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Abstract: Objective: To investigate changes in semen quality of Chinese military servicemen at different altitudes.
Study design: Randomized controlled study. Military servicemen aged between 18 and 25 years who had resided
in a region for 2 to 3 years were recruited between 2008 and 2012. Main parameters included semen routine;
semen volume (mL), sperm density (10 million/mL) and total sperm count (10 million); sperm vitality: grade A (%),
grade A+B (%) and grade A+B+C (%). Results: The Ganbala group had the lowest semen volume (2.72 mL), which
was significantly lower than that of the other 3 groups. The sperm density in the Ganbala group (33.89x108/mL)
was markedly lower than that of the other three groups. The total sperm count was the lowest in the Golmud group
(80.61x10°). The percentage of grade A sperms in the Lhasa group (12.04%) and the Ganbala group (12.31%) was
significantly lower than that of the Golmud group (18.63%) and Chengdu group (18.73%). The percentage of grade
A+B sperms in the Lhasa group (24.50%) and the Ganbala group (24.93%) was significantly lower than that of the
Golmud group (29.35%) and Chengdu group (30.54%). Conclusion High altitude (> 3650 m) has marked impact on

semen quality.
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Introduction

Semen quality, as a clinical indicator of male
reproductive health, is extensively used for the
diagnosis and prognosis of reproductive disor-
ders in males [1-3]. Multiple factors are known
to impact on semen quality including tempera-
ture, climate, seasons, ethnicity and lifestyles
[4-7], but great controversy still remains regard-
ing the exact role of these factors in determin-
ing semen quality [8, 9]. Altitude is also known
to impact on semen quality and altitudinal vari-
ations may contribute to differences in results
on semen quality. An analysis of 58 papers
published between 1955 and 2003 suggests
that semen quality varies with altitudes, but the
results are conflicting [10-14], which are likely
due to differences in sampling method, differ-
ences in ethnicity and environmental differenc-
es. Therefore, it is necessary to define the
impact of altitude on semen quality.

China is a vast country with significant varia-
tions in altitude, which provides a unique envi-
ronment for investigating effects of different

altitudes on semen quality. Our previous study
demonstrated apparent effect of altitude on
semen quality. Another study on the semen
quality of military servicemen from six different
regions of China showed that seasonal and alti-
tudinal variations impacted on seamen quality
while age, length of residence in a region and
place of birth [15].

In the current study, we would like to under-
stand more about the association of altitude
variation and the quality of semen. The semen
quality in different altitudes regarding semen
volume, concentration, total count and mortali-
ty were examined. A large sample size of sea-
men was collected from 1053 Chinese military
servicemen who have resided in one of the four
regions of different altitudes in China for 2 to 3
years between 2008 and 2012.

Materials and methods
Experimental design

We recruited military servicemen from four
regions of different altitudes in China: Ganbala
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(altitude: 5347 m), Lhasa (altitude: 3650 m),
Golmud (altitude: 2800 m) and Chengdu (alti-
tude: 700 m) between 2008 and 2012. Ques-
tionnaire management, physical examination
and collection and analysis of semen speci-
mens were performed by two groups of investi-
gators at General Air Force Hospital, Beijing,
China. The study protocol was approved by the
local ethic committees at General Air Force
Hospital and the 4 regions. All study partici-
pants provided written informed consent.

Study subjects

Totally 1200 military servicemen were screened
and 147 (12.3%) military servicemen were
excluded. Among them, 109 (9.1%) were exclud-
ed due to disease of the reproductive system,
and 39 (3.2%) due to abstinence < 2 days or >
7 days. All subjects were Han Chinese and
came from 21 provinces, with 532 from the
South and 521 from the North. All subjects had
resided in their current region for 2 to 3 years.

General survey

Data on age, date of birth, habits, length of mili-
tary service, job, sex history, reproduction his-
tory, drug and alcohol use, a drug history of cur-
rent and previous illness were recorded as
analytical references.

