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Abstract It is a controversial question whether sperm con-
centrations in humans are changing. Several researchers
have reported on environmental factors affecting sperm
quality, but the influence of genetic factors is still not fully
understood. In this study, we examined the relationship
between Y chromosome haplotypes and sperm concen-
tration in fertile males. In addition, we determined the
haplotypes of azoospermic patients. The results show that
the mean sperm concentration correlates with Y chromo-
some type. Moreover, the occurrence of azoospermia is
related to one particular Y chromosome lineage. Thus,
males with a certain haplotype are at a disadvantage for
fathering children. The difference of spermatogenic ability
among men is important not only in pursuing male compe-
tition as in the past but also as relates to the future of
modern human males.
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Introduction

Recently, several researchers have studied sperm concen-
trations in humans, and some describe it as decreasing
(Carlsen et al. 1992; Auger et al. 1995; Irvine et al. 1996),
while others describe it as not changing (Olsen et al. 1995;
Fisch et al. 1996; Paulsen et al. 1996). In 1992, Carlsen et al.
reviewed sperm concentrations in papers published during
the past 50 years. She concluded that semen quality includ-
ing sperm concentration is decreasing and consequently the
number of subfertile men is increasing (Carlsen et al. 1992).
Also, Mouzon and Thonneau in 1996 reported that sperm
count and semen quality has declined among men born in
France since 1950 (Mouzon and Thonneau 1996).

Many factors influence sperm quality. Sperm quality
is affected by smoking (Chia et al. 1994), alcohol intake
(Pajarinen et al. 1996), vibrations (Penkov et al. 1996),
physiological stress (Fenster et al. 1997), and exposure to
environmental chemicals. Environmental chemicals, espe-
cially endocrine-disrupting compounds, have potential haz-
ards that deteriorate male reproductive ability. To date, two
genes have been reported as genetic factors for sperm qual-
ity, the HLA-DPB1 gene, which correlates with sperm con-
centration (Chan et al. 1994), and a polymorphism of
cytochrome P450-1A1, the frequency of which is elevated in
infertile men (Fritsche et al. 1998).

Several researchers have described that the crucial
gene(s) for spermatogenesis exist on the Y chromosome
(Tiepolo and Zuffardi 1976; Nakahori et al. 1996), and two
candidate genes for azoospermia, RBM (Ma et al. 1993) and
DAZ (Reijo et al. 1995), have been identified.

However, the genetic contribution in the process of sper-
matogenesis, particularly the role of the Y chromosome in
determination of semen quality, is still obscure. We have
hypothesized that Y chromosomes from different male lin-
eages have different structures and different constituent
genes involved in spermatogenesis. In our previous study,
we classified Japanese males into four Y haplotypes accord-
ing to three polymorphisms, SRY, YAP, and 47z/Stu I
(Shinka et al. 1999). We also demonstrated that the
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haplotypes I and II are common all over the world whereas
the haplotypes III and IV are specific to East Asia (Shinka
et al. 1999). Using this method, we examined the relation-
ship between Y chromosome haplotypes and sperm concen-
tration of fertile men. We also examined the prevalence of
azoospermia in different haplotypes.

Methods

Subjects

Semen and blood samples were obtained from healthy fer-
tile Japanese men who had fathered at least one child.
These samples were collected at three hospitals in
Kanagawa prefecture, which is near Tokyo, Japan. The
other samples derived from azoospermic men were col-
lected in Kanagawa and Osaka prefectures in Japan. We
also obtained samples from normal fertile men in these
districts as a control for reproductive ability. Informed con-
sent was obtained from all participants. Semen samples
were obtained by masturbation after sexual abstinence for
at least 48h. All samples were examined within 1h of ejacu-
lation. For all the collected ejaculates, sperm concentrations
were assessed using a hemocytometer. Only spermatozoa
with tails were counted, using a total microscope magnifica-
tion of 4003. At least two chambers of the hemocytometer
were counted, and their average was calculated. Genomic
DNA from the blood was isolated by a commercially ob-
tained DNA extraction kit (QIAamp, QIAGEN GmbH,
Germany).

