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Abstract
Purpose: Training activities and altitude cause some of changes in the physiological adaptations and also athletic 

functionality. The purpose of this study was the effect of altitude and progressive exercise activity on the 
profile of testosterone changes and Some of immunity markers in active student basketball team. 

Material:  As to subjects this survey, 36 active male students with an average age of (19.5± 0.83) were selected from 36 
athletes with a maximum rate of oxygen uptake of about (VO2max=58.66± 2.9). The subjects, who were tested 
in the sea level f and post IAE (8 of periodical ascending to the height of 2800 meters for 3 days), were then 
asked on cycle ergometer (starting with 100 watts, increasing 25 watts every 3 minutes, with the work-to-
rest ratio of 3 to 1) to exhaustion. The initial blood sampling of the subjects was done 72 hours before the 
main test to determine the similar conditions of the subjects, and to measure the initial level of Testosterone 
hormone, lymphocytes and neutrophiles, in the sea level. Also, the blood sampling of both after and before 
the progressive exercise activity and the IAE stage were done. The serumal concentration of testosterone was 
measured via Elisa method and the amounts of lymphocytes and neutrophiles were determined using Cell-
Counter set. For statistical analysis, using the tests of Kolmogorov and Smirnov, repeated measurements were 
done in the level of  (p≤0.05). The complete process of analyzing the result was done through the software 
SPSS22.

Results: The outcomes of the present survey show the amount of lymphocytes and neutrophiles after a session of 
progressive exercise activity have had a meaningful increase (p<0.05). But, the increase rate of testosterone 
was not meaningful difference  (p>0.05). Testosterone, lymphocytes and neutrophiles showed a meaningful 
increase after progressive exercise activity in IAE conditions (p<0.05).  Also, the amounts of Testosterone, 
lymphocytes and neutrophiles, before IAE has not shown a meaningful rise, when compared to sea level 
conditions (p>0.05).  

Conclusions: It seems that, even though these changes were not meaningful, they were effective in reducing both the 
functionality of the subjects and the exhaustion duration.
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Introduction1

Many people, such as athletes and tourists, are exposed 
to altitude for various purposes. Climbers, skiers and 
sports teams that have to compete at different heights are 
also included [1]. Long-lasting activities related to oxygen 
transfer and aerobic energy apparatus are more likely to 
be influenced by low-pressure ambient conditions [2]. 
Height training is often used by endurance athletes who 
seek to improve their performance at sea level [3]. Several 
studies have shown group improvement in post-sea level 
performance and training at altitude [4].

Mounting time and elevation are the most important 
indicators for improving sea level performance. So 
far, different strategies or programs have been used 
to examine the effect of height on the body; the first is 
“Living at High Altitude and Practicing Low Altitude” 
[5]. These two methods of height training had a positive 
effect on physical function [6, 7]. The third is “High 
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Altitude Life and Practice.” Although there is little 
research on this method, the question arises whether 
low altitude (1000-1500 m) or medium (1800-2500 m) 
causes changes in indices. Physiological, hematological 
and functional in athletes at sea level [8, 9, 10]. Moderate 
elevation may result in high hematologic markers [8]. 
Most studies on functional [8, 10] and hematologic 
responses to moderate or high altitude burden On runners 
and cyclists [10]. Athletes, military, climbers, and those 
who do high-intensity, high-intensity physical activity 
achieve improved muscle function after 2 to 3 weeks 
of continuous elevation [11]. While continuing to stay 
at altitude may result in losses such as isolation due to 
lack or lack of accommodation and safety support [12], 
increased stress or oxidative stress [13], sleep disturbance 
[14], and general discomfort or boredom. In comparison, 
IAE (Intermittent Altitude Exposure) daily eliminates 
or minimizes these losses, thus suggesting alternate 
exposure to elevated or hypoxic conditions may be more 
acceptable [15]. Athletes, military, and climbers may also 
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not have enough time to gain altitude accidents during a 2 
to 3-week altitude stay. Therefore, alternating daily with 
hypoxic (Oxygen deficiency) and hypobaric (reducing 
barley pressure) conditions will have significant benefits 
[15].

