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Abstract:
High-altitude tourism is becoming increasingly popular among non-athletic population, but its potential 

impact on health is often neglected. This study investigated the changes in male sex hormones after the trek 
at altitudes between 1400 m and 6476 m. Seventeen recreational lowland men (age 48±11 years) participated 
in a 26-day Himalayan trek, with the highest point reached being Mera Peak. The initial measurements 
were performed 10 days before departure and included blood tests (total testosterone, sex hormone-binding 
globulin – SHBG, dehydroepiandrosterone sulfate – DHEA-S, follicle stimulating hormone – FSH, and 
luteinizing hormone – LH) and ergometry on a treadmill. The final measurements were done 24 h after the 
return to 122 m (four days after reaching the altitude of 4300 m, and eight days after the altitude of 6476 m). 
During the tour, SpO2 and heart rate were measured 21 times. An increase in SHBG (42.6±10.6 to 50.7±12.0 
nmol·L-1; p=.011), and subsequent decrease in calculated free testosterone (1.8±0.3 to 1.6±0.3%; p=.003) were 
observed. There was a significant correlation between the relative testosterone decrease and SHBG with 
mean SpO2 (Spearman R=-0.64 and 0.41, respectively). LH and FSH increased significantly (FSH Median/
IQR before=3.9/3.1-5.4 and after 4.6/4.0-7.1 IU·L-1; p=.001 and LH Median/IQR before=4.8/3.1-5.2 and after 
5.9/4.9-9.3 IU·L-1; p=.008). The changes in LH and FSH did not correlate with SpO2, whereas the physical 
fitness levels (expressed in MET) did. The pituitary-adrenal-gonadal axis was affected by the altitude trek 
(involving physical exertion and hypoxia in combination), but the origin, duration and impact of changes in 
various aspects of men’s health should be further investigated. 
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Introduction
In recent years the high-altitude tourism is 

becoming increasingly popular even among the 
so-called non-athletic population. Apart from the 
known effects of high altitude on cardiovascular 
parameters, the altitude hypoxia may have an influ-
ence on other body systems such as endocrine 
and reproductive ones, and vice-versa, the endo-
crine system has been proposed as an important 
regulator of the high-altitude adaptation process. 
Changes in the sex hormones at high altitudes have 
been investigated only scarcely, and usually not 
in recreational population. There are suggestions 
of the free testosterone decrease at altitude and, 

according to current literature, adaptation to high 
altitudes might include lower serum testosterone 
levels, which protect against elevated hemoglobin 
levels and chronic mountain sickness (Marinelli, 
Roi, Giacometti, Bonini, & Banfi, 1994), but there 
is no evidence of a dose-response relationship and 
how soon after the initial exposure the acclima-
tization may start. On the other hand, an acute 
exposure to hypoxia leads to an increase in testos-
terone, which, via hypoventilation, protects from 
acute mountain sickness and respiratory alkalosis 
(Gonzales, Tapia, Gasco, Rubio, & Gonzales-
Castaneda, 2011). Moreover, changes in dehydroe-
piandrosterone-sulfate (DHEA-S) and its conver-
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sion to testosterone might be important in stress-
buffering during stay at altitude (Pontremolesiet, et 
al., 2012), and it is important for altitude acclima-
tization (Lee, et al., 2016). The protective effect of 
DHEA in pulmonary hypertension may be related 
to artery dilatation response to nitric oxide (Oka, 
et al., 2017). Additionally, there is an increasing 
evidence that there might be some rearrangement 
in neuroendocrine system as it has been proven 
for chronic exposure (Sadykova & Dzhunusova, 
2018). The stay at high altitude might initially lead 
to a decrease in serum luteinizing hormone (LH) 
and testosterone, and an increase in serum follicle-
stimulating hormone (FSH) level, but there are still 
some inconsistencies. For example, there is a study 
showing the increase of LH hormone (Verratti, et 
al., 2016). It seems that during a prolonged stay at 
high altitude serum FSH levels decrease, whereas, 
on the other hand, serum LH and testosterone levels 
increase (He, et al., 2015). Also, the decrease of 
plasma testosterone seems to be LH independent 
(Wang, Tsai, Chen, & Wang, 2001). As the previous 
findings were not always consistent, the aim of our 
study was to investigate the possible effects of a 
high-altitude trek on male sex hormones in non-
athletic male population.

