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Capsule:
This is the first attempt in China to examine the determinants of semen quality by investigating
a large sample of military servicemen from different geographical areas.
were found and potential influences were putatively identified.

Lower semen parameters

Abstract
Objective:

To examine the determinants of semen quality in by investigating a large sample of

military personnel servicemen from different geographical areas of China.
Design: Cross-sectional study.
Setting:

Six representative geographical regions in China: Beihai, Lhasa, Germu, Xinzhou,

Huhehaote and Mohe.
Subjects: 1194 army military personnel aged servicemen from six geographical areas of China,
who were 18–35 years of age at the time of their inclusion in the study, sampled and serving in the
ordinary land forces from between 2007 and –2009.
Intervention(s): None.
Main Outcome Measure(s): Semen volume (in milliliters), sperm concentration (in millions per
milliliter), percentage of motile spermatozoa, total sperm count (in millions), and relative risk of
subfertility for military servicemen.
Result(s): The median valuess were 3.0 ml for semen volume, 39.4×106 per ml for sperm
concentration, 120.1×106 for total sperm count, 15.8% for sperm rapid progressive motility, 30.1%
for sperm progressive motility and 43.9% for total motility.

According to WHO recommendations

(1999), 88.3% of the servicemen had at least one semen parameter below normal threshold values
according to WHO recommendations (1999), andand according to WHO recommendations (2010),
62.5% of the servicemen according to WHO recommendations (2010)had at least one semen
parameter below the lower reference limits.

Season, average altitude and duration of

absabstinence all duration were found to be significantly associated with semen quality (Pp<0.001).
Conclusion(s): The subjects had markedly lower mean sperm concentrations, sperm counts and
sperm motility compared to the WHO recommendations.

Possible cContributory factors to their

reduced sperm quality included diet, lifestyle, climate and altitude.
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servicemen
Based on 61 reports published between 1938 and 1990, in 1992 Carlsen et al. (1) conducted a
meta-analysis which indicated a significant general decrease in mean sperm concentration from 113
million⁄ml in 1940 to 66 million⁄ml in 1990. While some subsequent studies have confirmed thise
declineing trend in sperm concentration others have failed to detect a temporal trend (2–15), with
the contradictory results variously attributed to sample selection bias, regional differences and/or
experimental error (16–19).
To our knowledge, most studies were based on subjects who were long-term or permanent
residents of a region andor were recruited from the general population (10,19).

With globalization

of the world economy, population mobility has been increasing rapidly and by 2007 it was
estimated that there were estimated to be 120 million internal migrants in China (20). Given these
numbers, reproductive function in the male Chinese migrant population has become an important
health issue. More generally, changes in patterns of migrant fertility may reveal the influence of
environmental factors and lifestyle on semen quality.
Military conscription is compulsory for males (correct??) Iin China all and for military
personnel service conscripts are posted to a location at some distancet from their home province.
Since all servicemen share similar living environments and lifestyles, according to the IUSSP
criteria of Multilingual Demographic Dictionary (21) they can be regarded as representiveng of an
example of a migrant population within China. We therefore decided to evaluate the semen
quality of a large cross-section of the military personnel serving in the People’s Liberation Army
(PLA), to determine the what percentage who had normal semen parameters according to the World
Health Organization (WHO) recommendations and to investigate the effect of selected potential risk
factors on semen quality.
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MATERIALS AND METHODS
Study Design
China has a wide variety of geographical environments, including tropical and cold zones,
upland plateaus and plains, and coastal and inland regions.

We selected six districts where

military personnel are posted serve in the PLA aand which are geographically representative of the
country’s regional characteristics, i.e. Beihai (Guangxi province, coastal tropical zone), Lhasa
(Tibet autonomous region, cold plateau), Germu (Qinghai province, cold plateau), Xinzhou (Shanxi
province, inland plains), Huhehaote (Inner Mongolia autonomous region, inland plains), and Mohe
(Helongjiang province, cold inland).

