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Abstract

Background: This is the first large-scale Russian study describing semen quality and
reproductive hormone levels among young men.

Objectives: The aim of the study was to compare semen quality and reproductive
hormone levels in young men of four cities and three ethnic groups living in the
Siberian region of Russia and to find out ethnic or environmental reasons for regional
differences.

Materials and methods: The study population consisted of 1291 young men from
Novosibirsk, Kemerovo, Ulan-Ude, and Yakutsk, including 1013 men of three most
numerous ethnic groups: Slavs, Buryats, and Yakuts. Each participant provided one
sperm and blood sample, information about lifestyle and ethnicity. Anthropometric
parameters, semen quality and reproductive hormone levels, were evaluated.
Results: Significant regional and ethnic differences were detected for semen and
reproductive hormone parameters. Median sperm concentrations in Novosibirsk,
Kemerovo, Ulan-Ude, and Yakutsk were 54.6, 39.9, 34.7, 33.1 x 10%/ml; total sperm
counts—202.5, 138.7, 97.9, 93.4 x 10%; percentages of morphologically normal sper-
matozoa—7.8%, 6.5%, 6.3%, 5.0%, respectively. Median sperm concentrations in
Slavs, Buryats, and Yakuts were 43.7, 37.0, 30.6 x 10%/ml; total sperm counts—150.0,
102.3 and 74.8 x 10°% percentages of morphologically normal spermatozoa—6.8%,
6.8%, 4.8%, respectively.

Discussion: The young men in Novosibirsk and Kemerovo, populated by Slavs, had
a higher semen quality compared to Ulan-Ude and Yakutsk, populated by Buryats
and Yakuts, apparently due to the higher testicular function in Slavic compared to
Asian ethnicity. Impaired spermatogenesis in young men in Kemerovo compared to
Novosibirsk, located in the same climatic zone and having a socio-cultural and ethnic
identity, may be due to the influence of a polluted environment.

Conclusion: The findings suggest that ethnic composition and environment may be

responsible for regional differences in semen and reproductive hormone parameters.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

At present, there is a considerable rising of interest in male reproduc-
tive health. A number of important new discoveries have stimulated
increased interest in the problem of male fertility. Recent studies and
comprehensive meta-analyses have provided significant evidence of
a temporary trend of declining semen quality and increasing preva-
lence of male infertility, as well as similar adverse trends for other
male urological diseases including hypospadias, cryptorchidism, and
testicular cancer.' In some populations, semen quality reached a
level where a significant proportion of men of reproductive age was
at risk of subfertility or infertility. Moreover, it has been shown that
impaired semen quality or male infertility may be associated with
shorter life expectancy and increased morbidity.!* ™3

A number of studies in the United States and Europe have
shown regional differences in semen quality, reproductive hormone
levels, and the prevalence of certain diseases associated with the
male reproductive system.14'25 Despite a large number of studies,
the reasons for the regional variability of male fertility parameters
are not fully clear due to their multiplicity and interaction with each
other. The results of comparative epidemiological studies of semen
quality in many countries and regions of the world indicate a multi-
factor reason for regional differences, suggesting that environmen-
tal, climatic, genetic, and individual lifestyle factors can determine
spermatogenic potential and reproductive neuroendocrine sys-
tem,>1>2527 put there are limited data to identify specific causes of
regional differences already recorded.

Most epidemiological studies of semen quality included par-
ticipants with proven fertility (male partners of pregnant women),
sperm donors, and male partners from infertile couples or young
men recruited during military conscription.'”28-34 Although these
studies did not provide information about the semen quality of the
general population, since subfertile men were underrepresented and
infertile men were not included, they were very useful in demon-
strating regional differences; now, they can serve as reference or
starting points for research of other male populations around the

world.'® Because in the studies on conscripts,t>16:28:34

participants
were young, looked generally healthy, and had virtually no prior in-
formation about their own fertility or semen quality, the conscript
population can be considered partially representative of the general
population.