Methods
The study included 17 adult male non-athletes 

(originating from the same village, who partici-
pated in a 26-day long tour of Himalayas at the end 
of 2017). Participants provided written informed 
consent and the study was approved by the Ethics 
Committee of the Faculty of Kinesiology, Univer-
sity of Zagreb. All study procedures were in accord-
ance with the Declaration of Helsinki.

Initial measurements
The initial measurements were performed 10 

days prior to the departure and included blood tests 
(total testosterone, sex hormone-binding globulin 
– SHBG, DHEA-S, FSH and LH) and ergom-
etry on a treadmill. The procedure started in the 
morning by taking blood samples at 9:30, after 12 
hours of fasting, in a laboratory at altitude of 122 
m above the sea level. Following blood sampling, 
the all-out treadmill test, overseen by cardiolo-
gists, was performed according to the standard-
ized Bruce stress test protocol (a graded test till 
complete exhaustion; Bruce, Kusumi, & Hosmer, 
1973). The goal was to exclude any possible coro-
nary heart diseases, but also to estimate partici-
pants’ cardiovascular fitness. The treadmill speed 
and incline increased every three minutes. From the 
achieved time, treadmill speed and treadmill grade, 
the maximal aerobic capacity was estimated and 
expressed in MET (metabolic equivalent of task). 

Intervention
The total duration of the trip was 26 days, day 

1 being the day of departure and day 26 the day of 
return, both by plane. The hike trip could be divided 
into two parts. During the first part (day 2 to day 
13) the participants flew from Kathmandu (at 1400 
m) to Lukla (at 2840 m) and then hiked to Base 
Camp (at 5364 m) and back to Lukla. The goal of 
the second part of the trip was to reach Mera Peak, 
so from day 14 to day 25 they climbed from Lukla 
to Mera Peak (at 6476 m) over Thuli Kharka and 
High Camp (at 5780 m) and again back to Lukla 
(at 2840 m) and finally returned by plane to Kath-
mandu (at 1440 m). The usual daily hiking dura-
tion was 5-6 hours.

During the expedition, the peripheral capillary 
oxygen saturation (SpO2) was recorded for about 
2 min by pulse oximetry from the fingertip. The 
measurements took place during the evening at each 
newly reached altitude (503 OXY-5 GIMA; Gima 
S.p.A., Gessate, Italy); SpO2 parameter specifica-
tions: measuring range (35-99%); accuracy (2% 
during 75-99%, 3% during 50-74%). In total, these 
measurements were taken on 21 occasions, the first 
one in Phakding (at 2645 m) and the last two in 
Lukla (at 2840 m).

Information about any drug consumption and 
altitude sickness symptoms were also noted. The 
first day after the return and a night’s sleep the labo-
ratory analyses were repeated in the same labora-
tory and according to the initial protocol.

The final measurements 
The blood tests were repeated, and the meas-

urements were conducted 24 hours after the return 
from Himalayas in the laboratory at 122 m altitude. 
It was eight days after reaching the highest altitude 
of Mera Peak and four days after a considerable alti-
tude of Zatrwa La. 

