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Abstract: Objective: This study was conducted to investigate the effect of high altitude on endurance exercise
performance in normal healthy subjects. Subjects and Methods: One hundred normal healthy female students from
Taif University incorporated in this study; their ages ranged from 18 to 25 years old. All subjects had assessed for
some parameters of physical fitness and endurance including pulmonary function tests (PFT) using Spirolab III in
two steps; the first step measurements tested before starting specific endurance exercise program on a treadmill for
continuous 25 minutes. Endurance exercises were provided five times per week for continuous four weeks. The
second step measurements were performed at the end of the endurance exercise program (after four weeks). Results:
There was a statistical significant increase in the measured spirometric parameters at post intervention as compared
to pre intervention (p>0.05). The measured parameters were: vital capacity (VC), forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV1) and maximum voluntary ventilation (MVV) Conclusion: Endurance
exercise can improve physical fitness in normally healthy females living at high altitude in terms of improvement in
PFT .
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training and competition-which depends on high rates
of oxygen consumption--gets slower at altitude [6].
Endurance exercise can be defined as
cardiovascular exercise–such as running, crosscountry skiing, cycling, aerobic exercise or
swimming–that is performed for an extended period
of time [7]. Endurance exercise involves complex
integration of multiple physiological functions, but
despite its multifaceted nature, this type of exercise is
characterized by one simple requirement–the ability
to sustain repeated muscle contraction. Endurance
exercise involves complex integration of multiple
physiological functions, but despite its multifaceted
nature, this type of exercise is characterized by one
simple requirement–the ability to sustain repeated
muscle contraction [8].
Research into altitude as a training environment
that could improve exercise endurance and
performance has grown in the last decade, with the
development of a number of new training methods,
such as "Living High--Training Low" and "Training
High--Living Low". These have contributed to an
improvement of performance in a significant number
of athletes [9]. Generally, research involving high
altitude focuses on heights of 3,000 m or more. There
is less research, and less of an adaptation reaction at
moderate altitude (1,500 to 3,000 m). It would be
incorrect to assume that the magnitude and timing of
adaptations to high altitude are the same as those of
moderate altitude [10]. This paper will demonstrate
the impact of high altitude on endurance exercise

1. Introduction
Regions on the Earth's surface that are high
above mean sea level are referred to as high altitude
[1, 2]. In recent years there has been a growing
interest in the effects of high altitudes on the human
body. High altitudes are being frequented by more
and more people for sport and leisure pursuits, and
are increasingly being used both as a training
environment and for investigating the healthy body in
hypoxic conditions [3]. During the ascent from sea
level, atmospheric pressure and partial oxygen
pressure decrease, humidity and temperature
decrease, and radiation is elevated. The altitudes at
which physiological changes and clinical symptoms
occur are not constant, but variations may usually
appear above 2300-2800 meters. There is a wide
variability of reactions to low oxygen in the air
inhaled. The physiological parameters during both
rest and physical activity at high altitudes are
different from those at sea level, and the differences
are reflected in concomitant changes in attitude and
behavior [3].
Medicine recognizes that altitudes above 1,500
metres (4,900 ft) start to affect humans [4], and
extreme altitudes above 5,500–6,000 metres (18,000–
20,000 ft) cannot be permanently tolerated by
humans [5]. The higher you go in the atmosphere, the
thinner the air. Thinner air means less air resistance,
so athletes who sprint, jump, or cycle will perform
better at high-altitude venues. But thinner air also
means less oxygen, so the pace of hard endurance

183

Journal of American Science 2014;10(9)

http://www.jofamericanscience.org

performance in normal healthy subjects in terms of
measuring specific lung functions.

