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Introduction

During the past few years, several studies addressed the

issue of geographic differences in semen quality. A signifi-

cant amount of data available come from the Baltic area,

showing higher sperm concentration in Finland, Estonia,

Lithuania and Latvia than in Denmark and Norway (Jor-

gensen et al., 2002; Punab et al., 2002; Tsarev et al.,

2005). Whether these differences could be caused by gen-

etic, environmental and ⁄ or lifestyle-related factors is still

an unresolved question.

Several studies have addressed a possible association

between semen quality and androgen receptor (AR) gene

polymorphisms. There are two trinucleotide tracts of

polymorphic length in the transactivating domain of the

AR, consisting of CAG and GGN repeats respectively

(Lubahn et al., 1988). Some reports have indicated asso-

ciations between longer CAG tracts, within the normal

range, and decreased semen quality or male infertility

(Tut et al., 1997; Dowsing et al., 1999; Mifsud et al.,

2001; Milatiner et al., 2004; Katagiri et al., 2006),

whereas others have not found such correlations (Giw-

ercman et al., 1998; Dadze et al., 2000; Rajpert-De Meyts

et al., 2002; Van Golde et al., 2002). It has also been

suggested that AR polymorphisms per se are not the

cause of male infertility, but that certain lengths or com-

binations of these repeats might increase susceptibility to

impairment of sperm production caused by other gen-

etic, environmental or lifestyle-related factors (Ruhayel

et al., 2004).
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Summary

Recent studies on young men from the general population have demonstrated

geographic and ethnic differences in semen quality. The aim of this study was

to investigate whether reported ethnic differences in semen quality might be

associated with the maternally derived CAG and GGN polymorphisms in the

androgen receptor gene or paternal ethnicity. In total 114 military conscripts

from Latvia were included in the study. Information on maternal and parental

ethnicity was collected by questionnaires. CAG and GGN repeats were analysed

by direct sequencing of leukocyte DNA. Men with Latvian mothers (n = 83)

had marginally shorter CAG repeat length (21.6 ± 2.9) as compared with those

with non-Latvian mothers (22.9 ± 3.2, n = 31), not reaching statistical signifi-

cance (p = 0.053). Sperm concentration did not differ significantly between

these two groups (76 ± 59 and 70 ± 52, p = 0.9 respectively). In contrast, sig-

nificantly higher sperm concentration and total sperm count were found in

men with Latvian fathers (n = 77) as compared with men with non-Latvian

fathers (n = 37) (80 ± 61 vs. 62 ± 48, p = 0.035, for sperm concentration and

225.7 ± 209 vs. 158.4 ± 134.4, p = 0.002, for total sperm count respectively).

CAG repeat length did not correlate with any semen parameters in the whole

population. However, GGN repeat length correlated with semen volume: men

with GGN > 23 presented with higher semen volume (3.2 ± 2.1) as compared

with men with GGN = 23 (2.6 ± 1.3, p = 0.04) or GGN < 23 (2.0 ± 1.2,

p = 0.006). We conclude that GGN repeat length has an impact on semen vol-

ume, whereas differences in sperm numbers are associated with the paternal

ethnicity.
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Ethnic differences in CAG repeat numbers in the AR

gene have been demonstrated, with a mean length of 19

to 20 in African-Americans, 21 to 22 in Caucasians and

23 to 24 in Asians (Sartor et al., 1999; Hsing et al., 2000;

Ruhayel et al., 2004). However, there are no data showing

corresponding differences in semen quality in these ethnic

groups with a direct link to the AR polymorphisms.

In Latvia, 41% of the population is non-Latvian, a major-

ity of them being of Russian origin. In a recent study on

Latvian military conscripts, we found significantly higher

sperm concentration in men with both parents born in Lat-

via (77 ± 60 · 106 ⁄ mL) compared with men with both

parents born outside the Baltic area (55 ± 45 · 106 ⁄ mL,

p = 0.03) (Tsarev et al., 2005). Because of the ethnic mix-

ture of native and Russian populations that might differ in

genetic aspects, but live under the same environmental

conditions; Latvia represents an interesting model for

studying the relative influence of genetic and environmen-

tal factors on semen quality. We aimed to investigate whe-

ther differences in the AR polymorphisms could explain

the above-mentioned differences in sperm concentration.