Blood tests
The levels of total testosterone, FSH, LH, 

SHBG and DHEA-S were determined by commer-
cial, fully automated immunoassays (Roche Diag-
nostics, Switzerland) on Cobas 6000 analyser 
(Roche Diagnostics, Switzerland). Free testosterone 
was calculated from total testosterone and SHBG 
levels using the online available Free & Bioavail-
able Testosterone calculator (www.issam.ch/freet-
esto.htm). According to the normal ranges provided 
by the immunoassay manufacturer, the reference 
ranges were as follows: free testosterone 1.2-2.6%, 
total testosterone 1.9-7.4 ng·mL-1, SHBG 19.3-76.4 
nmol·L-1, FSH 1.5-12.4 IU·L-1, DHEA-S 1.2-9.0 
µmol·L-1, LH 1.7-8.6 IU·L-1. 
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Data analysis
The data were analysed by Statistica for 

Windows, 13.0. Normality of data distribution was 
tested by Shapiro Wilks test. Pre- to post-differ-
ences were tested by Student t-test for dependent 
samples and Wilcoxon matched pairs test for vari-
ables that did not follow normal distribution. Rela-
tions between data were analysed by Spearman or 
Pearson correlation analysis. Data are presented 
as Mean±SD and Median/IQR for not normally 
distributed data. The cut-off value for statistical 
signifi cance was set at p<.05. The post-hoc power 
was analysed in G*POWER version 3.1.9.2., a free 
statistical power program available at http://www.
gpower.hhu.de/.

Results 
The mean age of the subjects was 48±11 years and 

the mean body mass index (BMI) 26.5±2.3kg·m-2. 
The mean heart rate at rest and mean oxygen satura-
tion at each point of measurement during the trip are 
presented in Table 1. The mean peripheral capillary 
oxygen saturation decreased with every increase in 
altitude (Figure 1).

The statistically signifi cant changes were 
observed in repeated measures of SHBG and calcu-
lated free testosterone. While the mean SHBG 
increased (from 42.6±10.6 to 50.7±12.0 nmol·L-1; 
p=.011), the mean free testosterone decreased (from 
1.8±0.3 to 1.6±0.3 %; p=.003; Table 2). 

The individual responses and the pre- and post-
ascent values of SHBG and free testosterone for 
each participant are shown in Figures 2 and 3. 

In the next step the changes in free testosterone 
and SHBG were expressed as delta values (percent-
ages). There was a high correlation between the 
increase in SHBG and the decrease in free testos-
terone (Spearman r=0.79; p<.05), which was 
expected. The correlation between the relative free 
testosterone decreases and SpO2 was signifi cant 
(Spearman correlation coeffi cient r=0.41; p<.05, 
Figure 4); the higher the mean SpO2 levels during 
the trip, the less the free testosterone decrease was 
found. Also, the peripheral capillary oxygen satu-
ration signifi cantly negatively correlated with the 
increase in SHBG (r=-0.64; p<.05). 

Table 1. The heart rate values at rest (HRrest) and the 
peripheral capillary oxygen saturation (SpO2) presented as 
Mean±SD on each of the 21 locations at which the data were 
collected

Location of measurement
HRrest 
(bpm)

Mean±SD

SpO2 (%)
Mean±SD

Phakding (2645m) 83.5±13.3 91.9±0.9
Namche Bazaar (3440m) 75.9±14.1 89.6±2.3
Kumjung (3700m) 74.1±10.7 89.3±3.0
Thyangboche (3870m) 79.4±12.3 89.7±3.1
Dingboche (4360m 83.9±14.2 85.9±3.9
Dongla (4930) 71.3±10.3 83.9±4.8
Gorak Shep (5170 m), 
after Base camp (5335m) 80.3±12.2 79.6±5.7

Pheriche (4280m) 72.5±12.1 85.5±5.4
Namche Bazaar (3440m) 70.2±11.3 91.6±1.6
Lukla (2840). 75.7±12.0 92.9±2.1
Chutanga (3020m) 75.6±10.0 91.5±3.2
Thuli Kharka (4300m) 75.2±10.5 90.0±2.8
Khote (3660 m) 75.3±10.4 92.5±1.9
Thangnag (4356m) 79.2±12.5 89.4±3.6
Khare (5045m) 72.1±9.1 84.9±3.9
High Camp (5780m) 95.5±12.9 74.6±6.6
Khare (5045m), after Mera 
Peak (6464m) 95.3±10.7 81.2±5.3

Khote (3660m) 82.3±9.8 90.6±2.9
Thuli Kharka (4300m) 77.4±10.0 88.3±3.9
Lukla (2840m), over Zatrwa La 
(4610m) 71.9±12.1 93.5±2.7

Lukla (2840m) 66.3±10.0 94.3±1.9
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Figure 1. Altitudes reached during the trek and mean peripheral capillary oxygen 

saturation (SpO2).