the total capacity of lungs and then a deep, gradual
expiration and aspirate the lungs completely.
Through this test VC (L) of samples can be
calculated. 3) MVV test: the participants made fast
inspiration and expiration for 10-15 seconds
constantly. By this method the amount of MVV
(L/m) can be obtained [6].
For endurance training:
Tunturi T40 electronic treadmill was used
(serial No., 10C6C-00279H). It is composed of a
feedback monitor, pulse handgrip, thick full length
hand rails, orthopaedic tread belt with a high torque
motor.
Each participant was instructed to walk for
continuous 25 minutes; Warm up for the first five
minutes of the total workout (in a pace of 1Km/h),
followed by walking in a pace of 2 Km/h) for 15
minutes, then cooling down for another 5 minutes (in
a pace of 1 Km/h)
Statistical Analysis
A) Data collection:
Data have been collected from one hundred
female students. The data which had been collected
were: 1) Vital Capacity (VC), 2) Forced Vital
Capacity (FVC), 3) Forced Expiratory Volume in 1
second (FEV1), and 4) Maximum Voluntary
Ventilation (MVV). All these variables were
measured before and after the endurance exercise
program.
B) Data analysis:
All data were analyzed by the SPSS software;
version 16.0.The mean and standard deviation were
calculated for the demographic characteristics and all
variables before and after the endurance exercise
program. The paired t-test was used to compare the
pre- and post-intervention values of VC, FVC, FEV1
and MVV. The results were considered significant if
the p values were less than 0.05.
3. Results
For this study, 150 female university students
were identified as potential participants (Figure 1). Of
these, 29 were excluded because they failed to fulfill
the inclusion criteria and 21 students refused to
participate in the study. Thus, of the original pool,
100 female university students participated in this
study with a mean ± SD of age, weight and height
were 23.45 ± 4.6 years, 50.43 ± 10.39 Kg and 156.45
± 7.1 cm respectively.
The results of the present study revealed a
statistically significant difference between the mean
values of baseline and post intervention of all
variables being tested; vital capacity (L), forced vital
capacity (L), forced expiratory volume in 1 second
(L) and maximum voluntary ventilation (L/min). The
mean values of all variables tested are shown in
Table 1 and represented in Figure 2.

2. Materials and Methods
Subjects:
A sample of one hundred normal healthy female
students collected from different faculties in Taif
University, Taif city, kingdom of Saudi Arabia. The
study was carried out using a cross sectional design.
Random sample of female students from different
faculties; their age ranged from 18 to 25 years old
were included in this study. Exclusion criteria:
Participants excluded if 1) they have history of
chronic systemic diseases (chronic obstructive
respiratory disease such as asthma, cardiovascular
disease /or renal disease). 2) Any pathology or injury
of any joint of the lower limb.
Procedure:
- Full medical history taking was conducted
after taking their consent to participate in the study.
- All subjects were assessed for some
parameters of physical fitness and endurance
including PFT (using Spirolab III) in two steps.
The first step measurement was tested before
starting specific endurance exercises on a treadmill
for continuous 25 minutes, 5 times/week, for
continuous four weeks.
The second step measurement was performed
for every participant at the end of the endurance
exercise program (after 4 weeks).
For
pulmonary
function's
parameters
measurement at first, Spirolab III (made in Italy) and
equipped with colour LCD (model Tuk-MIR 009,
serial No. A23-053) was adjusted by an expert, and
then the required instructions were provided to the
participants. During test performance, the operator
entered the required information of each participant
(height, age, gender, weight and race) in apparatus.
The examiner blocked the participants’ noses with
clips to stop air ways. Then, the participant stood or
sit in an arm chair in a way that their ribcage was flat.
Then each participant put a disposable cartoon mouth
piece on her mouth and blew in it. All participants
repeated the test phases 3 times and the best results
were recorded by apparatus expert and then were
analyzed.
The measured variables were: vital capacity
(VC), forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV1) and maximum voluntary
ventilation (MVV) pre and post exercise.
The spirometry test performed in 3 stages: 1)
FVC test: in this stage, participants made a strong
breath and filled their lungs totally then immediately
made a deep, strong and fast expiration. Via this test,
we can measure FVC (L) and FEV1 (L). 2) VC test:
the participants made a complete, deep inspiration to
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Table 1: Comparison between pre and post intervention for the tested lung volumes in the students participating in
the study.
Variable
Pre
Post
t-value
p-value
2.93±0.58
6.48±16.07
-2.22
0.029*
VC (L )
4.09±0.33
4.75±0.32
-26.80
0.0001*
FVC (L)
3.66±0.16
4.55±0.18
-45.36
0.0001*
FEV1 (L)
149.72±5.8
169.86±17.73
-11.45
0.0001*
MVV (L/min)
Values are mean ± SD.
VC: Vital Capacity.
ERV: Expiratory Reserve Volume.
FVC: Forced Vital Capacity.
FEV1: Forced Expiratory Volume in 1 second.
MVV: Maximum Voluntary Ventilation.
Pre: pre-intervention assessment
Post: post-intervention assessment
* Significant at P <0.05
Assessed for eligibility
(n=150)

