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Objective: To provide information of semen quality among young Chinese men in the past 15 years.
Design: Retrospective cross-sectional study.
Setting: Sperm bank.
Patient(s): A total of 30,636 young adult men who applied to be sperm donors at the Hunan Province Human Sperm Bank of China in
2001–2015 were included in the study.
Intervention(s): Physical examination and analysis of blood and semen samples.
Main Outcome Measure(s): Semen parameters, such as semen volume, sperm concentration, total sperm count, progressively motile
sperm count, sperm progressive motility, sperm morphology, and round cells.
Result(s): Many of the semen parameters showed a decreasing trend over the 15-year observation period. The sperm concentration and
percentage of sperm with normal morphology decreased from 68 � 106/mL to 47 � 106/mL and from 31.8% to 10.8%, respectively.
Although sperm progressive motility showed irregular variation, the progressively motile sperm count decreased from 34 � 106 to
21 � 106 over the 15-year period. Furthermore, the rate of qualified donors fell from 55.78% in 2001 to 17.80% in 2015, and the
rate for 2015 was approximately threefold lower than the corresponding rates in 2001.
Conclusion(s): The semen quality among young Chinese men has declined over a period of 15 years, especially in terms of sperm con-
centration, total sperm count, sperm progressive motility, and normal morphology. (Fertil Steril� 2017;107:83–8. �2016 by American
Society for Reproductive Medicine.)
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S emen quality is related to the
quality of reproductive health
and is a very important factor

that reflects male reproductive health.
In recent years, numerous reports
have indicated that the semen quality
in normal men is declining. In the early
1990s, Carlsen et al. (1) reviewed more
than 60 papers worldwide and found a
trend of decreasing sperm count and
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seminal fluid volume over the past
50 years. Many researchers were skep-
tical about the results, and several re-
searchers were prompted to study
trends in their own countries. Swan
et al. (2) reviewed 101 studies in the
literature and verified that there was
indeed a decline in sperm count over
time. Likewise, Huang et al. (3) re-
viewed 115 studies from 1985 to 2009
ber 16, 2016; published online October 25, 2016.
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Medicine, Published by Elsevier Inc.
reporting the manual sperm counts of
23,126 healthy Chinese men and re-
ported a possible decline in the semen
concentration over that 25-year period.
Papers reported heterogeneous find-
ings, with some studies confirming a
decreasing trend in semen quality while
others did not. For example, Jorgensen
et al. (4) showed an increasing trend in
sperm concentration and total sperm
count in 4,867 young men in Copenha-
gen, Denmark. Similarly, Zhu et al. (5)
reviewed 36 papers and analyzed the
semen parameters from 2,318 healthy
Chinese men and showed no significant
decline in sperm density and semen
volume over a 13-year period. Despite
differences, several studies have re-
ported relatively poor semen quality
in their study populations (6–8), and
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very few long-term studies on the trends in semen quality
have been carried out in the same laboratory in China.

To our knowledge, no long-term studies on semen quality
in the Chinese population have been published so far. The pre-
sent study aimed to investigate whether the semen parameters
in young Chinese men have declined over the past 15 years.
To this end, we retrospectively reviewed the semen parame-
ters of a population of young adult men applying for consid-
eration as sperm donors in Hunan, China, from 2001 to 2015.

MATERIALS AND METHODS
Study Population

In this retrospective study, we reviewed the semen analysis
database of young adult men who applied to be sperm donors
at the Hunan Province Human Sperm Bank of China from
August 30, 2001, to December 31, 2015. Relevant demo-
graphic and clinical information of all of the men was
collected and analyzed. Demographic information included
age, height, weight, smoking and drinking history, and dura-
tion of abstinence. Clinical information included semen pa-
rameters and the date of semen analysis.