Figure 1. Altitudes reached during the trek and mean 
peripheral capillary oxygen saturation (SpO2).

Table 2. The results of the Student t-test for dependent samples 
(before-to-after differences in sex hormones)

Mean±SD t p

SHBG – before (nmol·L-1) 42.6±10.6

SHBG – after (nmol·L-1) 50.7±12.0 -2.9 .011

Total testosterone – 
before (ng•mL-1) 4.2±1.3

Total testosterone – 
after (ng•mL-1) 4.5±0.7 -0.9 .401

DHEA-S – before 
(µmol•L-1) 5.0±3.0

DHEA-S – after (µmol•L-1) 5.7±3.0 -1.2 .236

Free testosterone – 
before (%) 1.8±0.3

Free testosterone – 
after (%) 1.6±0.3 3.5 .003
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For not-normally distributed parameters, pitu-
itary hormones LH and FSH, the changes were 
determined by C (Table 3).

The relative changes in LH, FSH and SHBG 
(percentage of change) were also tested in rela-
tion to mean peripheral capillary oxygen satura-
tion using nonparametric Spearman rank correla-
tion, but no signifi cant correlations were found for 
either LH (r=0.321) or FSH (r=-0.329). 

The ratios free testosterone/DHEA-S and total 
testosterone/DHEA-S were calculated for the initial 
and fi nal testing and the change in ratios was tested 
by the Wilcoxon matched pairs test. There was no 
change in the total testosterone/DHEA-S ratio after 
the expedition, but a signifi cant decrease in the free 
testosterone/DHEA-S ratio was observed (median 
before= 0.37 vs. median after= 0.30; t=3.0, z=3.4; 
p<.001).

As the subjects had executed the all-out Bruce 
treadmill test protocol before the expedition, the 
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Figure 2. Individual changes in SHBG.Figure 2. Individual changes in SHBG.
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Figure 3. Individual changes in free testosterone.

Figure 3. Individual changes in free testosterone.

Table 3. Changes in LH and FSH concentrations before and after the expedition (data are presented as Median and 1st to 3rd 
quartile range (IQR)

Before
median/IQR

After
median/IQR t z p

FSH (IU·L-1) 3.9/ 3.1-5.4 4.6/ 4.0-7.1 0.00 3.40 .001

LH (IU·L-1) 4.8/ 3.1-5.2 5.9/ 4.9-9.3 0.00 2.66 .008

27 
 

Figure 4. The line plot represents peripheral capillary oxygen saturation during the 

trip (SpO2) and the relative change in SHBG for 17 participants. 

Figure 4. The line plot represents peripheral capillary oxygen 
saturation during the trip (SpO2) and the relative change in 
SHBG for 17 participants. 
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Figure 5. Correlation between the maximal intensity in MET achieved at Bruce 

treadmill protocol and the peripheral capillary oxygen saturation (SpO2) during the 

trek.

Figure 5. Correlation between the maximal intensity in MET 
achieved by Bruce treadmill protocol and the peripheral 
capillary oxygen saturation (SpO2) during the trek.

intensity achieved at maximal exertion (expressed 
in MET) was correlated with peripheral capillary 
oxygen saturation. The correlation was signifi cant, 
which suggested that higher peripheral capillary 
oxygen saturations, expressed as mean values for 
each participant during the trek, were seen in the 
participants achieving higher intensities on the 
exertion test (Pearson r=0.713 at p<.05; Figure 5).