Recent studies show that daily short-term altitude 
(IAE) exposure for three weeks (four hours a day, five days 
a week) is as effective as three weeks of altitude exercise 
in reducing the severity of acute mountain disease, 
poor performance (physical activity) and physiological 
adaptation [16]. However, although the benefits of 
positive reasoning and positive physiology (IAE) have 
been clearly identified, But the potential negative effects 
of (IAE) on health, especially in thirty immune systems, 
remain undefined [16].

Studies have shown that following intense acute 
endurance training, several components of the immune 
system stop within a few hours, occurring from 3 to 24 
hours after acute and endurance training, when the host’s 
defensive power is reduced [17]. These components 
include the number and function of neutrophils, 
lymphocytes, serum and salivary immunoglobulin 
concentrations, and natural killer cell adhesion [18].

Pederson & Steensberg suggested that intense 
physical exercise could be used as a transient and 
temporary stopping substance [19]. It has been suggested 
in this study that although lymphocyte and neutrophil 
concentrations increase during and after exercise, 
lymphocyte concentrations decrease during intense 
and prolonged physical activity and exercise (a 2.5–2 h 
marathon) [19].

In another study, the effect of 15 to 18 minutes of 
pedometer pedaling on a wheelchair after 45 stress and 
stress was examined in 45 male subjects, resulting in an 
increased number of circulating leukocytes, lymphocytes, 
and their subpopulations [20]. However, hypoxia can not 
only have beneficial effects on the body. In particular, 
hypoxia induces marked changes in the immune system, 
which increase the concentration of lymphocytes and 
neutrophils and alter function [19]. The effect of hypoxia 
on leukocytes is similar to the effect of exercise. Therefore, 
exercise and hypoxia cause changes in leukocytes and 
their subunits and provide moderate ability [19].

The leukocyte response to elevation is characterized 
by a rapid increase in lymphocytes (in less than 30 min) 
as well as an increase in neutrophils and lymphopenia; 
it is characterized by 2 to 4 h of elevation [21, 22]. 
Previous findings indicate that altitude adaptation, which 
occurs during constant altitude accommodation, indicates 
a return of WBC values and leukocyte subsets to basal 
levels at sea level [16].

Studies show that healthy volunteers exhibit effects 
similar to exposure to a height of 4,500 meters, when 
alternately placed in low-pressure chambers (hypobaric) 
and hypoxia, based on the findings of the neutrophils in 
them rapidly increase and the cells’ ability to produce 
superoxidants also increases [23]. Hypobaric and mild 
hypoxia also result in neutrophil activation [24].

Research on untrained men has shown that both 

resistance training and moderate-intensity aerobic 
exercise, after about 15 to 20 minutes, significantly 
increase serum free and testosterone levels relative to rest 
time. On the other hand, studies show that pre-race serum 
testosterone was elevated above sea level (P <0.02), but its 
concentration did not change after training and elevation 
[25].

In a study titled “Influence of Moderate Altitude 
Exposure on Serum Cortisol, Aldosterone, Renin, 
Testosterone, and Gonadotropin Concentration”, the 
researchers stated that within 48 hours of entering the 
2000-meter mean elevation, a significant increase in 
testosterone levels was observed [26].

Also in another study, the salivary testosterone 
concentrations of native men were measured at a height 
of 3600 m. The results indicate that salivary testosterone 
concentration in native men is significantly higher than 
non-native men [27].

Given the inconsistency of research reports regarding 
the effect of height and exercise training on safety indices 
(neutrophils and lymphocytes), some have been observed 
to increase, some to decrease, and others to no difference. 
Also, in some studies, there was no significant change 
in the relationship between the effects of exercise and 
exercise on testosterone. And on the other hand, given 
that very little research has been conducted to evaluate 
the impact of an exhaustive incremental training session 
on indicators.