The association between the paternal ethnicity and semen

quality was also assessed.

Materials and methods

A total of 1557 men attending the military service board

in Riga from April 2001 until May 2002 were asked to

participate. Among them, 133 (participation rate 8.7%)

accepted to participate in the study. As all men at the age

of 19 must attend the military service board in Latvia,

whether or not eligible, they can be considered to repre-

sent the general population of young men. Every partici-

pant filled in a standardized questionnaire, used in

previous studies in the Nordic–Baltic area (Jorgensen

et al., 2002). The questionnaire included information

about the birthplace of the subject and parental ethnicity.

A total of 27% of men had non-Latvian mothers, and

32% had non-Latvian fathers.

All men also delivered a semen sample. The current

study was limited to the 114 men who also agreed to pro-

vide a blood sample for analysis of the AR polymorphisms.

All subjects signed a written consent form and the

study was approved by the local ethical committee.

Semen analysis

Each man provided a semen sample by masturbation.

The men were asked to adhere to 48–168 h of abstinence,

but in each case, the actual abstinence period from the

previous ejaculation time (in hours) was recorded. Sam-

ples were allowed to liquefy for 30 min. All semen

samples were analysed by the same technician, according

to published recommendations (World Health Organi-

zation, 1999). Sperm concentration was assessed using

positive displacement pipettes and improved Neubauer

haemocytometer. Semen volume was determined by esti-

mation from graduated Falcon tubes, whereas the motility

of 200 spermatozoa was scored into four categories: rapid

progressive, slow progressive, non-progressive motile and

immotile.

Genetic analysis

DNA was extracted from leukocytes, and AR gene repeat

tracts were amplified using a nested PCR amplification pro-

cedure as previously described (Lundin et al., 2003). The

numbers of CAG and GGN repeats were obtained by direct

sequencing externally on a Beckman Coulter CEQTM 2000

XL DNA sequencer (Beckman Coulter Inc., Bromma,

Sweden). The CAG repeat was sequenced in all men,

whereas 99 ⁄ 114 (87%) of the men were analysed regarding

their GGN tracts.

Statistical analysis

Results were expressed as mean ± SD. As the AR is

located on the X chromosome, the 114 men with avail-

able AR gene polymorphism data were divided into two

groups according to maternal ethnicity: men with Latvian

mothers (n = 83) and those with non-Latvian mothers

(n = 31). Regions outside of Latvia from which the moth-

ers originated included Russia (n = 23), Ukraine (n = 5)

and Byelorussia (n = 3). To assess the impact of paternal

ethnicity, men were additionally divided into two groups

according to their fathers’ ethnicity: men with Latvian

fathers (n = 77) and men with non-Latvian fathers

(n = 37). Non-Latvian fathers originated from Russia

(n = 27), Ukraine (n = 7) and Byelorussia (n = 3).

The influence of ethnic origin and AR polymorphisms

on sperm concentration, total sperm count, semen vol-

ume and proportion of progressively motile sperms were

analysed in general linear regression models, adjusted for

the abstinence time. Abstinence time was categorized into

four groups: (i) <48 h; (ii) 48–71 h; (iii) 72–96 h and

(iv) >96 h. Sperm concentration and total sperm counts

were additionally adjusted for the testis volume. Influence

of maternal ethnicity was additionally adjusted for pater-

nal ethnicity and vice versa.

The CAG repeat length was treated as continuous vari-

able, whereas the GGN length was categorized into three

groups: GGN < 23 (n = 16), GGN = 23 (n = 55) and

GGN > 23 (n = 28). Fisher’s exact test was applied for test-

ing differences in proportions between different groups.

All hypotheses testing were two-sided with a probabil-

ity value of 0.05 considered as significant. Analyses were
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conducted with SPSS 11.0 for Windows (SPSS Inc.,

Chicago, IL, USA).

