therefore, it would be a good idea to 
search for measures to utilize high-altitude locations to im-
prove the pulmonary function of athletes. That is, changes 
in pulmonary function can be obtained through training 
that alternates between low- and high-altitude locations. It 
would be more advantageous to open a training field at high 
altitude and have athletes stay there for a certain period 
rather than travel overseas to training facilities at a high al-
titude locations, in terms of finances and the administration 
of athletes. Thus, an in-depth study should be conducted of 
pulmonary function and physiological changes at high alti-
tude. Also, future research of male subjects and individuals 
of various ages is needed.
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