At sea level, immunity (lymphocytes and neutrophils) 
and testosterone hormone examine IAE elevation 
conditions, so the present study could address some of 
the uncertainties about the effect of combining a fatiguing 
incremental training session plus IAE elevation on indices. 
Immune (lymphocytes and neutrophils) and testosterone 
hormones in active student basketball team.

The present study investigates the effect of periodic 
hypoxia and the increasing activity of testosterone profile 
and some safety indices of active student basketball team.

Material and Methods
Participants
Subjects performed one session of incremental activity 

on a wheelchair at sea level at an altitude of 2800 meters 
and were sampled in five stages. The research method is 
quasi-experimental.

The statistical population of this study consisted of 
36 male students of Damavand Islamic Azad University 
basketball team in adolescents, adolescents and 
adolescents. Has at least three years of experience in 
basketball, practicing three sessions a week. Statistical 
examples are knowledge male students aged 18 to 22 
years were selected according to the following steps.

Research Design
1. At first, the subject of the study was verbally 

informed about the players being available.
2. Twenty-five players announced their readiness by 

completing the questionnaire and the consent form.
3. They were tested one mile (1600 meters) according 

to a scheduled schedule and at a specified date to 
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determine the maximum oxygen consumption. The one 
mile run test equation (Rockport) was used to calculate 
VO2max. (Test time in minutes) - 1.438 (body weight in kg) 
0.1636 - 0.1636 (VO2max (ml/kg/min) (sex) + 8.344 (final 
heart rate test in beats per minute) 1928 is considered to 
be the number one for male subjects, and zero for female 
subjects [28].

4. Of the people who announced readiness after the 
one-mile test, 6 individuals with the highest oxygen 
consumption were selected.

Exercise protocol
To run the exercise program, the subjects first strapped 

the pacemaker to the chest and warmed up for five minutes 
and specialized warm-up on the speedometer for one 
minute, then began increasing activity on the pacemaker 
at 100 watts (With 25 watts per three minutes, work-to-
rest ratio of 3 to 1), where subjects staggered to the limit 
of fatigue. In this study, the term fatigue refers to a stage 
in which subjects declare their inability to pedal despite 
being encouraged to continue working. In the final phase 
of the test, it took the average person 15 seconds to cool 
down. They did it without resistance and then blood was 
drawn.

Steps to run the test
In this study, 10 cc blood samples were taken each 

time by a laboratory scientist with complete observation 
of sterile samples. And it was quickly sent to the medical 
diagnostic lab. Initial blood samples were taken from the 
subjects to determine baseline levels of cortisol and IgG 
to ensure normal distribution, 72 hours before the main 
test. Nutrition and activity of subjects 48 hours prior to 
exercise program were controlled. Exercise program 
involves increasing activity at sea level and after IAE 
(eight hours daily climbing 2800 meters for three days) on 
a wheelchair (start at 100 watts, increase 25 watts every 
three minutes, ratio) Work to rest 3 to 1) to the point of 
exhaustion. Blood samples were taken before and after 
increased activity. Serum testosterone concentrations 
were measured by ELISA and lymphocyte and neutrophil 
counts were measured by T-Counter.

Statistical Analysis
Kolmogorov and Smirnov tests were used for 

statistical analysis. Repeated measures (P≤0.05) were 
used for statistical analysis. All analyzes were performed 
using SPSS22 software analysis.

Results
Table 2 shows that there was no significant difference 

between testosterone and posttest seaweed levels 
(p=0.379, p=0.811, respectively). There was a significant 
difference between post-test height (p=0.043). These 
differences in post-test sea level compared to pre-test 
and post-test height (p=0.655, p=0.157, respectively). 
Does not show any. But there was a significant difference 
between pre-test and post-test in height (p=0.004).

Therefore, increasing activity and elevation on 
changes in testosterone concentration at different stages 
is significant. Figure 1 shows the average changes of 
testosterone in different stages of puddle.