Results

AR polymorphisms and maternal ethnicity

The CAG repeat length in the whole population varied

from 16 to 29 with a mean value of 22.0 ± 3.05 (Fig. 1).

As previously published, the two most common GGN al-

leles among Caucasians, 23 and 24, were also the most

frequent alleles in our study population (Fig. 2).

When men were divided into two groups according to

maternal ethnicity, those with Latvian mothers exhibited

marginally shorter CAG repeat length as compared with

those with non-Latvian mothers (21.6 ± 2.9 vs.

22.9 ± 3.2), not reaching statistical significance

(p = 0.053) (Table 1).

The GGN > 23 occurred almost with the identical fre-

quency in subjects with Latvian vs. non-Latvian mothers

(22 and 23%, p = 1.0) and also GGN = 23 and <23 were

not statistically different between these two sub-popula-

tions (61% vs. 46%, p = 0.24; 16% vs. 31%, p = 0.15

respectively) (Fig. 2).

Ethnicity and semen parameters

Sperm concentration was somewhat higher in the group

having Latvian mothers as compared with those with

non-Latvian mothers. This difference, however, did not
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Figure 1 Bar chart displaying distributions of the lengths of the CAG

repeat tracts in men with Latvian mothers (n = 83, black bars) and

men with non-Latvian mothers (n = 31, white bars).
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Figure 2 Bar chart displaying distributions of the lengths of the GGN

repeat tracts in men with Latvian mothers (n = 70, black bars) and

men with non-Latvian mothers (n = 29, white bars).

Table 1 Association between maternal ethnicity, CAG repeat length

and sperm concentration

CAG repeat l

ength (mean ± SD)

Sperm concentration

(106 ⁄ mL; mean ± SD)

Men with Latvian

mother (n = 83)

21.6 ± 2.9 76 ± 59

Men with non-Latvian

mother (n = 31)

22.9 ± 3.2 70 ± 52

p-value 0.053 0.9
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reach the level of statistical significance (Table 1). There

was no difference between these two groups regarding the

total sperm count, the seminal volume and sperm motil-

ity.

Paternal ethnicity was significantly associated with

sperm concentration, higher sperm concentrations seen in

men with Latvian fathers as compared with men

with non-Latvian fathers (80 ± 61 · 106 ⁄ mL vs.

62 ± 48 · 106 ⁄ mL, p = 0.035) (Table 2). Also the total

sperm count was higher in the former group as compared

with the latter (226 ± 209 vs. 158 ± 134, p = 0.002)

(Table 2). No association was found between paternal

ethnicity and semen volume or sperm motility.

AR polymorphisms and semen parameters

In linear regression analysis, only paternal ethnicity

(p = 0.035) and abstinence time (p = 0.04) were found as

significant factors for sperm concentration; CAG repeat

length (and maternal ethnicity as well) did not exhibit

any significance for sperm numbers. There was no differ-

ence in sperm concentration between men with short

(<22, n = 55) and long (‡22, n = 59) CAG repeats:

79 ± 52 · 106 ⁄ mL vs. 69 ± 62 · 106 ⁄ mL, p = 0.6, and we

did not find any association between CAG repeat length

and semen volume, total sperm count or sperm motility.

Regarding the GGN repeat, no association between

GGN length and sperm concentration, total sperm count

or motility was noted. However, when the relationship

between distinct GGN repeat length and semen volume

was studied, there was no difference in semen volume

between men with GGN < 23 (2.0 ± 1.2, n = 16) and

GGN = 23 (2.6 ± 1.3, n = 55), but seminal volume was

significantly higher in men with GGN > 23 (3.2 ± 2.1,

n = 28) as compared with those with GGN < 23

(p = 0.006) and those with GGN = 23 (p = 0.04).