All donors signed informed consent forms during their
first visit to the human sperm bank, agreeing that their semen
samples or data could be used by the human sperm bank for
scientific research. The present study was approved by the
Ethics Committee of the Reproductive and Genetic Hospital
of CITIC-Xiangya (LL-SC-SG-2015-003).
Semen Analysis

A total of 71,353 specimens from 30,636 young adult men
were included in the analysis. Specimens were collected by
means of masturbation into a sterile container after 2–
7 days of abstinence. All specimens were assessed according
to the World Health Organization (WHO) 1999 recommenda-
tions (9). After liquefaction and within 1 hour of ejaculation,
the samples were analyzed for semen volume and sperm con-
centration, round cells, normal morphology, and sperm
motility (defined as WHO motility grades A, B, C, and D,
where grade A indicates fast progressive sperm, B slow pro-
gressive sperm, C nonprogressive sperm, and D immotile
sperm). Sperm morphology was evaluated by means of the
modified Papanicolaou staining method, and apart from the
normal forms, any defects in the head, midpiece, and tail
were recorded.
Criteria for Screening Sperm Donors in China

The recruitment methods for sperm donors include handing
out leaflets, conducting lectures in schools, and network pub-
licity by technicians. The screening of sperm donors is con-
ducted in strict accordance with the standard guidelines
published by the Chinese Ministry of Health in 2003. The
guidelines are as follows (10): 1) Donors must be from 22 to
44 years of age; 2) donors must have a college degree or
above, and height not less than 1.70 m; 3) donors must be
in good health, based on the results of both physical examina-
tion and psychologic evaluation by qualified doctors, and
have no familial history of genetic disease; 4) fresh semen
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should have a liquefaction time of <60 minutes, sperm con-
centration R60 � 106/mL, progressive sperm motility of
R60%, and percentage of normal morphology >30%; 5)
post-thaw semen should have a motility of R40%, R12 �
106 motile sperm, and a frozen-thaw survival rate of
R60%; and 6) potential donors must undergo laboratory
testing to exclude individuals at high risk for sexually trans-
mitted infections and genetic diseases, including human im-
munodeficiency virus 1 and 2, hepatitis B and C, syphilis,
gonorrhea, mycoplasma, chlamydia, cytomegalovirus, Toxo-
plasma gondii, rubella virus, herpes simplex virus types 1
and 2, and karyotype analysis. If the patient tests negative
for all of the above tests and fulfills the Chinese Ministry of
Health guidelines outlined above, the donation process is
initiated and the semen samples are cryopreserved. The sam-
ples must be cryopreserved for a minimum 6-month quaran-
tine period before rescreening for HIV. The way of recruiting
and criteria for screening sperm donors have not been
changed over time.
Statistical Analysis

Because semen parameters follow markedly skewed (nonnor-
mal) distributions, unadjusted mean and median values, stan-
dard deviation (SD), and 5th to 95th percentiles were
calculated for each variable. Percentages coinciding with
WHO recommendations (1999, 2010) (9, 11) were also
calculated. The study subjects were divided into three
groups depending on the investigation periods: 2001–2005,
2006–2010, and 2011–2015. Between-group differences for
continuous variables were tested by means of the nonpara-
metric Kruskal-Wallis test. Statistical data were analyzed
with the use of the Statistical Package for the Social Sciences
(SPSS) 18.0. A P value of < .05 was considered to be statisti-
cally significant.

RESULTS
Subject Characteristics

The general demographic characteristics of the 30,636 men
(including 3,114, 10,386, and 17,136 in the 2001–2015,
2006–2010, and 2011–2015 groups, respectively) are summa-
rized in Table 1. No differences were found between the three
groups in age (P¼ .79), height, weight, body mass index,
abstinence times, and alcohol drinking and smoking habits
over the study period.
Semen Parameters

The semen parameters of the study subjects are described in
Table 2. As presented in the table, the semen volume and total
count were within the high-normal values (82.3% and 78.2%,
respectively, according to the 1999 WHO criteria and 89.6%
and 85.4% according to the 2010 WHO criteria). However,
the semen parameters, especially sperm progressive motility,
among a large proportion of the study subjects were below
the lower threshold of the WHO criteria. Additionally, only
50.7% of the semen samples had normal semen parameters
according to the WHO 2010 criteria. At least one parameter
in �49.3% and 58.9% of the semen samples was below the
VOL. 107 NO. 1 / JANUARY 2017



TABLE 1

Demographic characteristics of participants.

