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Abstract
Background and Objective: Male fertility depends on the availability of the potent androgen called testosterone. Testosterone production
is regulated by the hypothalamic anterior pituitary axis. Two anterior pituitary hormones Follicle Stimulating Hormone (FSH) and
Luteinizing Hormone (LH) are involved in spermatogenesis and testosterone production, respectively. Hypoxia, resulting from high
altitude, may induce a change in these four hormones and may affect male fertility. This study was done to evaluate and compare the
changes that occur in FSH, LH, testosterone and prolactin in males lived in moderate versus low altitude. Materials and Methods: This
study was conducted on 300 individuals who were categorized based on the altitude of their habitat into two equal groups, namely:
Inhabitants at moderate altitudes and inhabitants at low altitudes. A venous blood sample was collected from each individual to measure
the levels of FSH, LH and prolactin. Results: Both LH and testosterone levels were significantly lower in high altitude inhabitants compared
with low altitude inhabitants (p<0.01). The FSH level showed a significant statistical difference between two groups with a lower level
in individuals living at high altitudes compared with low altitude inhabitants but on a value (p<0.05). Conclusion: Moderate altitude
hypoxia suppresses LH, FSH and testosterone levels as much as high altitude hypoxia does and these changes may depend on prolactin
level.
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INTRODUCTION

Testosterone is a predominant type of androgen
responsible  for  the  development  of  sexual  characteristics.
It  is  produced  by  Leydig  cells  in  male  testes.  In  addition
to male sexual   characteristics,  testosterone is also
responsible for   spermatogenesis1.   Testosterone  production
is  under the  hypothalamic-anterior  pituitary  axis  control.
Gonadotropin-Releasing   Hormone   (GnRH)   produced   by
the hypothalamus stimulates  the  anterior  pituitary  to
secrete Follicle Stimulating Hormone (FSH) and Luteinizing
Hormone (LH). Testosterone production occurs under the
influence of LH secreted by anterior pituitary2. In addition to
testosterone, FSH is responsible for spermatogenesis in males.
Prolactin is another anterior pituitary hormone responsible for
mammillary gland maturation and lactation in female3.
Prolactin is a major cause of infertility in both males and
females4-6. Several studies were carried out to evaluate the
effect of high-altitude hypoxia on male sex hormones levels.
These studies showed a variance in male sex hormones levels
between males living at high altitude and others living at low
altitude areas7-9. A previous study conducted on the Indian
population showed that prolactin and testosterone levels
differed according to the level of altitude and ethnicity10.
Another  study  showed  that  elevated  prolactin  levels at
high  altitudes  are  the  cause  of  depression   of   FSH,   LH
and   testosterone11.   Recently,   newcomers   exposed  to
high-altitude-hypoxia had a decrease in their  fertility12. Taif
city in Saudi Arabia is classified  as  a  moderate-altitude area
as it is located at an elevation of 1,879 m on the slopes of
Sarawat Mountains13. This study aimed to determine whether
moderate altitude hypoxia has the same effect as high altitude
hypoxia on FSH, LH, testosterone and prolactin hormone
levels.

MATERIALS AND METHODS

Study area: The study was carried out at the Faculty of
Applied Medical Sciences Research lab, Taif University from
January-September,    2019.    It    consisted    of    300    healthy
individuals who did not suffer from any chronic diseases such
as diabetes mellitus, hypertension, chronic liver and kidney
diseases. 

Subjects: These individuals were classified into two equal
groups. The first group consisted of 150 low altitude

inhabitants who lived in Makkah city; while the other group
consisted of 150 moderate altitude inhabitants who lived in
Taif city.

Biochemical   analysis:   All   chemicals   were   purchased
from  Dade  Behring  Company  (Illinois,  United States). Total
of   5  mL  of  venous  blood  was  collected  into  the  plain
tube  under  the  standardized  condition  from each
individual,   left   for  about  3  min  for  clottings  to  occur,
then centrifuged, after that serum was collected and
incubated  at -20EC  until  analysis.  For  each  individual,
serum  prolactin,  testosterone,  LH  and FSH were estimated
by using ELISA sandwich immunoassay (BIO-RAD automated
system, country). Normally, FSH  and  LH  ranges  in adult
males are 1-14 and 1-9 mIU mLG1, respectively14. The normal
range of testosterone in adult males is 86.98-780.10 ng dLG1 15.
Finally, the range for prolactin is 1.8-17 ng mLG1 in adult
males16.

Statistical analysis: All data were presented using the
mean±standard deviation (SD). Comparisons of parameters
between all groups were evaluated by t-test using SPSS
software version 16 (SPSS Inc., Chicago, IL, USA). The level of
significance was set at p<0.05.

RESULTS

This study  was  carried  out  on  males that lived in Taif
city to evaluate  the effect of moderate altitude on the levels
of FSH, LH, testosterone  and prolactin. The results of this
study were represented by Table 1 and presented as
mean±standard deviation. Serum testosterone levels showed
a significant statistical difference between the two groups.
Subjects living at a moderate altitude area had a lower level
(471±43.863)  compared with subjects living at a low altitude
area (659±56.321) (p = 0.009). Also, FSH showed a significant
statistical difference with a lower level in subjects living at a
moderate altitude area (3.524±1.290) compared to subjects
living at a low altitude area (8.445±2.210) (p = 0.028).
Eventually, the LH level showed a significant statistical
difference between both groups (p = 0.004). A higher level
was found in subjects living at a low altitude area
(7.670±2.75), while a lower level was found in subjects living
at a moderate altitude area (4.853±1.078). Age, BMI and
prolactin levels did not show any statistical difference
between both groups. 
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Table 1: Comparison of age, BMI, serum testosterone, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH) and prolactin in low and moderate altitude groups
by using t-test