Three men (3%), two with both parents of Latvian ori-

gin and one with Byelorussian parents, had one addi-

tional GGT repeat: (GGT)3GGG(GGT)3(GGC)n instead of

(GGT)3GGG(GGT)2(GGC)n. Each of the internal (GGT)3

variant was followed by a (GGC)20 segment in all three

men. These subjects had normal semen parameters and

nothing remarkable in their medical history. If these three

subjects, all exhibiting GGN = 27 were excluded from the

GGN > 23 group, the significant difference in seminal

volume between this group and those displaying

GGN = 23 disappeared (3.1 ± 2.2, p = 0.09). However,

exclusion of the three longest alleles did not affect the

relation in terms of different semen volume between

GGN > 23 and GGN < 23, men with GGN > 23 still hav-

ing significantly higher seminal volume (3.1 ± 2.2,

p = 0.01).

Discussion

This is, to our knowledge, the first report investigating

whether reported ethnic differences in semen quality

(sperm concentration) can be associated with differences in

maternally derived AR gene polymorphisms or paternal

ethnicity. With respect to the AR, we found a borderline

significant difference for CAG tract in men with Latvian

mothers as compared with men with non-Latvian mothers,

and also no significant difference in sperm concentration

between these two groups. It cannot be excluded that it

may be attributed to the limited size of the study; therefore,

these results should be interpreted cautiously especially tak-

ing into account the borderline level of significance.

There was no difference in GGN repeat length distribu-

tions between men with Latvian and non-Latvian moth-

ers, and no association between GGN repeat numbers

and sperm concentration. However, a correlation was

found between GGN length and semen volume. This is in

line with previous observations (Lundin et al., 2006).

Because secretions from prostate and seminal vesicles are

the main contributors to the seminal volume, this obser-

vation is confirming previously published data that GGN

repeat length is associated with accessory sex gland secre-

tory function (Ruhayel et al., 2004). Similarly to the pre-

vious findings in Swedish men (Lundin et al., 2006), we

found the most pronounced difference in semen volume

between those with GGN < 23 and those having

GGN ‡ 24. In a recently published paper (Lundin et al.,

2007), we found that GGN lengths below 23 are, in vitro,

associated with the lowest AR activity, which fits well

with the results of this study. On the other hand, lengths

above 23 in vitro were associated with slightly lower AR

activity, as compared with GGN = 23, something which

does not fit with our in vivo results of this study. This

contradiction might be because of the influence of other

genetic factors in an in vivo situation.

A polymorphism in the AR GGT region in 3% of the

men was observed, which is a higher fraction than earlier

reported (Lundin et al., 2003).

Contrary to maternal ethnicity, paternal ethnicity was

demonstrated as a significant factor for both sperm

concentration and total sperm count, with higher sperm

Table 2 Association between paternal ethnicity and sperm counts

Sperm concentration

(106 ⁄ mL; mean ± SD)

Total sperm count

(106) (mean ± SD)

Men with Latvian

father (n = 77)

80 ± 61 226 ± 209

Men with non-Latvian

father (n = 37)

62 ± 48 158 ± 134

p-value 0.035 0.002
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numbers in men with Latvian fathers as compared with

those with non-Latvian fathers. The design of the study

does not allow any identification of possible paternal fac-

tors, which might imply higher sperm counts in sons of

Latvian men. Genetic differences in Y chromosome haplo

groups between Latvians and Eastern ⁄ Central European

nations like Russians have been shown (Rosser et al.,

2000; Tambets et al., 2004), which might be one of the

possible explanations for the observed association between

sperm number and the ethnicity of the father. Unfortu-

nately, we were not able to run Y chromosome haplo

types because we were out of both DNA and blood sam-

ples in more than half of study subjects.

Participation rate in this study was quite low (8.7%).

However, low participation rate is typical for the studies

of the military conscripts, also in the other countries

(Richthoff et al., 2002). It can be expected that men at

the age of 19 have no knowledge of their reproductive

capability. The low participation rate should, therefore,

not imply any selection bias with respect to fertility. In

addition, 27% of men in this study had non-Latvian

mothers and 32% had non-Latvian fathers, and these fig-

ures correspond to the figures of the ethnical background

of young men in Latvia from the general population. We,

therefore, assume that the ethnincity as such did not also

play any role for the participation in the study.