Characteristic

2001–2005 (n [ 3,114) 2006–2010 (n [ 10,386) 2011–2015 (n [ 17,136)
Difference

among the three
groups (P value)

Mean
(SD)

Median
(5th–95th %ile)

Mean
(SD)

Median
(5th–95th %ile) Mean (SD)

Median
(5th–95th %ile)

Age (y) 21.6 (3.1) 21.0 (19.0–24.0) 21.4 (2.3) 21.0 (19.0–24.0) 21.9 (2.8) 21.0 (19.0–28.0) .79
Height (m) 1.72 (0.04) 1.72 (1.66–1.80) 1.72 (0.04) 1.72 (1.65–1.80) 1.73 (0.04) 1.72 (1.65–1.81) .27
Weight (kg) 62.6 (7.0) 62.0 (53.0–74.0) 62.8 (8.9) 62.0 (52.0–75.0) 63.8 (8.3) 63.0 (52.0–80.0) .53
Body mass index (kg/m2) 21.1 (2.0) 20.9 (18.4–24.2) 21.1 (5.2) 20.8 (18.2–24.6) 21.3 (2.4) 21.0 (18.0–26.0) .38
Abstinence (d) 4 4 (2–7) 4 3 (2–7) 4 3 (2–7) .46
Smokers (%) 7.7 8.2 7.9 .25
Drinkers (%) 36.5 34.7 32.8 .07
Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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normal threshold value according to the WHO 2010 and 1999
criteria, respectively.
Changes in Semen Parameters

Table 3 and Supplemental Figure 1 (available online at
www.fertstert.org) present the changes in the semen parame-
ters among the study participants. The semen parameters ex-
hibited a decreasing trend over the past 15 years. The semen
volume and round cells did not significantly differ among
the three groups (P¼ .07 and P¼ .36, respectively). However,
the sperm concentration, total sperm count, and normal
sperm morphology decreased and the sperm progressive
motility showed erratic changes over the 15-year observation
period. The sperm concentration and percentage of sperm
with normal morphology were decreased from 68 � 106/mL
to 47 � 106/mL and from 31.8% to 10.8%, respectively,
whereas the sperm progressive motility showed irregular var-
iations, decreasing from 34 � 106 to 21 � 106 over 15 years.
Donors

As presented in Table 4, the percentage of qualified donors
also exhibited a decreasing trend over the 15-year period,
from 55.78% in 2001 to 17.80% in 2015. The percentage of
TABLE 2

Summary of semen parameters.

Parameter n Mean (SD) Median 5th 2

Semen volume (mL) 30,636 2.6 (1.1) 2.3 0.8
Sperm concentration (million/mL) 30,636 53.4 (31.7) 50.0 11 3
Total sperm count (million) 30,636 127 (68) 130 13 7
Sperm progressive motility

(a þ b) (%)
30,476b 47.5 (22.1) 46 24 3

Normal sperm morphology (%) 30,476b 17.2 (8.7) 15.8 3.1
a Abnormal values of semen parameters were defined by the World Health Organization (WHO) rec
tration<20� 106/mL, sperm total count<40� 106, sperm progressivemotility<50%, and normal m
106/mL, sperm total count <39 � 106, sperm progressive motility <32%, and normal morphology
b Number of sperm without azoospermia.

