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After the controversial report by Carlsen et al. in 1992 show-
ing a possible decline in human semen quality over the past
50 years, many laboratories investigated their own records of
semen findings that had been kept for the past decades, and a
significant decrease in sperm quality was reported from some
laboratories, but not others. At the beginning of the 21st cen-
tury, a definitive interpretation of this issue has not yet been
offered; however, it seems plausible that there are large regional
differences in semen quality. Decreases in semen quality have
been reported from various regions around the world, and a
concurrent rise in the incidence of other reproductive prob-
lems, such as testicular cancer and genital abnormalities, has
been observed in many regions. However, most of the reports
showing regional differences were from Western or Western-
derived countries, despite the fact that Asia is the region with
the highest population on earth. Recently we undertook a
cross-sectional study on fertile men in Japan to describe the
current status of semen quality of Japanese men. We took

confounders into consideration to allow a comparison with a
previous European study. Japanese fertile men proved to have a
semen quality at the level of Danish men, who were reported
to have the lowest level among the men examined in the
European study. This low level of sperm concentration in fertile
Japanese men may result from differences in lifestyle or other
environmental factors, but we cannot rule out the possibility
of ethnic differences caused by different genetic variation or
combination. To address this issue we need more information
on the reproductive function in Asian men, who have been
reported to have certain differences in reproductive character-
istics from Caucasian men. This article is an attempt to review
our present knowledge concerning the current status of semen
quality in healthy Asian men on the basis of the limited pub-
lications from Asia. (Reprod Med Biol 2007; 6: 185-193)
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INTRODUCTION

FIFTEEN YEARS HAVE already passed since a meta-
analysis by Carlsen et al.' published in 1992 showed
a major decline in semen quality and indications of
deteriorating male reproductive health since the 1940s.
During that period, there has been increasing evidence
that fetal exposure to endocrine-disrupting chemicals
potentially disrupts normal reproductive development,
at least in animal experiments; however, the relationship
between endocrine-disrupting chemicals and human
reproductive problems has not been well understood.
Moreover, numerous reports based on a retrospective
analysis of semen data have still not given a definitive
answer to the question of whether semen quality has
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declined over the past few decades. Global time-related
trends are still inconclusive, but a demonstration of
regional differences in semen quality seems to be plau-
sible. A decrease in semen quality has been reported from
different geographical regions, including the USA,** the
UK,* France,” Scotland,® Norway,” Belgium,® Italy’ and
Finland;" no change has been reported from, for example,
the USA," France,'* Finland" and Israel.' In contrast,
we have only a limited number of semen studies from
Asia and scarcely any available Asian data for a regional
comparison. The number of published papers from
Asian men included in the Carlsen et al. study was only
ﬁve'15—19

SEMEN QUALITY OF FERTILE MEN FROM
KAWASAKI/YOKOHAMA

NUMBER OF studies have indicated regional dif-
ferences in semen quality. To examine the current
status in Japan, we undertook a cross-sectional study on
the semen quality of fertile Japanese men from Decem-
ber 1997 who were participating in an international
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Figure 1 Relative differences in sperm concentration (conc.)
of fertile men from five cities (Kawasaki/Yokohama,
Copenhagen, Paris, Edinburgh, Turku). Results are corrected
for the confounders of age and abstinence period.

epidemiological study entitled ‘The reproductive
function of normal men from different regions of
Europe - A study of partners of pregnant women’?*
These men were the only participants from Asia. In this
study we investigated the semen parameters of 324 fertile
men from the Kawasaki and Yokohama (Kawasaki/
Yokohama) area.” The semen parameters of the Japanese
men were compared with those published for fertile men
from the four European cities: Copenhagen, Paris, Edin-
burgh and Turku. When adjusting for confounders, such
as ejaculation abstinence period and age, the lowest sperm
concentrations were detected in men from Kawasaki/
Yokohama followed by men from Copenhagen, Paris,
Edinburgh and Turku (Fig. 1), but only the differences
between men from Kawasaki/Yokohama and men from
Edinburgh and Turku were significant (P = 0.0008 and
P < 0.0001, respectively). Total sperm count, percentage
of motile spermatozoa and percentage of normal sper-
matozoa observed in Kawasaki/Yokohama were signifi-
cantly lower than the percentages from all European
centers, except for motile spermatozoa in men from
Paris. Japanese fertile men had a semen quality at the
level of Danish men, who have been reported to have
the lowest level among investigated men in Europe. To
our knowledge this is the first study describing the
current semen quality of fertile Japanese men based on
a regional comparison with different countries. The low
level of semen quality in fertile Japanese men may be
because of lifestyle or other environmental factors;
however, ethnic differences caused by different genetic
variation or combinations cannot be ruled out by this
study.
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TIME TREND OF SEMEN QUALITY IN ASIAN
MEN