Physical examination

All subjects received physical examination
including genital examination by experienced
urologists. llinesses were ruled out by the phys-
ical examination criteria for new military ser-
vicemen. For this particular study, physical
examination for secondary sexual traits was
performed. Varices, hydrocele, orchiepididymi-
tis and other diseases of the reproductive and
urinary system were excluded.

Semen analysis

Semen specimens were analyzed according to
the 1999 WHO recommendations. Semen qual-
ity analysis was carried out after liquidation for
1 h after collection.

Statistical analyses

Continuous data are summarized as mean *
standard deviation (SD), while categorical data
are summarized as numbers and percentages.
Demographic characteristics were compared
among four groups by one-way analysis of vari-
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ance (ANOVA), and by Chi-square test for cate-
gorical data, as appropriate.

Nevertheless, as semen parameters follow
markedly skewed (non-normal) distributions,
unadjusted mean and median values, standard
deviation (SD), and interquartile range (IQR,
25™" to 75" percentiles) as well were calculated
for each variable. A nonparametric Kruskal-
Wallis test was used to compare between-
group medians of semen parameters. The rela-
tionships between the semen parameters and
the altitudes of region were further investigated
by nonparametric Spearman’s rank correlation
coefficients. Moreover, percentages coincident
with WHO recommendations 1999 were also
calculated and stratified according to military
service location. A Cochran-Armitage test for
trend was applied to investigate whether nor-
mal semen percentages increased across
regions with lowered altitudes. All statistical
analyses were performed using SAS software
version 9.2 (SAS Institute Inc., Cary, NC). A two-
tailed P < 0.05 was taken to indicate statistical
significance.

Results
Baseline characteristics of study population

The baseline characteristics of 998 men are
summarized in Table 1. A total of 185 partici-
pants were recruited from Ganbala (altitude:
5347 m), 282 from Lhasa (altitude: 3650 m),
261 from Golmud (altitude: 2800 m), and 270
from Chengdu (altitude: 700 m), respectively.
Over 40% of participants aged 24 years or
more (mean: 22.5 years, range: 18 to 26 years).
All participants had at least two years in mili-
tary service (mean: 2.48 years). The mean ejac-
ulation abstinence time was 4.7 days (range: 3
to 7 days), and average time to start of semen
analysis was 33 minutes (range: 20 to 100 min-
utes). The baseline characteristics with regard
to age, time in military service, birth place, mar-
riage status, whether having children, smoking
and alcohol consumption, ejaculation absti-
nence time as well as time to start of semen
analysis did not differed significantly among
participants from 4 different regions (all P >
0.05; Table 1).

Characteristics of semen parameters

The semen characteristics of the 998 men are
listed in Table 2. The significant differences in
median values were found for all semen param-
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Table 1. Characteristics of the study population, according to 4 representative regions of different

altitudes (N = 998)

Ganbala

Lhasa

Golmud

Chengdu

Characteristics (5347 m) (3650 m) (2800 m) (700 m) P-value
Number of participants 185 282 261 270
Mean age (year)* 225+24 226+24 225+25 223+26 0444
Age (year)?
18-20 52 (28.1) 66 (23.4) 75 (28.7) 92 (34.1) 0.142
21-23 54 (29.2) 90 (31.9) 70 (26.8) 63 (23.3)
24+ 79 (42.7) 126 (44.7) 116 (44.4) 115(42.6)
Mean time in military service (year)* 249+050 247+050 248+0.50 2.48+0.50 0.989
Time in military service (year)?
2 95 (51.4) 149 (52.8) 137 (52.5) 140(51.9) 0.980
3 90 (48.7) 133 (47.2) 124 (47.5) 130 (48.2)
Birth place?
North China 101 (54.6) 152 (53.9) 141(54.0) 143(53.0) 0.988
South China 84 (45.4) 130 (46.1) 120 (46.0) 127 (47.0)
Marriage status?
Single 83 (44.9) 130 (46.1) 120(46.0) 125(46.3) 0.992
Married 102 (55.1) 152 (53.9) 141 (54.0) 145 (53.7)
Having Children?
No 84 (45.4) 130 (46.1) 120 (46.0) 125(46.3) 0.998
Yes 101 (54.6) 152 (53.9) 141 (54.0) 145 (53.7)
Smoking and alcohol consumption?
No 84 (45.4) 130 (46.1) 121 (46.4) 124 (45.9) 0.998
Yes 101 (54.6) 152(53.9) 140(53.6) 146 (54.1)
Mean ejaculation abstinence time (day)* 48+ 1.0 4.7+1.1 46+0.9 4.8 +£0.9 0.315
Mean time to start of semen analysis (min)* 33.6+9.3 324+109 331%77 33.2+78 0.551