Y haplotype analysis

The haplotype analysis of the Y chromosome was per-
formed by the method reported previously (Shinka et al.
1999). In brief, this method determines the DNA types by
PCR-SSCP, PCR-RFLP, and PCR for three polymorphic
loci, SRY, DXYS5Y (47z/Stu I), and DYS287 (YAP). By
the combination of these three polymorphisms, Y chromo-
somes were classified into four Y haplotypes: I, II, III, and
IV.

Statistical methods

Statistical analyses were done on a computer using
Microsoft Excel and HALBAU (High-quality Analysis Li-
braries for Business and Academic Users) software (Yanai
et al. 1991). For sperm concentrations, most of the analyses
were processed using the value transformed by a logarithm
(Berman et al. 1996). The mean sperm concentrations were
evaluated and compared by one-way and two-way analysis
of variance, and their differences were compared by
Bonferroni’s multiple comparison. The prevalence of
azoospermia in haplotypes was examined by the chi-square
test.

Results

We examined the haplotypes and sperm concentration of
198 normal fertile men who participated in this study as
volunteers. Haplotype analysis revealed that they consisted
of 94 males of haplotype I, 44 of haplotype II, 19 of haplo-
type III, and 41 of haplotype IV. Their mean age was 32.2 6
5.1 years old. Their frequency distribution by haplotypes
and mean sperm concentration (log-transformed) are pre-
sented in Table 1, and their distribution is shown as a
histogram in Fig. 1. Sperm concentration is indicated as
log-transformed value for clarifying the difference in distri-
bution (Berman et al. 1996). In the range under 1 3 107,
there are 13 men with haplotypes I and II, but only 1 man
with haplotype III and no one with haplotype IV.
Haplotypes I and II have normal distributions, while the
distributions of haplotypes III and IV are biased toward
higher sperm concentrations.

We classified these 198 subjects into three groups for
statistical analysis: those with haplotype I as group A, hap-
lotype II as group B, and haplotypes III and IV as group C.
We gathered haplotypes III and IV into one group because
of our previous finding that both haplotypes are derived
from a common ancestor (Shinka et al. 1999). The mean
sperm concentration of each group is shown in Table 2.
In total, the mean sperm concentration of group B was
83.42 6 71.23, which was significantly lower than that of
group C (P 5 0.008). The differences between groups A and
B (P 5 0.054) or between groups A and C (P 5 0.285) were
not statistically significant with these sample numbers. To
test the effect of age, we classified the males into two
categories using 30 years of age as the cutoff point. Below

Table 1. The Y haplotype frequency and mean sperm concentration
in normal fertile men

Sperm concentrationSamples
[mean 6 SD (3 106/ml)]

Number (%) (log-transformed)

Haplotype I 94 (47.5) 103.59 6 84.43 (1.85 6 0.42)
Haplotype II 44 (22.2) 83.42 6 71.23 (1.70 6 0.54)
Haplotype III 19 (9.6) 119.87 6 68.92 (1.96 6 0.37)
Haplotype IV 41 (20.7) 109.05 6 82.71 (1.91 6 0.34)

Total 198 (100.0) 101.80 6 80.64 (1.84 6 0.44)

Table 2. Mean sperm concentration of fertile males in different age
groups

Below 30 years Above 30 years Total

Group A 105.60 6 86.38 102.10 6 82.92 103.59 6 84.43
(n 5 40) (n 5 54) (n 5 94)

Group B 102.29 6 70.01 71.53 6 69.40* 83.42 6 71.23**
(n 5 17) (n 5 27) (n 5 44)

Group C 88.74 6 56.49 126.22 6 86.22 112.48 6 78.77
(n 5 22) (n 5 38) (n 5 60)

Total 100.19 6 75.99 102.87 6 83.57 101.80 6 80.64
(n 5 79) (n 5 119) (n 5 198)

*, P 5 0.001, **, P 5 0.008, between groups B and C
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the age of 30, no significant differences were detected
among the haplotypes. Surprisingly, above the age of 30, the
mean sperm concentration in group B (71.53 6 69.40) was
much lower than that of the others (P 5 0.001). In contrast,
sperm concentration of group C increased after 30 years
old.