Asian populations included in the
Carlsen et al. study

N 1992 CARLSEN et al.' reported a significant global

decline in sperm count over the past 50 years. The
authors conducted a meta-analysis of 61 studies pub-
lished between 1938 and 1990, including a total of 14 947
men with proven or unknown fertility, and estimated
the rate of change in mean sperm concentration as a
function of publication year by fitting a simple regres-
sion model. The 61 studies included 28 studies from
the USA, 17 from Europe, and 16 from non-Western
countries, including five from Africa, five from Asia,
three from Latin America, two from the Middle East,
and one from Australia. The five Asian studies included
two Indian studies, two Hong Kong studies, and a Thai
study. The mean sperm concentrations of the men from
the Asian countries were 51.4 and 104.3 x 10°/mL for India,
83.0 and 62.4 x 10°/mL for Hong Kong, and 52.9 x 10°/mL
for Thailand. These values seem to be somewhat lower
than those reported from other parts of the world. Subse-
quent to the publication of the Carlsen et al. meta-analysis,’
several re-analyses of the studies included by them have
been conducted. The conclusions of these analyses were
either partial disapproval or confirmation of the con-
clusions made in the original meta-analysis, and some
authors pointed out the existence of regional differ-
ences in a time trend of sperm count after analyzing
the data according to geographical region.?” Using both
a linear and non-linear model, Swan et al.”* showed that
mean sperm concentrations were highest in Europe and
lowest in non-Western countries, and a significant decline
in sperm concentration was seen in the USA and Europe,
but not in non-Western countries. The same conclusion
was derived from an extended meta-analysis of their
own, including studies until 1996.** In non-Western
countries, where very few studies have been conducted
and most are quite recent, there were insufficient data
to evaluate this issue. In the Carlsen et al. meta-analysis,
only five Asian studies were included as part of the non-
Western countries.! To investigate any secular trend in
semen quality in Asian men, we need more available data.

Healthy men with unknown fertility from
Sapporo, Japan

A study group from the Sapporo Medical University com-
pared semen quality between 253 (mean age: 24.2 +
4.1 years) and 457 (mean age: 24.2 + 54 years) normal,
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healthy volunteers who lived in Sapporo, the northern-
most government-designated city in Japan, in 1975-
1980 and 1998, respectively.”> The methods of recruit-
ing volunteers were posters in 1975-1980 and handbills
in 1998. Semen samples were collected by masturba-
tion after 3 days or more of abstinence. There was no
change in mean semen volume between 1975-1980
(2.8 £+ 1.2 mL) and 1998 (2.9 + 1.3 mL). The mean sperm
concentrations were 70.9 + 47.3 X 10°/mL in 1975-1980
and 79.6 + 49.3 x 10°/mL in 1998. Although there may
be various differences in the sources of populations
between the two study times, the data demonstrated no
significant change in sperm count between the terms of
the two studies. No significant difference in the percent-
ages of subjects with oligozoospermia or azoospermia
was recognized between the two studies. The authors
concluded that there was no evidence of deterioration
in sperm quality of normal healthy men who lived in
the Sapporo area over 20 years.

Chinese fertile men (meta-analysis)

Zhang et al.*® analyzed the change in mean sperm con-
centration in Chinese fertile men from 1983 to 1996.
Semen data were collected from 114 published papers,
including 256 set data from 9292 men and 11 726
semen assays from 39 cities and countries. The results
of the analysis showed that the mean sperm concentra-
tion decreased from 103.02 x 10°/mL in 1983 to 83.84 X
106/mL in 1996. Zhang et al.* stated that although the
sperm quality of fertile men in China was better com-
pared with reports from other countries for the same
period, the speed of decline (coefficient of regression
and decrease rate per year) was higher.

Artificial insemination by donors from
university students in Tokyo, Japan
(retrospective study)

A group from Keio University Hospital investigated the
record of semen quality in artificial inseminations by
donor (AID) (K. Sueoka etal. unpubl. data, 1998-
2000). Inclusion criteria for AID candidates were as fol-
lows: age 20-25 years, semen volume 2 mL or more,
sperm concentration 50 million/mL or more, and a
sperm motility rate of 50% or more. These researchers
compared semen data from the 1970s, 1980s and
1990s, 6048 samples in total. The mean sperm concen-
tration was 65 x 10°/mL in the 1970s and 57 x 10°/mL
after 1990. These researchers concluded that sperm
count showed a tendency to decrease over the whole
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period, and this decrease was more significant in the
period after 1990 than between 1970 and 1989. As for
sperm motility, a slight but significant tendency to
decrease was demonstrated in the period from 1970 to
1989, but no significant decrease was shown after 1990.