1Continuous data are presented as mean * standard deviation (SD) and compared among 4 groups by ANOVA; 2Categorical

data are expressed as numbers (%) and compared among 4 groups by Chi-square test.

eters among participants from 4 different
regions (Kruskcal-Wallits test, all P < 0.05;
Table 2). The participants based in Ganbala
had the lowest median semen volume (2.5 mL),
while those based in Chengdu had the highest
(4.0 mL). The participants based in Golmud had
the lowest median sperm concentration
(72x108/mL), while those based in Lhasa had
the highest (110x10%/mL). Regarding total
sperm count, those based in Golmud had the
highest median value (37.7x10°8) while those
based in Ganbala had the lowest (26.1x1068).
The highest median value of sperm rapid pro-
gressive motility was found in those based in
Golmud (14.3%) and the lowest found in those
based in Lhasa (7.9%). Regarding sperm pro-
gressive motility and total mobility as well, the
median values were 20.6% and 29.3% for those
based in Ganbala, 20.8% and 33.9% for those
based in Lhasa, 27.6% and 38.6% for those
based in Golmud, and 27.8% and 41.7% for
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those based in Chengdu, respectively, which
showing an inverse relationship between sperm
motility and altitude (Spearman’s rank correla-
tion coefficients: -0.193 and -0.151 for sperm
progressive motility and total mobility, respec-
tively, both P < 0.001).

Normal percentage of semen parameters ac-
cording to 1999 WHO standards

The normal percentages of semen parameters
defined by the WHO recommendations (1999)
are listed in Table 3, stratified by 4 representa-
tive regions of different altitudes. With regard
to semen volume, sperm concentration as well
as total sperm count, the normal percentages
based on 1999 WHO standards did not show a
significant increasing trend across regions with
sequentially lowered altitudes (Ganbala: 5347
m, Lhasa: 3650 m, Golmud: 2800 m, Chengdu:
700 m). Nevertheless, the normal percentages
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Table 2. Characteristics of semen parameters of study participant, according to 4 representative

regions of different altitudes (N = 998)

Ganbala

Lhasa Golmud Chengdu

Characteristics of semen parameters (5347 m) (3650 m) (2800 m) (700 m) P-valuet
Semen volume (mL)

Mean + SD 28+1.0 3.0+0.8 3.0+09 3.2+10

Median (IQR) 2.5 (2.0, 4.0) 3.0 (2.5, 4.0) 3.0 (2.0, 4.0) 4.0(3.0, 4.0) < 0.001%**
Sperm concentration (x108/mL)

Mean + SD 118.0 £ 97.8 157.3 + 139.2 80.6 £ 67.7 95.5 + 63.3

Median (IQR) 94.0 (53.0,156.0) 110.0 (63.0,212.0) 72.0(29.0, 118.0) 83.0(51.0, 121.0) < 0.001***
Total sperm count (x10°)

Mean + SD 33.3+26.4 38.8+29.6 40.6 £ 30.0 35.3+27.2

Median (IQR) 26.1(14.9,43.7) 26.5(18.3, 49.0) 37.7 (15.9, 56.0) 31.2 (19.0, 49.6) 0.046*
Sperm rapid progressive motility (A%)