More detailed The climatic and geographical characteristics

of these districts are provided shown in Supplemental Table 1.
Sample collection occurred from September 16-23, 2009 in Beihai, September 3-12, 2007 in
Lhasa, January 7-16, 2008 in Mohe, July 18-29, 2008 in Germu, October 9-17, 2009 in Xinzhou,
October 18-27, 2009 in Huhehaote, and January 7-16, 2008 in Mohe (why not list chronologically?).
Administration of the questionnaire, physical examinations, and semen collection and analysis were
undertaken conducted at the appropriate each local military family planning institutions by the same
two staff members of of the Airforce General Hospital, PLA??, China.

Ethical approval was

provided obtained byfrom the General Airforce General Hospital Ethical Committee, Bejing, China,
which supervises all six regional centers. Approval also was obtained from the Ethics Committees
of Capital Medical University, Beijing, and the Airforce General Hospital PLA, Beijing, China??.
Each participant voluntarily signed an informed consent form after the nature of the proposed
project was explained in the local test sitesmilitary Family Planning Institutions. The participation
rates in the study were relatively high, with little variation between the different regions, i.e.
ranging from 80.4% in Beihai to 85.6% in Lhasa.
Subjects
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A total of 1438 servicemen were initially recruited and screened for entry into the study, with
244 (16.9%) excluded due to reproductive disorders (213, 14.8%) or incomplete duration of
abstinence (31, 2.1%).

All 1194 eligible volunteers who completed the study were Han Chinese

drawn from 26 different provinces of China, with 616 volunteers from northern China and 578 from
southern China.

All participants had been stationed for at least one year at their sampling

locations, which as previously noted were distant from their birthplace or former living place.

A

detailed description of the inclusion and exclusion criteria of the study is provided in the
Supplemental Materials and Methods.
Questionnaire
The standardized questionnaire used in all centers comprised detailed information on
demographic background, lifestyle factors, military service time, occupational exposure (rountine
duties e.g. drivers, rador serviceman etc),??, sexual history, reproductive history, the consumption
of tobacco, alcohol and drugs, and previous or current diseases.
Physical examination
All participants had previously been subject to a general medical examination on entry to
military service, and for the study they , Participants in the study were examined by the same
specialist urologist at the time of their participation. Secondary sexual characteristics and the
possible presence of a varicocele, a hydrocele, the location of the testis in the scrotum, and the
consistency of the testis and epididymis were examined to exclude subjects with reproductive or
urological diseases.
Semen analysis
Semen samples were assessed according to the WHO 1999 recommendation (22). After
liquefaction and within 1h of ejaculation the samples were analyzed for semen volume and pH,
sperm concentration and motility (defined as WHO motility grades A, B, C and D).
6

Statistics
As semen parameters follow markedly skewed (non-normal) distributions, unadjusted mean
and median values, SD and 25th–75th percentiles were calculated for each variable. Percentages
coincident with WHOthe recommendations of WHO (1999, 2010) were also calculated and
stratified according to military service location.

A nonparametric Kruskal–Wallis analysis of

variance was used to compare between-group medians. The effects of possible confounders were
tested by a multiple regression analysis, initially for all six groups combined and then by individual
location.

The tests were two-sided, and the level of significance was established at 0.05. Further

details of the physical examinations, semen analyses and statistical assessments are provided in
Supplemental Materials and Methods.

RESULTS
The general biological characteristics of the 1194 subjects are summarized in Table 1. A
large majority of subjects (95.9%) were 18–30 years old,

and their mean ages of all participants

ranged from 24.3 years old (Lhasa) to 26.4 years old (Xinzhou), and their mean period of military
service was 5.3 years.

1075 (90.0%) participants reported zero alcohol consumption and few

participants (? 2.6% ) had an average daily consumption of tobacco exceeding 10 cigarettes. Only
23 (1.9%) participants were married. The mean period of military service was 5.3 years, and Tthe
mean duration of any form of??? sexual abstinence was 4.5 days (?????2-7 days).
The time from specimen collection to the start of semen analysis averaged 29 minutes. The
semen characteristics of the 1194 subjects are listed in Tables 2 and 3. Participants based in
Xinzhou had the highest mean sperm concentration (numbers ???(69.7×106/ml)) and those in
Lhasa the lowest (numbers???(51.5×106/ml)), but the difference was not statistically significant.
The semen volume, total sperm count and sperm rapid progressive motility in participants from
7

Lhasa were lower than those of other centers. (Significant???Significant, P﹤0.05).

There were

few differences in the mean semen characteristics of participants by age, military service, birthplace
or average air temperature over last five years.