REVIEW OF REPRODUCTIVE PARAMETERS
IN ASIAN HEALTHY MEN

N THIS ARTICLE we limited ourselves to citing pub-

lished papers dealing with male reproductive parame-
ters in normal men (fertile men and healthy men with
unknown fertility), and we excluded studies including
infertile men. The papers were collected by a search of
Medline.

Testicular size

As it has been reported that daily sperm production and
sperm count are positively correlated with testicular size,
a measurement of testicular size gives us important
information on male reproductive function. Several
studies have documented ethnic differences in testis
size: smaller in Asian men than in Caucasian men.”"*
Short” found smaller testes in Japanese and Korean
men than in Caucasians. To compare testicular size
among different Asian studies, we selected studies that
used the Prader orchidometer, which is the most widely
used instrument for measuring testicular volume. The
mean testicular volumes (average of the left and right
testis) of normal Korean men,* fertile Chinese men,"”
fertile Thai men' and normal Chinese men'’ were
19.4,17.7, 17.2 and 17.0 mL, respectively. These values
are smaller than those from a European study showing
that the mean testicular volumes in fertile men from four
European cities were 23.5 mL (Copenhagen), 23.0 mL
(Edinburgh), 22.5 mL (Paris) and 23.0 mL (Turku). In
our study of fertile Japanese men, the mean testicular
volume was 21.5 mL.* This value is larger than any
value found in the Asian studies discussed here, but it
is still smaller than the values recorded from the four
European cities. These results are consistent with those
of previous studies on ethnic differences in testis size.
Diamond?® compared the testicular size of men from
various countries around the world and reported that
although measurements of testis size by orchidometry
in living subjects were difficult to standardize, testis
size in Japanese and Korean men was smaller than in
Caucasians, and testis weight at autopsy was two-fold
lower in two Hong Kong Chinese samples compared
with a Danish sample. However, some studies have
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questioned the reliability of comparative data on testic-
ular size. Carlsen et al.* and Tatsunami et al.** have pointed
out that inter-investigator differences in the results of
testicular measurements are considerable, and Hargreave®
has documented that racial differences in testicular size
are presumed to relate to differences in body weight.
We should keep this problem in mind when data of
testicular volume from different studies are compared.

Semen volume

At the time of ejaculation spermatozoa are admixed
with secretions from the seminal vesicle and the pros-
tate, which are both androgen target organs. Therefore,
semen volume is an important parameter for evaluat-
ing male reproductive function.

Although the World Health Organization (WHO)
manual®** has recommended that semen volume be
measured either with a graduated cylinder or by aspirat-
ing the entire sample into a graduated syringe or pipette,
a European study® adopted weighing of all the semen
together with the container for assessing volume as a
more accurate measure. We compared the mean semen
volumes assessed using two different methods, aspirat-
ing and weighing, and determined the difference between
the two to be 0.49 mL, which was obtained from 102
semen samples of fertile Japanese men.” This discrep-
ancy should be considered when comparing data of
semen volumes between different laboratories. Accord-
ing to our comparison of the results from different Asian
studies, the mean semen volumes of China (north/
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south/central), Thailand, Singapore and India were
3.0/2.9/2.4, 2.5, 2.4 and 2.5 mL, respectively.”” In con-
trast, semen volume of the fertile Japanese men was
3.2 mL;*® which is the highest value among the Asian men
examined here. These values from Asian men appear to
be lower than those from European men® (4.2, 4.1, 3.9
and 3.8 mL for French, Finnish, Scottish and Danish
men, respectively). Semen volume might have regional
or racial differences not only between Asian and Cauca-
sian men, but also among Asian men. It is well known
that semen volume increases as the abstinence period
becomes longer. Therefore, we must consider the in-
fluence of this confounding factor when analyzing
semen volume as a male reproductive parameter.