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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qualified donors in 2015 was approximately threefold lower
than in 2001 and declined by �40% in the past 15 years.
The main reasons for nonrecruitment was unacceptable
semen parameters (97.1%, 19,285/19,865), including low
sperm concentration (81.9%, 16,272/19,865), followed by
low sperm motility, low semen volume, azoospermia, and
hematospermia. Approximately 1.6% (319/19,865) of un-
qualified candidates tested positive for transmitted diseases,
and a minority of patients could not be recruited owing to
physical examination abnormalities and hereditary or chro-
mosomal disorders (Supplemental Table 1, available online
at www.fertstert.org).
DISCUSSION
The analysis of semen includes tests for semen volume, sperm
concentration, sperm motility, and morphology. Although
alternate tests based on more functional aspects, such as
sperm penetration, capacitation, and acrosome reaction
have been developed, semen analysis continues to be used
as the primary method to determine male fertility, and it plays
an important role in andrology. In the present study, we
screened and analyzed 71,353 specimens from 30,636 healthy
Chinese men. To our knowledge, this is the largest study
focusing on the semen quality of young men from the general
Percentile Normal
semen parameters
according to the

1999 WHO
recommendations (%)a

Normal
semen parameters
according to the

2010 WHO
recommendations (%)a5th 75th 95th

1.5 3.0 4.5 82.3 89.6
5 68 93 69.7 81.9
5 198 267 78.2 85.4
8 55 66 43.3 60.8

9.3 24.8 34.5 58.5 79.1
ommendations (1999 and 2010). The 1999 standards: semen volume <2 mL, sperm concen-
orphology%15%. The 2010 standards: semen volume<1.5mL, sperm concentration<15�
%4%.
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TABLE 3

Semen quality of 30,636 young men from the general population in Hunan, China.

Variable

2001–2005 2006–2010 2011–2015 Difference
among the
three groups
(P value)Mean (SD)

Median
(5th–95th %ile)

Mean
(SD)

Median
(5th–95th %ile) Mean (SD)

Median
(5th–95th %ile)

Semen volume (mL) 2.8 (1.1) 3.0 (1.5–4.5) 2.6 (1.1) 2.3 (0.8–4.5) 2.5 (1.2) 2.3 (0.8–4.5) .07
Sperm concentration

(million/mL)
68 (36) 64 (18–130) 58 (32) 60 (12–110) 47 (25) 50 (10–80) .00

Total sperm count (million) 182 (69) 177 (22–338) 144 (67) 137 (9–297) 119 (74) 114 (13–236) .00
Progressive motile sperm

count (a þ b) (million)
34 (20) 31 (7–71) 27 (19) 24 (5–55) 21 (35) 20 (1–39) .00

Sperm progressive motility
(a þ b) (%)

50.2 (17.2) 51.6 (25.0–70.8) 43.1 (22.9) 44.8 (24.5–65.2) 47.1 (36.2) 46.0 (25.3–66.4) .04

Round cells (million) 0.5 (0.4) 0.7 (0.1–3.0) 0.6 (0.9) 0.6 (0.1–2.0) 0.5 (0.7) 0.6 (0.2–2.7) .36
Normal sperm morphology (%) 31.8 (6.4) 31.0 (22.0–42.0) 20.5 (7.4) 20.1 (11.4–39.4) 10.8 (6.7) 10.6 (2.5–34.6) .00
Normal semen parameters

according to the 1999 WHO
recommendations (%)

66.3 47.1 32.9 .00

Normal semen parameters
according to the 2010 WHO
recommendations (%)

76.7 56.5 42.4 .00

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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population in China and is the first to report the long-term
semen quality trends within a single laboratory in China.

We analyzed the semen quality from 30,636 young men
from Hunan Province, China. Our findings were not in com-
plete agreement with the semen parameters observed in
several other studies in young Chinese men. The semen qual-
ity of the young Chinese men in our study was not optimal,
although the mean and median values of semen volume in
our study (2.6 and 2.3 mL, respectively) were similar to those
reported in previous studies in China (12–17). Themean sperm
concentration and total sperm count in our study (53.4� 106/
mL and 127 � 106, respectively) were markedly lower than
those reported previously, ranging from 50.2–84.8 � 106/
mL and from 124.1–206.9 � 106, respectively. The mean
normal sperm morphology in our study (15.8%) was also
TABLE 4

Percentage of qualified sperm donors from 2001 to 2015.