Mean + SD 12.2+ 115 12.0 + 10.5 18.6 + 12.7 18.7 + 14.0

Median (IQR) 8.3(4.8,16.7) 7.9(3.8,19.3) 14.3 (8.3,30.2) 12.9 (6.3,31.8) < 0.001***
Sperm progressive motility [(A+B)%]

Mean + SD 24.3+16.3 24.5+15.8 29.3+14.3 30.5 + 15.7

Median (IQR) 20.6 (12.6,34.2)  20.8(11.8,37.3)  27.6(17.8,41.9) 27.8(16.8,44.1) < 0.001***
Total motility [(A+B+C)%]

Mean + SD 34.3+204 354 +221 39.5+184 39.9+159

Median (IQR) 20.3(18.6,45.2)  33.9(16.7,51.0) 38.6(26.4,51.2) 41.7(27.9,51.6) < 0.001%%**

1The P-values were derived by non-parametric Kruskal-Wallis test to compare intergroup median values. Statistically significant: *P < 0.05, **P < 0.01, ***P < 0.001.

according to 1999 WHO standards for those
based in Ganbala, Lhasa, Golmud, and Chengdu
were 11.9%, 14.9%, 28.0%, and 38.5% with
regard to sperm rapid progressive motility
(P-value for trend < 0.001), and 7.0%, 6.4%,
10.3%, and 14.1% with regard to sperm pro-
gressive motility (P-value for trend = 0.002),
both indicating the qualified sperm rapid pro-
gressive/progressive motility might be lowered
as the altitudes elevated.

Discussion

Altitudinal variations may contribute to differ-
ences in semen quality, but the results so far
are conflicting [11-14]. This is possibly due to
the presence of compounding factors and dif-
ferences in analytical methods.

In the current study, we exclusively focused on
the effect of altitudinal variations by investigat-
ing young military service men from 4 regions
of different altitudes in China. These subjects
from different regions were comparable in
demographic characteristics. The altitude stud-
ied ranges from 700 m to 5347 m. The current
study excluded other possible determinants of
semen quality and only studied the effect of
altitude on semen quality and found that alti-
tude impacted on semen. Noticeable effect on
semen was observed at altitude above 3650 m
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and no apparent effect was observed at alti-
tude below 2800 m. We found that the semen
volume and sperm density in the Ganbala group
(altitude: 5347 m) were marked lower than
other three groups (P < 0.01). The total sperm
count in the Ganbala group and Lhasa group
(altitude: 3650 m) was markedly higher than
that of Golmud group (altitude: 2800 m) and
Chengdu group (altitude: 800 m) (P < 0.01). The
percentage of grade A sperms, grade A+B
sperms, or grade A+B+C sperms in the Lhasa
group and the Ganbala group was also signifi-
cantly lower than that of the Golmud group and
the Chengdu group. The semen quality was
lower than that reported by other studies in
China [8, 16]. One difference is that the study
participants in the current study were younger
in age and had worked for some time in high
altitude.

The current results were compared to the 1999
Semen Quality Guideline, the semen volume,
sperm density and total sperm count was
86.69%, 66.19%, and 79.13%, respectively.
The rate of normal grade A sperms in the
Ganbala group (22.87%) and the Lhasa group
(24.89%) was markedly lower than that of the
Golmud group (35.97%) and the Chengdu group
(38.52%). The rate of normal grade A+B sperms
in the Ganbala group (21.78%) and the Lhasa
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Table 3. Normal percentage of semen parameters (1999 WHO standards), according to 4 representa-
tive regions of different altitudes (N = 998)

1999 WHO Semen standards G3aTm)  @Eom)  (osoom)  (oom)  Temt

Semen volume (mL)
Abnormal (< 2 mL)* 21 (11.4) 24 (8.5) 24 (9.2) 30 (11.2) 0.852
Normal (=2 mL) 164 (88.7) 258 (91.5) 237 (90.8) 240 (88.9)