Sperm concentration

Many of the studies examining regional differences in
sperm concentration have been carried out in the USA
and Europe. Only a small number of studies have been
conducted in Asia and other non-Western countries. We
must keep in mind that we should address data on
sperm concentration carefully when comparing between
various studies from different Asian countries because
there are many confounding factors, such as age, sexual
abstinence period, season, fertility status (proven or
unknown), and specimen collection method; which are
all known to have a significant influence on sperm
concentration. For reference, we show the mean sperm
concentration of normal Asian men from various
geographical areas in Table 1'7'%3%%2 and illustrate

Table 1 Studies reporting sperm concentrations in different areas in Asia

Year of
Fertility status Authors (reference) publication
Normal men Tkegaki et al.’ 1984
(unknown fertility) Wang et al."” 1985
Ito et al.” 2001
Junquing et al.”’ 2002
Danadevi et al.*® 2003
Gao et al.” 2007
Fertile men Wang et al."’ 1985
Aribarg et al.'® 1986
Chia et al.* 1998
Baba et al."! 2000
Pal et al.*? 2007

Mean sperm

No. concentration

Location/Country subjects (x10°/mL)
Sapporo/Japan 254 71

Hong Kong 1157 84
Sapporo/Japan 457 80

Seven areast/China 562 55
South India/India 57 63

Six areas$/China 1191 659
Hong Kong 82 71
Bangkok/Thailand 307 53
Singapore 243 45§
Kawasaki & Yokohama/Japan 255 108

New Delhi/India 368 68

tShanghai, Henen, Zhejiang, Shanxi, Shandon, Hebei and Guizhou.

tHebei, Henen, Shanxi, Zhejiang Qindao and Guizhou.
§Geometric mean.
{Median.
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Figure 2 Mean sperm concentration (x10°/mL) in healthy men from different areas in Asia. (Exception: *geometric mean;

tmedian).

their geographical distribution in Fig. 2. Except for
Japanese men in Kawasaki/Yokohama, Asian men
seem to have a lower sperm concentration; all concen-
trations are below 100 x 10°/mL. Even in the men from
Kawasaki/Yokohama, a low level of sperm concentra-
tion was shown after the multivariate regression analy-
ses were adjusted for known confounding factors.”

In Singapore it has been shown that there is no sig-
nificant month-to-month fluctuation in semen volume
and sperm concentration in fertile men who reside in
the tropics.”> The temperature in Singapore is relatively
stable throughout the year because of its close pro-
ximately to the equator; average maximum and mini-
mum temperatures are approximately 32°C and 25°C,
respectively.®> Variations in semen volume and sperm
concentration from temperate climates were not
observed in this study. These researchers concluded this

result might be related to relatively constant tempera-
tures and hours of light exposure in the tropics. Chia
et al.*® reported that there were no significant differ-
ences in the semen parameters among north, central
and south Chinese, Malays, Indians and other races.
Padungtod et al.”® investigated the association between
occupational pesticide exposure and semen quality in
Chinese workers. In this study, the mean sperm con-
centration of 43 men from the control group, who had
no history of exposure to organophosphate pesticides,
was reported to be 62.8 x 10%/mL.

Sperm motility

Mean percentage values of motile spermatozoa in Asian
men reviewed in this article were all 50% or more (the
normal range as defined in the WHO manual**) and
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ranged from 55 to 60%. In the WHO manual,** a motility
grading system is recommended, where the micro-
scopic field is scanned systematically and the motility
of each spermatozoon is graded ‘a’ (rapid progressive
motility), ‘b" (slow or sluggish progressive motility), ‘c’
(non-progressive motility) or ‘d’ (immotility). Sperm
motility is usually expressed as a percentage of the sum
of spermatozoa in category ‘a’ and ‘b’ To compare the
absolute values of sperm motility between different
studies may be less meaningful because sperm motility
assessment is difficult to standardize. Jorgensen et al.*®
have stated that despite attempts to standardize motil-
ity assessments between laboratories, inter-technician
variation might still be considerable.

Abstinence period

A number of studies have reported that a longer absti-
nence period has an increasing effect on semen volume
and sperm concentration.**™*¢ Figure 3 shows the rela-
tionship between abstinence period and sperm concen-
tration. This figure is based on the semen data of 324
fertile Japanese men.” Our study also showed a signifi-
cant influence of abstinence period on sperm concen-
tration. We reported that the sperm concentration of
324 fertile men from Kawasaki/Yokohama in Japan was
at the same low level as Danish men from Copenhagen
based on multivariate regression analyses adjusted for
known confounding factors.” In contrast, in a prelimi-
nary report of the ongoing study, we found that the first
255 included men from the Kawasaki/Yokohama area
had a high sperm concentration as raw data unadjusted
for confounding factors.” The opposite conclusion
was drawn after the multivariate regression analyses
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Figure 3 Relationship between abstinence period and sperm
concentration. Result is based on the semen data of 324
fertile Japanese men.?
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adjusted for abstinence period as a major confounder.
High sperm concentrations in raw data from the Japa-
nese men included considerable increments caused
by longer abstinence period; however, the Japanese
men had lower sperm concentrations compared with
the men from the four European cities once the absti-
nence effect was removed by the correction.” The Japa-
nese men had a longer abstinence period (mean value
208 h) than the men from the European cities (mean
value 81 h for the Danish, 109 h for the Finnish, 156 h
for the Scottish and 157 h for the French).?**