General health and drug usage
Even though most subjects expectedly reported 

feelings of strong exhaustion at higher altitudes, 
the overall occurrence of health-related symptoms 
and drug usage was relatively low. Seven out of 
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the group. Another less noticeable exception was 
also one participant who had a decrease in SHBG, 
whereas all the others had increases in SHBG and 
decreases in free testosterone. 

The correlation between the relative changes 
(the percentage of change) in SHBG and free testos-
terone with mean SpO2 during the trek was signifi-
cant. That might imply hypoxia-related causes of 
those changes, but the blood samples in this study 
were not taken during the trek and at the same 
time as SpO2. That is why the hypoxia could not be 
named with certainty as the cause of these changes, 
although the testosterone was previously found to 
be affected by hypoxia and had its receptors in 
respiratory centers (Behan & Kinkead, 2001). 

An increase in DHEA-S was not significant; 
in some participants it increased two or even three 
times, but in some it decreased or stayed similar. 
There are indications that the increase in DHEA-S 
might depend on its sea level values, meaning that 
the higher increase should be expected in those with 
lower see level concentrations of DHEA-S (Lee, et 
al., 2006), but this was not the case in this study. 
Still, the ratio between free testosterone/DHEA-S 
significantly decreased, which was mostly due to 
the free testosterone decrease. The similar finding 
was previously reported (Gonzales, et al., 2011) 
and the observed decrease in the free testosterone/
DHEA-S ratio was explained as a part of adapta-
tion process to hypoxia, with beneficial effects on 
prevention of mountain sickness, since DHEA-S 
is an important source of testosterone through the 
activity of 17beta-hydroxysteroid dehydrogenase. 

A slow conversion to testosterone might have 
a role in mountain sickness prevention (Gonzales, 
Tapia, Gasco, & Gonzales-Castaneda, 2012) and 
it was reported that in case of a poor acclimatiza-
tion to high altitude, the conversion of DHEA-S 
to testosterone was increased, leading to exces-
sive erythrocytosis (Gonzales, 2013). The testos-
terone alone seems to impact growth factor and act 
directly on bone marrow, which leads to accelerated 
erythropoiesis (Zitzmann, 2018), while in synergy 
with erythropoietin it might increase hemoglobin 
by improving iron bioavailability (Bachman, et 
al., 2014). The physiological role of the decreased 
ratio of free testosterone/DHEA-S in acute moun-
tain sickness is still unclear. 

Gonadal hormones are key factors in repro-
ductive capacity, but also in the neural control 
of respiration. In women, administrated testos-
terone increased ventilatory sensitivity and altered 
apneic threshold (Ahuja, Mateika, Diamond, & 
Badr, 2007; Zhou, Rowley, Demirovic, Diamond, 
& Badr, 2003), which indicated that lower testos-
terone might be beneficial in preventing hyper-
ventilation. There are indications that inhibition 
of testosterone might lead to the increased CO2 
reserve and better breathing stability when at sea 

17 participants did not report any health-related 
problems when asked about headache, vertigo, 
dizziness, appetite, severe respiratory symptoms, 
and insomnia. Of the remaining 10 participants, 
seven reported occasional mild headaches and two 
moderate-to-severe headache. More than half of 
the participants reported occasional insomnia and 
there was only one case of diarrhea. Most of the 
health-related problems were reported during the 
first part of the journey. Symptoms started from 
day 5 to day 12 (at altitudes from 3440 m to 5360 
m and back to 3440 m). During the second part of 
the trek (day 13 to day 26 from 3440 m to 6476 m 
and back to 1440 m), there were even less adverse 
events, that is only five reported headaches. Most 
of those occurred at High Camp (5780 m) and after 
climbing to Mera Peak (6476 m). Also, one person 
coughed and five had sore throat, both symptoms 
seemingly unrelated to mountain sickness but rather 
to acute respiratory infection. 