Year
New sperm
donors, n

Qualified
donors, n

Qualified
donors, %

2001 95 53 55.78
2002 366 193 52.73
2003 598 314 52.51
2004 803 409 50.93
2005 1,252 611 48.80
2006 1,564 718 45.91
2007 2,244 1,096 48.84
2008 1,925 781 40.57
2009 2,107 979 46.46
2010 2,546 965 37.90
2011 2,628 849 32.31
2012 2,133 823 38.56
2013 3,031 1,019 33.61
2014 4,523 1,103 24.39
2015 4,821 858 17.80
Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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observably lower than in some of the previous studies,
where it ranged from 9.5% to 68%. The discrepancies
between the previous studies and ours may be because
previous studies included young men with a broader age
range compared with the participants in our study. The
mean sperm progressive motility in our study (47%) was
similar to that reported in other studies in young Chinese
men. In our study, the semen parameters of only 41.1% of
the specimens were completely normal according to the
1999 WHO criteria. More recently, WHO revised the semen
reference values in 2010 by studying the semen parameter
distributions of men whose partners had a time-to-
pregnancy (TTP) of up to and including 12 months; these
new WHO criteria (2010) are lower than previous WHO
criteria (1999) (18, 19). However, even when the revised
(2010) WHO standards were used as reference, semen
parameters in only 50.7% of the study participants were all
within the normal range. A higher proportion of men in
countries had abnormal semen parameters than Chinese
men. The mean values of all semen parameters were lower
in our study than in studies in other countries in general
(4,20–23), especially regarding the mean semen volume,
which was lower in Chinese men by 0.6–1.4 mL. The
reasons for the reported differences in the semen quality
between our study and previously reported studies remain
to be understood. It is possible that geographic variations
are responsible for the observed differences in semen
quality, and these regional variations result from different
interactions among lifestyle, other environmental factors,
and genetic variations, or a combination of these factors.

Since the founding of the Human Sperm Bank, all of the
technicians working in the laboratory have received the same
training. All semen samples were analyzed by five well
trained laboratory technicians with the use of the same appa-
ratus, and efforts were made to keep the technique of semen
analysis unchanged. As such, the change in semen parameters
VOL. 107 NO. 1 / JANUARY 2017
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can not be attributed to variations in laboratory technique or
laboratory technicians. And internal quality control measures
were performed to avoid drift over time.

The debate on declining semen quality is still ongoing
(24). In contrast to the findings of the present study,
Jørgensen et al. (4) reported that semen quality among young
Danish men from the general population of Denmark showed
an increasing trend in sperm concentration and total sperm
count from 1996 to 2010. Our study clearly indicated that
sperm concentration, sperm count, motility, and normal
morphology of sperm showed a significant and continuous
decrease over the 15-year observation period. This declining
tendency was constant throughout but was more evident
for sperm concentration. Centola et al. (25) reported a decline
in sperm count and motility among young adult men in the
Boston area during the past 10 years. Mendiola et al. (26) sug-
gested that the total sperm count and sperm concentration
may have declined in young southern Spanish men from
2001 to 2011. Similarly, Rolland et al. (27) showed an annual
decrease of 1.9% in the sperm concentration, a significant but
not quantifiable decrease in morphologically normal sperm,
and a significant increase in total motility over a 17-year
period in their study population in France. As presented in
Table 4 and Supplemental Table 1, the rate of qualified donors
showed a decreasing trend, with the main reason for nonre-
cruitment being unacceptable semen parameters. Together,
these findings indicated that semen quality showed a signif-
icant and continuous declining trend over the 15-year study
period. On the other hand, a recent comprehensive review
of the 1992 meta-analysis and subsequent reports suggested
that sperm counts are not declining (28). However, the data
reported in the present study are particularly relevant,
because the global decline in semen quality may lead to an in-
crease in the numbers of men falling into the subfertile range
in terms of semen parameters (29). Indeed, there has been an
increasing opinion that the criteria and reference ranges for
screening sperm donors in China should be reconsidered.