In conclusion, our study demonstrated that the differ-

ences in sperm numbers found among young men from

Latvia were associated with paternal ethnicity. With

respect to the AR, higher seminal volume was found in

men with long GGN tracts, but no other associations with

seminal parameters were observed.

Acknowledgements

The authors are grateful to Camilla Anderberg, Susanne

Lundin and Indra Dundure for their technical assistance

in the genetic analyses, to Solveiga Hlevicka for perform-

ing semen analyses and to Roger Alston for the English

editing. The study was supported by grants from Swedish

Research Council (Grant No. 521-2004-6072), Swedish

government founding for clinical research, The Swedish

Childhood Cancer Society (Grant No. RKT04 ⁄ 001and

05 ⁄ 056) and Gunnar Nilsson Cancer Fund.

References

Dadze, S., Wieland, C., Jakubiczka, S., Funke, K., Schroder, E.,

Royer-Pokora, B., Willers, R. & Wieacker, P. F. (2000) The

size of the CAG repeat in exon 1 of the androgen receptor

gene shows no significant relationship to impaired sperma-

togenesis in an infertile Caucasoid sample of German origin.

Molecular Human Reproduction 6, 207–214.

Dowsing, A. T., Yong, E. L., Clark, M., McLachlan, R. I., de

Kretser, D. M. & Trounson, A. O. (1999) Linkage between

male infertility and trinucleotide repeat expansion in the

androgen-receptor gene. Lancet 354, 640–643.

Giwercman, Y. L., Xu, C., Arver, S., Pousette, A. & Reneland,

R. (1998) No association between the androgen receptor

gene CAG repeat and impaired sperm production in Swe-

dish men. Clinical Genetics 54, 435–436.

Hsing, A. W., Gao, Y. T., Wu, G., Wang, X., Deng, J., Chen,

Y. L., Sesterhenn, I. A., Mostofi, F. K., Benichou, J. &

Chang, C. (2000) Polymorphic CAG and GGN repeat

lengths in the androgen receptor gene and prostate cancer

risk: a population-based case-control study in China. Cancer

Research 60, 5111–5116.

Jorgensen, N., Carlsen, E., Nermoen, I., Punab, M., Suominen,

J., Andersen, A. G. et al. (2002) East-West gradient in semen

quality in the Nordic-Baltic area: a study of men from the

general population in Denmark, Norway, Estonia and

Finland. Human Reproduction 17, 2199–2208.

Katagiri, Y., Neri, Q. V., Takeuchi, T., Moy, F., Sills, E. S. &

Palermo, G. D. (2006) Androgen receptor CAG polymorph-

ism (Xq11-12) status and human spermatogenesis: a pros-

pective analysis of infertile males and their offspring

conceived by intracytoplasmic sperm injection. International

Journal of Molecular Medicine 18, 405–413.

Lubahn, D. B., Joseph, D. R., Sar, M., Tan, J., Higgs, H. N.,

Larson, R. E., French, F. S. & Wilson, E. M. (1988) The

human androgen receptor: complementary deoxyribonucleic

acid cloning, sequence analysis and gene expression in

prostate. Molecular Endocrinology 2, 1265–1275.

Lundin, K. B., Giwercman, A., Richthoff, J., Abrahamsson, P. A.

& Giwercman, Y. L. (2003) No association between mutations

in the human androgen receptor GGN repeat and inter-sex

conditions. Molecular Human Reproduction 9, 375–379.

Lundin, K. B., Giwercman, Y. L., Rylander, L., Hagmar, L. &

Giwercman, A. (2006) Androgen receptor gene GGN repeat

length and reproductive characteristics in young Swedish

men. European Journal of Endocrinology 155, 347–354.

Lundin, K. B., Giwercman, A., Dizeyi, N. & Giwercman, Y. L.

(2007) Functional in vitro characterisation of the androgen

receptor GGN polymorphism. Molecular and Cellular

Endocrinology 264, 184–187.