No one used acetazolamide, but they consumed 
24 tablets of Caffetin (which is over-the-counter 
combination of paracetamol 250 mg, propyphen-
azone 210 mg, caffeine 50 mg and codeine phos-
phate 10mg), five capsules of ibuprofen 400 mg, five 
tablets of Aspirin plus C and 20 sore throat lozenges 
altogether during the journey. 

Power analysis
The achieved power for the main finding, SHBG 

increase was Power=0.87 with a medium-to-high 
effect size d=0.70 and α error probability of 0.05.

Discussion and conclusion
The aim of the study was to detect changes in 

sex hormones in non-athletic male participants after 
the Himalayan trek. The main observed finding 
that persisted after the trek was the increase in 
SHBG, which might be explained by the demands 
of physical activity that participants were exposed 
to. A recently published study suggests that higher 
SHBG might be associated with lower hematocrit 
and symptoms of hypogonadism, irrespective of 
testosterone level, and implies the importance of 
not only testosterone production but its biological 
activity (Behan & Kinkead, 2001). In our study 
we did not find any changes in total testosterone 
level after the trek. On the other hand, the calcu-
lated free testosterone, most probably based on the 
changes in SHBG, appeared to have been reduced 
after the expedition. The decrease in free testos-
terone is consistent with previous findings (Wang, 
et al., 2001). Only one subject had a very different 
response: the opposite direction of changes of both 
SHBG and free testosterone than others. In his 
case the increase in free testosterone and decrease 
of SHBG occurred for unknown reasons. He was 
not much different from others in any known way; 
his fitness level was good, although not the best in 



Kinesiology 50(2018)2:xxx-xxxRužić, L. et al.: MALE SEX HORMONES RESPONSE AFTER A MONTH-LONG...

6

level. It might only be speculated that lower testos-
terone might also reduce hyperventilation at altitude 
possibly affecting the extent of acute mountain sick-
ness symptoms provoked by alkalosis (Chowdhuri, 
Bascom, Mohan, Diamond, & Badr, 2013). 

Both regulatory pituitary hormones, LH and 
FSH, increased significantly in this study. A similar 
increase in LH after altitudes hike was observed in 
a Kilimanjaro expedition (Verratti, et al., 2016) as 
the reported LH levels after the trek significantly 
increased, but in that study, there was no significant 
change in FSH and total testosterone. Also, in case 
of low testosterone, LH levels might increase via a 
negative feedback loop (Veldhuis, Bae, Swerdloff, 
Iranmanesh, & Wang, 2005), whereas an increase in 
FSH was related to endurance training (Vasankari, 
Kujala, Heinonen, & Huhtaniemi, 1993). Currently, 
there is still no consensus on how physical activity 
might alter hypotalamo-pituitary-testicular axis. 
Some data suggest that endurance training might 
affect testosterone levels, usually in a negative 
way (decrease) and at the same time FSH levels 
are higher and mentioned changes imply compensa-
tory hypogonadism as a result (Vaamonde, Garcia-
Manso, & Hackney, 2017). According to research, 
heavy training lasting for several weeks leads to a 
decrease in the free testosterone/cortisol and free 
testosterone/SHBG ratio (Urhausen, Kullmer, & 
Kindermann, 1987; Vervoorn, et al., 1991). 

A very interesting finding was that the mean 
peripheral capillary oxygen saturation observed 
during the trek strongly correlated with the intensity 
level (expressed in MET) that participants achieved 
on a treadmill ergometry during the initial physical 
exam. No similar findings were reported before; 
usually, physical fitness was investigated in rela-
tion to mountain sickness symptoms (Milledge, et 
al., 1991).