In our previous study, we examined DNA samples from
men with azoospermia of unknown causes and showed that
almost one-tenth of the patients had a deletion in interval 6
of the Y chromosome long arm (Kobayashi et al. 1994).
Therefore, we categorized azoospermic patients in this
study as with or without this deletion. The haplotypes were
determined for 106 azoospermic men with no Y chromo-
some deletions and 156 fertile men as controls from two
different districts, Kanagawa and Osaka (Table 3). Statisti-
cal analysis by the chi-square test showed a significant dif-
ference between groups B and C (P 5 0.03). The odds ratio
of group B against group C was 2.05 with a confidence
interval of 0.996–4.235, which means that group B has twice
the risk of becoming azoospermic as group C. Haplotype
analysis of 11 azoospermic patients with a deletion showed
6 were haplotype I, 3 were haplotype II, 2 were haplotype
IV, and none were haplotype III.

Discussion

This study showed that sperm concentration may be af-
fected by genes on the Y chromosome. We found two points
of interest. First, in the analysis of the normal fertile men,
the mean sperm concentration of those having Y chromo-
some haplotype II was significantly lower than those who
have Y chromosome haplotypes III and IV (P 5 0.008).
Second, the frequency of azoospermia was higher in men
having haplotype II.

Recently, it has been reported that a sperm concentra-
tion of 40 3 106 sperm/ml or lower is associated with a low
likelihood of pregnancy, and this level has been recom-
mended to be considered as the threshold between
subfertile and fertile men (Bonde et al. 1998). In the present
study, the proportion of men whose sperm concentration
was less than 40 3 106 sperm/ml was 34% of the males with
haplotype II, while it was 27% in haplotype I and 17% in
haplotypes III and IV. Thus, men with haplotype II are
more liable to become subfertile.

Spermatogenesis involves several complex processes,
and there are many factors that may affect each step during

Fig. 1. Histogram of sperm con-
centration transformed by loga-
rithms. Sperm concentration is
indicated as log-transformed
value based on 107; e.g., 1 is
equal to 1 3 107/ml, 2 is equal to
1 3 108/ml

Table 3. The occurrence of azoospermia in different groups

Number of samples from Number of samples from
Kanagawa Osaka

Azoospermia Control Azoospermia Control Odds ratio

Group A 19 (45%) 50 (43%) 28 (44%) 17 (44%) 1.52
Group B 15 (36%) 30 (25%) 20 (31%) 7 (18%) 2.05*
Group C 8 (19%) 37 (32%) 16 (25%) 15 (38%) 1.00

Total 42 (100%) 117 (100%) 64 (100%) 39 (100%)

*, P 5 0.034 between groups B and C
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sperm maturation. Other than environmental factors, how-
ever, the role of genetic factors must not be underestimated.
Here, we focused on the differences of sperm concentra-
tions among the Y chromosome types according to the hy-
pothesis that Y chromosomes from different lineages have
different constituent genes involved in spermatogenesis.

As expected, we found Y chromosome lineage correlates
with sperm count and the incidence of azoospermia. These
results can be explained in two ways. Sperm productivity is
affected by Y chromosome structure, or different Y chro-
mosomes differ in their ability to resist environmental fac-
tors that deteriorate sperm quality. In azoospermic patients,
two candidate genes for azoospermia, RBM (Ma et al. 1993)
and DAZ (Reijo et al. 1995), have been shown to be located
on the Y chromosome. They exist as multiple gene families,
and each copy is scattered over the Y chromosome, mainly
on the distal region of the long arm (Yen 1998). The maps
of the yeast artificial chromosomes (YACs) in this region
showed a discrepancy between the YACs of different origin
(Yen 1998), which indicated that the constitution of the
genes was different among males. Structural differences in
the Y chromosome may play an important role in the deter-
mination of sperm concentration.

This is the first report that correlates sperm concentra-
tion and the type of Y chromosome. If the different male
lineages have different reproductive potential, the Y chro-
mosome type is one of the most important factors in pursu-
ing human male dispersion and in foreseeing the future of
present males. Further investigation on the Y chromosome
structure (Y chromosome genome project) is needed to
evaluate this hypothesis.
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