Excluded
Not meeting inclusion criteria (n=29)
Refused to participate (n=21)
Consent form not returned (n=3)

Enrollment

Pre endurance exercise program + Post endurance
exercise program
Allocated to intervention (n=100)
Received to intervention (n=15)

Analyzed (n=100)
Fig 1. Participants flow through the study.

Fig. 2: The mean values of vital capacity (VC), forced vital capacity (FVC), and forced expiratory volume in 1
second (FEV1) at pre and post endurance training program.
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airways resistance. The increasing of this hormone
activity causes a decrease at reversibility of lungs and
dilatation of the vessels, and consequently airways
resistance decreases [16,17]. This mechanism could
provide an additional justification of the significant
increase of the spirometry parameters in the female
students who participated in this study at end of the
endurance training program.
It has been proved that Application of a
treadmill walking exercise three times weekly for 8
weeks resulted in increased exercise endurance,
improved VC and MVV. These improvements might
be due to one or more of the following factors:
improved aerobic capacity, or muscle strength or
both, increased motivation and improved ventilatory
muscle function [18].
This study has several limitations. The small
number of participants might limit the generalization
of the study results. The patients who participated in
this study were all aged between 18 and 25 years old.
Further studies are recommended to target older ages
to enable comparisons of the results across different
age groups. The lack of a control group trained at sea
level is might limit the generalization of our results.
Therefore, a future study is recommended to compare
the results between experimental (living at high
altitude) and control group (living at sea level).
Additionally, the absence of follow-up for the
participants might be considered another limitation of
this study. We suggest future studies to overcome
these limitations.

4. Discussion:
In recent years there has been a growing interest
in the effects of high altitudes on the human body.
High altitudes are being frequented by more and
more people for sport and leisure pursuits, and are
increasingly being used both as a training
environment and for investigating the healthy body in
hypoxic conditions [3].
This study was conducted to investigate the
effect of high altitude on endurance exercise
performance in normal healthy subjects in terms of
measuring specific lung functions. The results
revealed a statistically significant difference between
the mean values of baseline and post endurance
training program (after four weeks) of all variables
being tested; FVC (L) FEV1 (L), VC (L), and MVV
(L/min).
Since this study has been done in a real
environment, local parameters were out of control
and same factors like humidity, wind, temperature
and hydration level of individuals may affect the
obtained results of spirometry tests. Because of the
above mentioned reasons, this study was performed
in summer and in dry weather in order to reduce
humidity and temperature and wind effects as far as
possible. Furthermore, the used spirometer adjusted
to the environmental situations like temperature and
humidity somehow.
On the other hand, the samples of this study
were female faculty students and therefore their
menstrual cycle might affect the results obtained.
Change of estrogen and progesterone level in
menstrual cycle due to the changes of the ventilation
responses. Hence, the entire tests were done 3-8 days
after the menstrual days of the samples [11,12].
Exercise when performed regularly has benefits
on the various systems of the body. Regular exercise
has a favorable influence on cardiovascular functions
and also lung functions. There is an increasing
evidence to show that regular physical activity causes
many desirable physical, physiological and
psychological changes in an individual consequently
raising his level of fitness [13].
The significant improvement of spirometry
measures at the end of the endurance training
program might be attributed to the effect of exercises
on improving the strength of pulmonary muscles due
to the regular forceful inspiration and expiration for
prolonged period during training session. This helps
the lungs to inflate and deflate maximally. This
maximum inflation and deflation is an important
physiological stimulus for the release of surfactant
[14]. This comes in agreement with Shashikala and
Sarath [13] & Uppal and Rajendra [15].
The increasing of adrenalin hormone at high
altitude may have an important role at the decrease of