Statistical analysis in Table 3 shows that there is 
a significant difference in the amount of lymphocyte 
changes in pre-test and post-test at sea level (p=0.0001, 
p=0.003, respectively). There was no significant 
difference with height pre-test (p=0.631). These changes 
in post-test showed a significant difference (P=0.0001) 
with respect to height pre-test, whereas there was no 
significant difference between post-test and post-test 
height (p=0.772). However, there was a significant 
difference between the pre-test and post-test at the level 
of level (p=0.0001).

Increasing activity and elevation on lymphocyte 
changes were significant. Figure 2 shows the average 
changes of lymphocytes in different stages of the study.

The results of Table 4 show that there is a significant 
difference in the amount of neutrophils change between 
pre-test and post-test sea level (p=0.0001, p=0.07, 
respectively), But these differences did not show a 
significant difference between sea pre-test and pre-test 
height (p=0.225). The results of the table do not show 
a significant difference between post-test sea level and 

Table 1. Mean and standard deviation of individual characteristics of subjects

Variables Age (Year)
Weight
(Kg)

Height
(centimeter)

BMI
(Kg /sqm)

VO2max

(ml/kg/min)

Mean±SD 16.5±0.83 68.66±4.08 183.3±7.36 20.46±1.36 58.66±2.9

Table 2. Test repeated tests of testosterone at various stages

Statistics Average 
difference SD Sig.

Sea pre-test
After sea test -0.21 0.22 0.379
Pre-test height -0.06 0.22 0.811
Post height test -0.89(*) 0.32 0.043

After sea test
Pre-test height 0.15 0.34 0.665
Post height test -0.67 0.4 0.157

Pre-test height Post height test -0.82(*) 0.17 0.004
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Figure 1. Average changes of testosterone in different stages of puddle
	

Table 3. Testing for repeated measurements of lymphocytes at different stages

Statistics Average 
difference SD Sig.

Sea pre-test

After sea test -3.59(*) 0.43 0.000

Pre-test height -0.23 0.46 0.631

Post height test -3.73(*) 0.68 0.003

After sea test
Pre-test height 3.35(*) 0.34 0.000

Post height test -0.15 0.49 0.772

Pre-test height Post height test -3.5(*) 0.43 0.000

Figure 2. Mean changes in lymphocyte values
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pre-test height and post-test height (p=0.224, p=0.438, 
respectively). However, there was a significant difference 
between pre-test height and post-test height (p=0.002).

According to the results of this study, the effect of 
increasing activity and height on neutrophil content 
changes. Figure 3 also shows the average of neutrophil 
changes at different stages of the study. 

Discussion
The findings of the present study show that the 

serum testosterone concentration of the subjects was 
not significantly different from the sea level despite the 
increased activity and IAE (pre-test IAE) of 6.3% and 2%, 
respectively.

But testosterone concentrations increased significantly 
as a result of increasing activity associated with IAE 
(posttest elevation) compared to pre-test sea level 
and IAE. Similarly, studies by Cumming et al. have 
not shown a significant effect of moderate-intensity 
aerobic and resistance training on elevated serum free 
testosterone levels [29].  Hakienn et al. observed a 
significant relationship between free testosterone and 
total testosterone concentrations during a 3-week training 
session in female students, which is consistent with the 
findings of the present study [30]. But studies by Hamp 
Lerr et al. suggest that after 48 hours’ exposure to 
moderate altitude showed a significant increase in serum 

testosterone concentration [26].
However, the present research has not been able to 

reach this conclusion after 24 hours. [31]. Also reported 
a very high concentration of testosterone after exposure 
to hypoxic and hypobaric media, which is not consistent 
with the results of the present study. Also, T. Vasankari et 
al. in a study of skiing and racing at altitude on pituitary, 
adrenal and testicular function in men stated that pre-
race serum concentration of testosterone increased 
significantly above sea level. Shows that the findings of 
the present study do not support this finding [25]. They 
also stated that there was no significant change in serum 
concentrations of testosterone after elevation activity. 
Which is consistent with the findings of the present study.