Sperm concentration (x10%/mL)
Abnormal (< 20x10%/mL)" 65 (35.1) 90 (31.9) 84 (32.2) 72 (26.7) 0.065
Normal (> 20x108/mL) 120 (64.9) 192(68.1) 177 (67.8) 198(73.3)

Total sperm count (x106)
Abnormal (< 40x108)* 26 (14.1) 30 (10.6) 91 (34.9) 35(13.0) 0.083
Normal (> 40x%10°) 159 (86.0) 252(89.4) 170(65.1) 235 (87.0)

Sperm rapid progressive motility (A%)
Abnormal (< 25%)* 163 (88.1) 240(85.1) 188(72.0) 166 (61.5) <0.001***
Normal (> 25%) 22 (11.9) 42 (14.9) 73(28.0) 104 (38.5)

Sperm progressive motility [(A+B)%]
Abnormal (< 50%)* 172 (93.0) 264 (93.6) 234 (89.7) 232(85.9) 0.002**
Normal (> 50%) 13 (7.0) 18 (6.4) 27 (10.3) 38 (14.1)

TAbnormal values of semen parameters were defined by the WHO recommendations (1999). The 1999 WHO standards:
semen volume < 2 mL, sperm concentration < 20x10%/mL, sperm total count < 40x10°, sperm rapid progressive motility <
25% and sperm progressive motility < 50%. £The P-values were determined by Cochran-Armitage test for trend to investigate
whether normal semen percentages increased across regions with decreasing altitudes. Statistically significant: *P < 0.05,

**pP <0.01, ***P < 0.001.

group (25.16%) was significantly lower than
that of the Golmud group (40.23%) and
Chengdu group (42.40%).

It was obviously that sperm quality is influenced
by multiple factors and semen quality will
change when the body is subject to influences
by the external environment [17]. For example,
high altitude is marked by low temperature, a
hypoxic environment, a low atmosphere, and
high solar irradiation. Previous studies report-
ed that the rarefied environment at high alti-
tude lowers testosterone levels [13-15, 18,
19]. Possible mechanisms include (1) hypoxia
suppresses the function of male sexual glands
by directly influencing sperm quality and caus-
ing elevations of sex hormone binding proteins,
which indirectly reduce free testosterone; (2)
hypoxia causes damages to the cortex of the
adrenal gland and interstitial cells in the tes-
tes, directly reducing the secretion of testoster-
one. Meanwhile, the substrate for synthesis of
estradiol is reduced, indirectly reducing the
amount of estradiol. In addition, low estradiol
levels could lower airway responsiveness,
increase the tidal volume and impact on oxy-
gen exchange, thus aggravating hypoxia. The
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body mounts a stress response to the hypoxic
environment. Microvessels and tissues under
stress show changes in physiology and mor-
phology, thereby indirectly influencing the endo-
crine function, causing changes in sperm qual-
ity. Severe hypoxia reduces the secretion of
gonadotropin-releasing hormone (GRH) from
the hypothalamus. The hypothalamus-pituitary
gland-sex gland axis is the key to the initiation
of reproduction. Reduced secretion of GRH in
males directly lowers semen quality [20].

The current study excluded age, time residing in
high altitude, time for sexual abstinence and
season as confounding factors for semen qual-
ity. By focusing on an exclusive group of popula-
tion (military servicemen), we found that except
the semen volume, all other parameters were
lower than those reported for other large sam-
ple studies in other countries on semen quality
of normal males, especially in the Ganbala
group and Lhasa group [7, 11, 13, 17, 18]. We
also noticed the total sperm count at altitude
above 3650 m was higher than that of the
Golmud and Chengdu group, while vitality and
viability rate was lower at high altitude. We
speculate that the increased sperm count in

IntJ Clin Exp Med 2016;9(3):6783-6788
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high altitude may be due to adaptive or com-
pensatory response of the host in response to
the rarified environment in high altitude.
Therefore, further studies are required to eluci-
date the mechanism underlying changes in
semen quality at high altitude. In conclusion,
high altitude (> 3650 m) has marked impact on
semen quality.
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