The overall usage of drugs was not high. No 
subjects used acetazolamide to prevent or reduce 
symptoms of mountain sickness. Literature showed 
no evidence that the drugs that were used might 
influence the results. The consumed drugs were not 
found to be listed as potential interfering substances 
with laboratory methods used in the detection of 
either gonadotrophins, testosterone, DHEA-S, or 
SHBG. In literature, only one study in humans 
shows possible influence of ibuprofen on testos-
terone, but in that study 1200 mg were taken daily 
for six weeks, while our subjects used altogether 
2000 mg (five capsules used by three participants) 
during the whole study. To the best of our knowl-
edge the used drugs, especially if taken sporadi-
cally like in this study, should not interfere with the 
hypothalamic-pituitary-gonadal axis (Kristensen, 
et al., 2018).

The limitation of the study was a lack of possi-
bility to take blood sample every day during the 
trek, but this is a problem encountered in similar 
studies executed under specific conditions. The 

hormone data and saturation data were not taken 
at the same time points, so the hormone changes and 
relations to hemoglobin oxygen saturation should, 
for now, be cautiously interpreted. The study design 
including the trek and exposure to high altitude for 
almost a month had a limitation due to the number 
of subjects who could be involved. The obtained 
power (0.87) for the selected sample ensures the 
probability to detect standardized effect size of 0.7 
for SHBG and the mean observed relative increase 
in SHBG was 20%. In addition, free testosterone 
decreased for 12%. No month-to-month varia-
tions in free testosterone were found previously 
(Tancredi, Reginster, Luyckx, & Legros, 2005), 
so this change might be considered as a result of 
SHBG change caused by the trek. Still, it was stated 
previously that SHBG might be linked to androgen 
deficiency features independently of total testos-
terone (Rastrelli, Corona, Cipriani, Mannucci, & 
Maggi, 2018).

Another limitation of the study is the problem of 
separating the altitude and exercise effects. Several 
recent studies on exercise and male sex hormones 
reported a decrease of SHBG and increase of testos-
terone or free testosterone (Grandys, et al., 2009; 
Hayes, Herbert, Sculthorpe, & Grace, 2017; Lovell, 
Cuneo, Wallace, McLellan, 2012; Sellami, et al., 
2018), which is the opposite direction of changes 
than the observed in our study, or no changes at all 
(Simao, et al., 2013). According to the self-perceived 
exertion of the participants, the exercise intensity 
was not very high on most of the days. Considering 
that, it seems that the altitude stay might have had 
an independent influence which was stronger than 
the exercise (hike) effect.

The SHBG increase was observed as well as 
an increase in LH and FSH. The mechanism of the 
noticed changes is speculative, and further mecha-
nistic studies are needed. The decrease in the free 
testosterone/DHEA-S ratio might be indicative of 
high physiological demands of the trek and might be 
due to slower conversion of DHEA-S to testosterone 
and not only altitude-related. The evidence exists 
that exposure to endurance exercise training might 
alter reproductive hormonal profile, mainly low 
resting testosterone levels in some men (Hackney 
& Aggon, 2013), the condition named as “exer-
cise induced hypogonadism” (Hackney, Moore, & 
Brownlee, 2005).

There is a lack of clear knowledge about the 
health-related consequences after a recent hypoxia 
exposure in men, but it seems that different inherent 
parameters of physical activity (training volume, 
intensity, frequency and environment) are of para-
mount importance. Altitude training is an environ-
ment in which different adoptive endocrinological 
processes might have a health-related role. The 
decrease in free testosterone might be related to 
depression, lack of energy, infertility and erectile 
dysfunction, but the extent of the decrease found 
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in this study might not be large enough or lasting 
long enough to cause any impact on those symp-
toms. The high-altitude trek might also have posi-
tive effects on health. Higher levels of SHGB and 
lower levels of testosterone were shown to be related 
to lower risk of diabetes and metabolic syndrome 
(Li, Ford, Li, Giles, & Liu S, 2010), but the dura-

tion of the SHBG change found in this study is 
unknown. The future studies are needed in order 
to investigate the duration of the observed changes 
and their positive and negative health implications, 
as the number of trekkers undertaking trips at very 
high altitudes to the Himalayas, Andes or Mount 
Kilimanjaro is increasing. 
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