Mean values for sperm concentration and rapid

progressive motility did, however, show significant seasonal differences, with the lowest values in
autumn. Mean semen volume, sperm concentration and total sperm count were all higher in sites
located at lower altitude (≤1000m) than higher altitude (>1000m). The sperm concentration and
total sperm count increased significantly with the duration of sexual abstinence, reaching peak
values between four and five days.
Table 4 shows adjusted regression coefficients and Pp--values for possible risk factors in
relation to semen parameters.

The duration of aSexual abstinence duration was related to the

sperm concentration and count (repetition??), while the season significantly affected all of the
semen parameters except for semen volume.

The sSemen volume, sperm concentration, sperm

count and sperm rapid progressive motility were significantly associated with average altitude, age,
military service time and average air temperature of the last five years, whereas birthplace had no
effect on the semen parameters. (Contradiction of previous para?)

DISCUSSION
TheOur study showed significantly lower proportions of sperm concentrations (74.1%), counts
(79.6%) and motility (43.7%) than the WHO reference ranges（1999）, and only 11.7% of
participants had all normal semen parameters according to these WHO recommendations. More
recently WHO (2010 Year???2010) revised the semen reference intervals (????22) by studying
the semen parameter distributions of men whose partners had a time-to-pregnancy (TTP) up to and
including 12 months. The new criteria of semen parameters, including such as semen volume,
sperm concentration, total sperm number, total motility and progressive motility (22,23) are lower
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than those in the previous WHO (1999) recommendations.

However, the semen parameters

indicated by of our study also are are still lower than the WHO (2010) recommendations, with .
Compared to the 2010 WHO reference intervals, 94.7% of semen volumes, 80.3% of sperm
concentrations, 80.0% of total sperm counts, 46.5% of progressive motility, and 54.6% of total
motility (reached oevr) are above the low limits (???22). Only 37.5% of the individuals attained
normal semen parameters in all tests.
As shown in Table 2, the respective mean and median values of sperm concentration, count
and total motility are also markedly lower when compared to earlier reports from subjects recruited
drawn from healthy general populations (24-29).

In other studies on m,ilitary personnel, Punab et

al. (19) reported that the sperm concentrations of 118 Estonian soldiers (106 million per ml) was
higher than that of the Lithuanian and Estonian general populations.
lower than all these reports].

[Obviously our data are

Our results are in agreement with Yan et al. who investigated

reported the semen parameters of 1054 Chinese servicemen from a single army cohort and reported ,
showing that the mean sperm concentration, sperm count and total motility values ofwere
55.9×106/ml, 133.6×106 and 70.6%, respectively (30), which were in agreement with our
investigation, but no data on median values were not provided.
The main strengths of the present study are the overall large sample size, high overall
participation rate and relative conformity of the sub-populations tested,

Multiple regression

analysis was used to control for confounders, first for all six groups combined and then byfor each
individual sub-group.

Although some confounding may remain, we feel that it would be unlikely

to explain the apparent scale of the lower sperm quality detected.

Although sThe servicemen

generally have better overall general health condition than conscripts??? than their peers drawn
from the general population, they also show but relatively lower sperm concentrations, counts and
motility.
The present subjects all had served in the armyPLA land forces for more than one year and had
9

were not involved in combat missions when the semen samples were collected.

None of the

participants were exposed to factors such as scrotal heating or other potentially special adverse
harmful physical or chemical environments.

As personnel enlisted from their native provinces for

service elsewhere in China have to adapt to changes in such as dietfood,, living habits, climate and
altitude, it seemed possible we speculate that these changes maycould have contributed to
differences in semen quality.

[Moreover, the adaption processes could not improve the sperm

quality (there were not significant differences of semen characteristics among different service time
groups) ????. ] (I agree that we can remove this sentance).

In our study, we found that the subjects from Lhasa have the poorest semen quality, especially
in terms of the semen volume, total sperm count and sperm rapid progressive motility (A%).
Iwasaki et al. had suggested that anoxia and UV exposure exert negative effects on the sperm
function of male adults (31), and in our study the personnel stationed in Lhasa had the poorest
semen quality, especially in terms of the semen volume, total sperm count and sperm rapid
progressive motility (A%).. The regression coefficients for altitude between groups of above and
below 1000 meters in relation to the semen volume, sperm concentration, total sperm count and
sperm rapid progressive motility (A%) weare all less than 1 (Pp=0.0001).