Parameters Low altitude area Moderate altitude area p-value
Age 39.000±4.00 35.000±5.00 0.186
BMI 31.220±5.222 29.760±4.027 0.071
Testosterone (ng dLG1) 659.000±56.321 471.000±43.863 0.009**
FSH (mIU mLG1) 8.445±2.210 3.524±1.290 0.028*
LH (mIU mLG1) 7.670±2.75 4.853±1.078 0.004**
Prolactin (ng mLG1) 11.840±2.666 11.020±3.206 0.118
**p<0.01, *p<0.05, BMI: Body mass index

DISCUSSION

The results of this study showed that the levels of
testosterone, FSH and LH in males that lived in moderate
altitude were lower than those levels in males that lived in low
altitude. Levels of prolactin did not change in  either one of
the two groups. Hypoxia is a condition in which there is a
deprivation of oxygen supply to  a  part  of  tissue or organ.
This condition may be associated with symptomatic or
asymptomatic disorders17. 

A recent study concluded that the critical highest altitude
level is around 2400-5000 m, while moderate altitude level
ranges from 1500-2400 m15. Saudi Arabia has many moderate
altitude areas distributed along the Sarawat Mountains. Taif
city is considered one of the moderate altitude areas present
on SarawatMountain18. People living in high-altitude areas
usually suffer from hypoxia which may be associated with
insomnia and bad mood. In addition to insomnia and bad
mood, people who lived in this area may suffer from metabolic
and  cardiorespiratory  changes19.   Metabolism  is  regulated
by a variety of hormones that are produced by different
endocrine glands18. Male fertility depends on a combination
of some factors. One of which is the hormonal level changes
which are when hormone levels fluctuate on either side of the
spectrum. Several studies were conducted to evaluate the
effect of high-altitude hypoxia on male and female sex
hormones which helped obtain equivocal results20. The
present study was conducted only on male subjects because
female FSH, LH levels were unstable during the menstrual
cycle. Earlier, a study conducted on Swiss males living at high
altitude areas showed a reduction of both FSH and LH levels
in these individuals compared with those living at low
altitude21. Moreover, a study conducted on 52 soldiers who
stayed at high altitudes for about 6 months showed that FSH,
LH and testosterone were reduced. Also, sperm count and
motility were reduced in these soldiers. It was concluded that
the reduction of testosterone level was a result of LH
suppression, while sperm count and motility reduction were
caused by the reduction of FSH22. Collectively, the researchers

have instructed that the decrease in LH, FSH and testosterone
levels was a result of suppression of the hypothalamus-
anterior pituitary axis22. This conclusion was developed in a
study conducted on acute hypoxic patients after the
administration of gonadotropin-Releasing Hormone (GnRH).
Administration of GnRH failed to induce LH, FSH and
testosterone levels23. A previous study conducted in 2010
found that a high altitude area suppresses the level of both LH
and testosterone significantly; however, it was insignificant in
FSH. The researchers conclude that prolonged exposure to
high-altitude hypoxia induces hormonal levels changes that
depend on the hypothalamic-anterior pituitary axis23. The
results of this study are in line with the mentioned study that
found a reduction in gonadotropic hormones (LH and FSH)
levels at high altitude areas. Moreover, LH suppression is more
significant than FSH suppression. Testosterone levels also
changed at high altitude areas in both LH and FSH. A previous
study showed that testosterone levels were reduced as a result
of high altitude hypoxia23. A study conducted on eight male
mountain climbers on the Himalayan Mountains revealed a
reduction of testosterone levels24. Another study was done on
52 soldiers who lived for six months at a high altitude area
resulted in suppressed levels of testosterone along with LH
and FSH. Testosterone in the present study was much lower in
males living at high altitude areas  compared  with  others
who lived at low altitude areas. This reduction was highly
significant and may be a result of LH level suppression23.
Prolactin is a peptide hormone produced by the anterior
pituitary. High prolactin level is the most common cause of
infertility in males and females3. A previous study showed a
significant elevation in prolactin levels in men exposed to
Hypoxia at high altitude (5380 m) for one year22. The result of
the  study  did  not show any significant difference in prolactin
level between males lived  at  moderate and low altitude
areas. Consequently, the critical level of effective high-altitude
hypoxia  may  be  lower  than   5000  m  as  suggested  by
Wolff   et   al.17.   Majumdar  et  al.25 concluded that a  reduction
in LH, FSH and testosterone may be caused by
hyperprolactinemia.  This   study   contradicts   the   mentioned
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study because the prolactin level is  normal  and  did  not
show any significant difference between males living at
moderate and low altitudes. A wide study on a large number
of  males  and  in  interval   altitude   areas  is  recommended
to give a critical altitude in which the  hormonal changes
occur.

CONCLUSION

This study concludes that moderate altitude hypoxia
suppresses  LH,  FSH  and  testosterone levels as much  as
high-altitude hypoxia does and these changes may depend on
prolactin level.

SIGNIFICANCE STATEMENT

This study discovers the difference in sex hormones that
can be beneficial for determining the cause of infertility in a
few cases lived in high or moderate altitude diagnosed as the
idiopathic cause. This study will help the researcher to uncover
the critical areas of infertility that many researchers were not
able to explore. Thus, a new theory on infertility may be
arrived at. 
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