The duration of the abstinence period may differ
between age groups or groups with different fertility
status. The mean abstinence periods of Japanese fertile
men (mean age 32.3 + 4.5 years)” and healthy young
men with unknown fertility (20.4 + 1.4 years; T. Iwamoto
et al. unpubl. data, 1999-2000) were 208 h and 75 h,
respectively. Differences in the abstinence period between
the two groups could be explained by differences in
lifestyle, including sexual activity. In contrast, in China,
the opposite results were obtained: the mean abstinence
periods of fertile men (43.0 + 4.93 years) and healthy
young men (28.7 +4.73 years) were 106.8h and
158.9 h, respectively."”

Despite the fact that abstinence period is a significant
confounding factor for semen variables many studies
have not specified the mean abstinence period of their
subjects. Only a small number of Asian studies pro-
vided data on the abstinence period.

DISCUSSION

KAKKEBZAK ET AL. AND other groups have pointed

out that the significance of the detected regional dif-
ferences in semen quality is associated with regional
incidences of testicular cancer.*””* Denmark has been
suggested to be the worst-case scenario with respect to
male reproductive health, with Danish men having a
low semen quality and a high risk of testicular cancer.*
The so-called testicular dysgenesis syndrome (TDS)
hypothesis implies that exogenous, environmental
factors may interfere with normal testicular develop-
ment, and lead not only to a reduced sperm count and
increased risk of testicular cancer in adult life, but also
at birth to an increased risk of hypospadias and un-
descended testes.*””'~>* Therefore, we should pay atten-
tion to various indications relating to male reproductive
health when considering circumstances in Asian men.

Our cross-sectional study of Japanese men showed
that fertile men from Kawasaki and Yokohama had a
sperm concentration almost at the same level as the
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Danish men, who had the lowest count among the
European men studied, whereas the Finnish men had
the highest.”’ Although the Japanese men showed low
levels in semen quality like Danish men, the incidence
of testicular cancer is considerably lower,**™*® approxi-
mately at the same low level as the Finnish men who
were detected to have the best semen quality in the
European study.***

Comparatively low levels of sperm concentration in
Asian men were suggested from various Asian studies.
This may reflect ethnic differences rather than impaired
male reproductive health. Although we have no available
data from Japan and other Asian countries to elucidate
the possible influence of ethnicity on semen quality,
some reports have shown lower testis parenchymal
weight,* lower 5 alpha-dihydro testosterone levels despite
similar serum testosterone levels,>”*® lower testosterone
production rate,”® and longer CAG repeats in the
androgen receptor gene® in Asian men compared with
Hispanic or non-Hispanic white men. The finding by
Chia et al.*® that Chinese, Malays and Indians have low
sperm counts is in line with our findings, indicating
low figures in Asian men. Wang et al.'” investigated dif-
ferences in reproductive functions in Asian men living
in Asia and white men living in the USA. In conse-
quence, the combination of smaller testes volumes,'”
elevated blood follicle stimulating hormone levels,®
small decreases in daily sperm production and Sertoli
cell numbers, together with an increased apoptotic
germ cell rate in Asia,*” have suggested that the sper-
matogenic reserve might be relatively reduced in Asian
men compared with white men. Possible explana-
tions for these observations may be differences in
genetically and/or environmentally determined levels
of peripheral testosterone metabolism.*”® Furthermore,
dietary factors, and physical and sexual activity may
also be related to the observed differences in reproduc-
tive parameters between Asian and Caucasian white
men.

Asia is the region with the highest population on
earth; however, only a small number of semen studies
have been conducted. Except for our Japanese study, we
have no epidemiological data on regional differences in
semen quality from Asia. Comparable data of Asian
men with different cultural, nutritional, lifestyle and
genetic backgrounds are valuable to explore the factors
responsible for possible adverse effects on male repro-
ductive health. For this purpose it is necessary to con-
duct well-designed international coordinated studies
on male reproductive function, including a broader
representation of Asian populations.
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