The higher the altitude,

i.e. the greater the exposure to anoxia and UV, and possibly related to physical performance, the
lower the mean (median??) semen volume, sperm concentration and motility, suggesting that
altitude is a risk factor for certain specific semen characteristics, especially semen volume and
sperm rapid progressive motility, which is consistent with the altitude-based study report byfrom
Yu et al. (32).
Whether or not there is any correlation exists between semen parameters and age is
controversial (33-36), however in . Oouur study found that the age of the subjects, from 18 to 35
years old with and 96.5% between 18-30 years, had no significant effect on semen parameters.
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Substantial ignificant differences in the age ranges of subjects in previous investigations may have
been athe major cause for conflicting findings.
Our results showed that the Ssperm concentrations, sperm counts and motility wearre all
significantly lower in autumn than in summer, with no significant differences between winter and
summer. We also found that the semen characteristics had no significant differences between the
two groups (X and Y)Beihai, Lhasa, Germu, Xinzhou , Huhehaote, and Mohe)

where the

average air temperature over the last five years were above and below 0˚C (??? Around 0˚C),
suggesting either indicating that the average yearly air temperature hads little influence on semen
quality, or that males could adapt to air temperature changes. Many investigators have attributed
seasonal variations in sperm concentration to temperature changes, the daylight length, or
differences in ejaculatory frequency (36-39). Our results suggested that temperature itself is not
the key factor influencing semen quality but temperature change may be.
Our results are consistent with the widely accepted concept that the duration of abstinence can
influence semen quality (18, 25, 40, 41). Second repetition??
This is the first investigation on the semen quality of a large cohort of military personnel
originally recruited from different geographical areas of China on semen quality, conducted
according tohe WHO recommendations.

The subjects, which comprise one type of internal

migrants within China, had markedly lower sperm concentrations, counts and motility by reference
to WHO recommendations (1999, 2010). (repetition)

Furthermore, our study carried out among

servicemen, with relatively high participation rates which effectually decreases the selection bias,
compared with many other similar studies (17, 42, 43) based on clinic or hospital populations or
sperm donor banks with participation rates less than 20%. (repetition???).

(We can remove this

sentence) .Our study therefore has an important strength to detect the influences on semen quality
when considering the environment and lifestyle changes.

The study has important clinical

significance on infertility management, fertility preservation, especially for thosee military
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personnel who are resident in an high altitude environment with strong exposure to the UV light.
Limitations: We have no information on semen quality changes before and after the participants
were enlisted, however a.

A longitudinal study to answer this question is in progress.

Furthermore, Tthere araree relatively few comparable studies on male reproductive function and
the relevant lifestyle influence on semen quality in China (or ‘normal’ ranges (ref23)..???; poorer
diet post-conception, or during childhood/puberty, Great Leap Forward???). and iIt would be
helpful enlightening if we could compare the results of the semen quality evaluations of the
Chinese military personnel servicemen to the with data derived from of the non-migrant
populations of the each local region in China [since the military servicemen share some features
in common with the true migrant populations in terms of locality and the outdoor climate].
[In conclusion, the servicemen have significantly low normal proportionality of sperm
concentration, count and motility by reference to WHO recommendations (1999, 2010), and they
also appear to have lower semen quality when compared to the subjects recruited from the healthy
general population as reported by the other studies in China.

Repetition

.Environmental changes

such as food, living habits, climate and altitude may influence the semen quality, whereas age has
no significant effect on semen parameters. Sperm concentration, sperm count and motility are all
significantly lower in the autumn than summer. The average air temperature has less influence on
the semen quality.

Higher sperm concentration and total sperm count are observed among the

subjects after 4-7 days of abstinence.] (We can remove this para.)
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Table/figure legends

TABLE 1

Characteristics of the study population.

TABLE 2

Mean semen characteristics by areas.

TABLE 3

Mean semen characteristics by potential risk factors.

TABLE 4

Effects of potential risk factors on semen parameters.

Supplemental Figure 1.
Supplemental Table 1.

The locations of six selected districts on Chinese maps.
The characteristics of the six selected districts.
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