Conclusion:
Endurance exercises can improve physical
fitness in normally healthy females living at high
altitude in terms of improvement in selected
pulmonary function parameters.
References
1. An Altitude Tutorial". International Society for
Mountain Medicine. Archived from the original
on
19
July
2011.
http://www.ismmed.org/np_altitude_tutorial.ht
m.
2. Cymerman, A; Rock, PB. Medical Problems in
High Mountain Environments. A Handbook for
Medical Officers. USARIEM-TN94-2. US
Army Research Inst. of Environmental
Medicine Thermal and Mountain Medicine
Division
Technical
Report,
2009.
http://archive.rubicon-foundation.org/7976.
3. Navot-Mintzer D, Epstein M, Constantini N.
Physical activity and training at high altitude.
Harefuah 2003; 142(10):704-9.
4. Non-Physician Altitude Tutorial". International
Society for Mountain Medicine. Archived from

186

Journal of American Science 2014;10(9)

http://www.jofamericanscience.org

the original on 23 December 2005.
http://www.ismmed.org/np_altitude_tutorial.ht
m.
5. West JB. "Highest permanent human
habitation". High Altitude Medical Biology
2002; 3 (4): 401–407.
6. Faramoushi M, Bolboli L, Valizadeh A. Annals
of Biological Research 2012; 3 (1): 313 - 321
7. Robergs RA, Roberts SO. Exercise Physiology:
Exercise,
Performance
and
Clinical
Applications. St Louis: Mosby, 1997.
8. Kravitz L and Dalleck LC. Physiological factors
limiting endurance exercises capacity. IDEA
Health and Fittness Inc., 2002
9. Bassett DR, Howley ET. Limiting factors for
maximum oxygen uptake and determinants of
endurance performance. Med Sci Sports Exerc
2000; 32: 70–84.
10. Sutton JR. Exercise training at high altitude.
Swimming Technique 1994; February-April: 1215.
11. Shamara S, Brown B. Respir Phys 2007; 185:
113- 121.

12. West JB. Integ and Comparative Biol 2000; 46:
25-34.
13. Shashikala L, Sarath R . Effects of Exercise on
Pulmonary Function Test. Indian Journal of
Fundamental and Applied Life Sciences 2011; 1
(3): 230-231.
14. Hildebrean JN, Georice I, Clements JA.
Surfactant release in exercised rat lung
stimulated by air inflation. J Appl Physiol 1981;
51: 905-910.
15. Uppal AK, Rajendra Singh (1980). Changes in
cardio-pulmonary adynamic Index resulting
from 12-week participation in Physical
Education and conditioning programmes. Netaji
Subhas National Institute of Sports Edition
1980; 3 (4): 52-55.
16. Schoene RB. J Exp Biol 2001; 3121 – 3127.
17. Wolf C, Staudenherz A, Roggla G, et al. Int
Arch Occup Environ Health 1997; 69(2): 106 –
108.
18. Normandin E, Mccusker C, Conners M. An
evaluation of two approaches to exercise
conditioning in pulmonary rehabilitation. Chest
2002; 121:1085-1091.

7/5/2014

187