On the other hand, the present findings show that there 
is a significant increase in lymphocytes and neutrophils 
due to increased activity at sea level and altitude of 2800 
m. But at the same time, these values increase after 24 
hours of IAE  (8 hours per day for three days) was not 
significant. Klokker et al. examined the effects of short-
term hypoxia on the cellular immune system. The results 
showed that blood leukocyte levels increased during 
hypoxia-induced strain, which was due to a significant 
increase in the levels of natural killer NK (lymphocytes) 
during hypoxia, which is consistent with the present 
findings [12]. 

Similar studies by Nielsen et al. and Pedersen & 

Table 4. Test of repeated measurements of experimental neutrophils in different stages

Statistics Average 
difference SD Sig.

Sea pre-test
After sea test -1.93(*) 0.21 0.000
Pre-test height -1.02 0.78 0.252
Post height test -2.53(*) 0.82 0.027

After sea test
Pre-test height 0.92 0.7 0.249
Post height test -0.6 0.71 0.438

Pre-test height Post height test -1.52(*) 0.26 0.002

Figure 3. Average changes in neutrophil values	
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Hoffman-Goetz also confirm the results of the present 
study by investigating the effect of intense and intense 
exercise activity on lymphocyte and neutrophil growth 
[32, 33]. Bailey et al. in a study entitled Continuous and 
Intermittent Exposure to Elevation-Induced Hypoxia 
that Requires Glutamine Metabolism and Exercise B We 
reported significant changes in the level (p≤0.05) in white 
blood cells, lymphocytes and neutrophils, which is in line 
with the present research findings [34].

Yamada et al. investigated a study of the effect of 
activity to the extent of exhaustion on some athletes’ 
safety indices on eight male skiers [35]. The Beidleman 
et al. results indicated that exercise produced a significant 
increase in the number of lymphocytes and neutrophils 
immediately after exercise relative to resting levels, 
which is consistent with the findings of the present study. 
performs a sub-maximal exercise test on a wheelchair 
for 30 minutes at sea level at an altitude of 4300 meters 
before and after the IAE (4 hours a day, 5 days a week). 
They found that a significant increase in the number of 
lymphocytes and neutrophils was observed after sub-
maximal test and also after IAE compared to IAE pre-test 
and sea level, which confirms the present findings [16].

But Nieman et al. examined the immune response of 
elite female rowers after two hours of rowing. The results 
showed that there were relatively few changes in the 
number of leukocytes, lymphocytes and their subgroups, 
which is consistent with the findings of the present study 
[36].

Thack et al. examined 16 males by measuring the 
number of leukocytes and neutrophils during 4 h of 
hypoxia equivalent to 4000 m high. The results indicate 
that 4 hours of stay in hypoxic conditions causes significant 

changes in neutrophils and blood lymphocytes peripheral 
veins of the subjects, which are not in agreement with 
the present findings [37]. Thack et al. [37] also examined 
the number of leukocytes and neutrophils active during 4 
h of hypoxia equivalent to 4000 m in height, the results 
suggest that leukocytes respond to elevation expressing 
rapid lymphocyte growth (in less than 30 min) as well. 
The increase in neutrophils is after 2-4 hours of stay in 
hypoxia-induced elevation. While the present study 
did not show a significant increase in lymphocytes and 
neutrophils after 8 h in height for experimental group 
1 and 24 h IAE (8 h per day, for 3 days, 2800 m) for 
experimental group 2.

On the other hand, the above changes have weakened 
the performance of the subjects, which is 8.2% at the time 
of the subjects’ fatigue. Therefore, it seems that repeated 
IAE sessions over three days can provide physiological 
adaptations to height and decrease Prevent performance.

Conclusion 
In general, according to the findings of the present 

study, increased activity at sea level and associated with 
hypoxia induced at a height of 2800 m showed a significant 
increase in the concentration of testosterone and the levels 
of lymphocytes and neutrophils. However, given the lack 
of increased mean levels of testosterone and the amount 
of lymphocytes and neutrophils in hypoxia induced by the 
2800-meter-high hypoxia, age, fitness, length of stay, and 
altitude may have been effective.
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