In the present study, we analyzed the semen quality in a
regional homogeneous population, apparently living under
the same climatic and environmental conditions. However,
the reasons for the decline in semen parameters are unclear
from the present study. Some studies (30, 31) have shown
that smoking and alcohol consumption have a negative
effect on semen parameters, but in the present study there
was no significant difference in the semen parameters
between men who smoked or drank alcohol and those who
did not over the 15 years; therefore, we speculated that
there may have been risk factors besides smoking and
alcohol consumption that affected the semen quality. Over
the past two decades, there has been a rapid pace of
economic and social change in China, and this has been
followed by increased environmental pollution, including
pollution of water, air, and food. This pollution has been
reported to have high levels that may alter men sperm
quality (32–34). Therefore, we speculated that pollution may
be one of the causes of the decline in semen quality. In
addition, nowadays, young men experience greater
psychologic stress from study, work, and emotional
problems, which also adversely affect semen quality (35).
VOL. 107 NO. 1 / JANUARY 2017
Lifestyle changes are another key factor that should not be
ignored, and an increasing number of reports have
confirmed that the widespread use of mobile phones and
wireless technologies by young men has an impact on
sperm quality. Yildirim et al. (36) indicated a negative
correlation between wireless internet and mobile phone use
duration and total sperm count. Similarly, Wang et al. (37)
found that mobile phone radiation reduces the progressive
motility and viability of human sperm and increases sperm
head defects and early apoptosis of sperm cells. In addition,
irregular living habits of young men, including staying up
late, playing computer games, and staying overnight in
bars, also can cause a decline in sperm quality (17). There is
no doubt that the reasons for the decline in semen
parameters are complex and can include factors such as
environmental pollution, increased stress, and lifestyle.
More data and statistical analyses are required to study the
risk factors for decline in sperm quality.

Limitations of the present study include the lack of ques-
tionnaire data (e.g., history of diagnosis and previous treat-
ment received) from the young adult men who participated
in this study; therefore, we can not provide strong evidence
regarding the influence of various risk factors on semen qual-
ity (4). Furthermore, our findings may not be based on a com-
munity population, because the study group was young and
with a limited age range. This study population represents
only one geographical area of China, and may not be repre-
sentative of China as a whole. More studies of this type are
needed.

This is the first study to investigate the semen quality of a
large population within the same laboratory in China over a
long observation period. Our data clearly illustrate that the
semen quality in young men in China has been declining
over the past 15 years, especially in terms of the sperm con-
centration, total sperm count, sperm progressive motility,
and normal morphology. Moreover, the percentage of quali-
fied donors also showed a decreasing trend during this time
period. Although bulk semen parameters (reflected by 95%
confidence intervals) overlap substantially throughout the
study period, overall, these findings are a serious reproductive
health warning, and further studies are warranted to confirm
the findings of this study in China and to determine the fac-
tors causing this phenomenon.
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SUPPLEMENTAL TABLE 1

Distribution of 19,865 sperm donors based on reason for exclusion.

Reason for exclusion n %

Sperm concentration <60 � 106/mL,
motility <60%

8,882 44.7

Sperm concentration <60 � 106/mL,
motility >60%

7,390 37.2

Sperm concentration >60 � 106/mL,
motility <60%

2,227 11.2

Azoospermia 160 0.8
Semen volume <2 mL 626 3.2
Sexually transmitted diseases 319 1.6
Hereditary or chromosomal disorders 138 0.7
Physical examination abnormality 123 0.6
Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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SUPPLEMENTAL FIGURE 1

Semen quality of 30,636 young men from the general population in Hunan, China. Semen parameters of Chinese young men from the general
population. The bars show the 5th to 95th percentiles with median lines. (A) Sperm concentration, (B) total sperm count, (C) progressive motile
sperm count, (D) sperm progressive motility, and (E) normal sperm morphology decreased during the 15-year period.
Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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