Mifsud, A., Sim, C. K., Boettger-Tong, H., Moreira, S., Lamb,

D. J., Lipshultz, L. I. & Yong, E. L. (2001) Trinucleotide

(CAG) repeat polymorphisms in the androgen receptor

gene: molecular markers of risk for male infertility. Fertility

and Sterilility 75, 275–281.

Milatiner, D., Halle, D., Huerta, M., Margalioth, E. J., Cohen, Y.,

Ben-Chetrit, A., Gal, M., Mimoni, T. & Eldar-Geva, T. (2004)

Associations between androgen receptor CAG repeat length

and sperm morphology. Human Reproduction 19, 1426–1430.

Punab, M., Zilaitiene, B., Jorgensen, N., Horte, A., Matulevi-

cius, V., Peetsalu, A. & Skakkebaek, N. E. (2002) Regional

differences in semen qualities in the Baltic region. Interna-

tional Journal of Andrology 25, 243–252.

J. Erenpreiss et al. AR polymorphism, ethnicity of parents and semen quality in men from Latvia

ª 2007 The Authors
Journal compilation ª 2007 European Academy of Andrology • International Journal of Andrology 31, 477–482 481



Rajpert-De Meyts, E., Leffers, H., Petersen, J. H., Andersen, A.

G., Carlsen, E., Jorgensen, N. & Skakkebaek, N. E. (2002)

CAG repeat length in androgen-receptor gene and reproduc-

tive variables in fertile and infertile men. Lancet 359, 44–46.

Richthoff, J., Rylander, L., Hagmar, L., Malm, J. & Giwercman,

A. (2002) Higher sperm counts in Southern Sweden

compared with Denmark. Human Reproduction 17, 2468–

2473.

Rosser, Z. H., Zerjal, T., Hurles, M. E., Adojaan, M., Alavantic,

D., Amorim, A. et al. (2000) Y-chromosomal diversity in

Europe is clinal and influenced primarily by geography,

rather than by language. American Journal of Human

Genetics 67, 1526–1543.

Ruhayel, Y., Lundin, K., Giwercman, Y., Hallden, C., Willen,

M. & Giwercman, A. (2004) Androgen receptor gene GGN

and CAG polymorphisms among severely oligozoospermic

and azoospermic Swedish men. Human Reproduction 19,

2076–2083.

Sartor, O., Zheng, Q. & Eastham, J. A. (1999) Androgen

receptor gene CAG repeat length varies in a race-specific

fashion in men without prostate cancer. Urology 53,

378–380.

Tambets, K., Rootsi, S., Kivisild, T., Help, H., Serk, P., Loog-

vali, E. L. et al. (2004) The western and eastern roots of the

Saami-the story of genetic ‘outliers’ told by mitochondrial

DNA and Y chromosomes. American Journal of Human

Genetics 74, 661–682.

Tsarev, I., Gagonin, V., Giwercman, A. & Erenpreiss, J. (2005)

Sperm concentration in Latvian military conscripts as

compared with other countries in the Nordic-Baltic area.

International Journal of Andrology 28, 208–214.

Tut, T. G., Ghadessy, F. J., Trifiro, M. A., Pinsky, L. &

Yong, E. L. (1997) Long polyglutamine tracts in the

androgen receptor are associated with reduced trans-acti-

vation, impaired sperm production, and male infertility.

Journal of Clinical Endocrinology and Metabolism 82,

3777–3782.

Van Golde, R., Van Houwelingen, K., Kiemeney, L., Kremer,

J., Tuerlings, J., Schalken, J. & Meuleman, E. (2002) Is

increased CAG repeat length in the androgen receptor gene

a risk factor for male subfertility? Journal of Urology 167,

621–623.

World Health Organization (1999) WHO Laboratory Manual

for the Examination of Human Semen and Semen-Cervical

Mucus Interaction, 4th edn. Cambridge University Press,

Cambridge, UK.

AR polymorphism, ethnicity of parents and semen quality in men from Latvia J. Erenpreiss et al.

482
ª 2007 The Authors

Journal compilation ª 2007 European Academy of Andrology • International Journal of Andrology 31, 477–482