From the point of view of regional differences, the study of
semen quality and reproductive hormones based on random samples
from the general population deserves more attention, since it more
accurately reflects the male fertility potential of the population. In
recent years, a number of studies have studied semen quality and
reproductive hormones in men from the general population, which

also confirmed the existence of regional differences both between

countries and between regions in the same country.??2%3°%7 The

authors noted that the study groups of young men from the general
population were usually characterized by lower semen quality than
men with proven fertility, since some of the young men were sub-
fertile or infertile, but such men were not included in the studies of
fertile men.*®

Some authors suggest that the ethnicity of men living in differ-
ent geographical locations may contribute to regional differences
in spermatozoa and hormonal parameters, but very few studies
have focused on the influence of ethnic or race factors on regional
differences in semen quality and hormonal profile.?3%8-42 Several
European and USA studies were carried out on participants of dif-
ferent ethnicities, but ethnic differences were not discussed rig-
orously, often because too small number of participants in ethnic
groups.18:24254344

Systematic population-based studies of semen quality were con-
ducted mainly in the Scandinavian countries or in the United States,
but the geography of research was constantly expanding. Regional
studies of semen quality have a long tradition in both Europe and
North America, but there is a substantial gap in our knowledge of
male fertility potential in different regions of the Russian Federation.
In particular, there are very scarce data on semen quality and repro-
ductive hormone patterns in men residing in the Siberian region of
Russia. The population living within this area is ethnically diverse and
preserves its national socio-cultural traditions and customs, but it is
affected by various factors such as climate, urbanization, level of in-
dustrialization, and environmental pollution. The Siberian region of
the Russian Federation is inhabited by many indigenous peoples and
immigrants of Slavic origin, as well as descendants of a mixture of
indigenous and Slavic ethnic groups, presenting an interesting model
for studying the relative impact of ethnicity, lifestyle, and environ-
ment on male fertility, including semen quality and endocrine status.

Although previous studies have established regional differences
in semen quality and reproductive hormone levels in men from Baltic
countries, the United States and China, this is the first large-scale
Russian study to compare semen quality and reproductive hormone
levels in young men from different Siberian regions and to clarify the
ethnic and environmental reasons for the observed regional differ-
ences. Here, we present the results of prospective population-based
study of men from four Siberian cities of the Russian Federation. The
first aim of this study was to examine regional differences in semen
parameters (semen volume, sperm concentration, total sperm count,
sperm motility, and normal morphology) and reproductive hormone
levels (testosterone, estradiol, follicle-stimulating hormone, luteiniz-
ing hormone, inhibin B) in young males from the general population.
Since the regional variability of semen and hormonal parameters
may be due to the different ethnicity (genetic background) of cit-

izens or the unfavorable environmental situation in the compared
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regions, we aimed to find out the ethnic or environmental reasons
for regional differences. The last aim was to establish ethnic influ-
ences on semen and endocrine parameters by comparing ethnically
homogenous groups living compactly in different geographic loca-
tions of Siberia. Additionally, we compared our semen data with the
normal values recommended World Health Organization's fifth edi-
tion guidelines,*® and with similar data obtained in other countries.

2 | MATERIALS AND METHODS

2.1 | Geographical areas

For the present study, we selected four cities located in the Siberian
region. The cities of Novosibirsk and Kemerovo are located in
Western Siberia at a distance of 360 km from each other; they have
a predominantly Slavic population (approximately 94 and 95%, re-
spectively) and do not differ significantly in climate conditions and
lifestyle, but they are characterized by significant differences in the
environmental situation. The cities of Ulan-Ude and Yakutsk are
located in Eastern Siberia, while Yakutsk, located near the Arctic
Circle, is the coldest city in Russia and the world. Buryats make up
32% of the total population of Ulan-Ude, and Yakuts make up 43% of
the total population of Yakutsk. More detailed climatic, geographi-
cal, and ethnic characteristics of these cities are provided in the
Appendix S1. The study in Novosibirsk covered period: May 2009-
May 2014, in Kemerovo October 2009-March 2013, in Ulan-Ude
October 2009-April 2012; and in Yakutsk October 2010-June 2011.

2.2 | Study population

The study design and standardized recruitment protocol were the
same in the four cities. Male volunteers (n = 1291) from the general
population were enrolled in the study. Participants were informed
about the study by advertising on the Internet, on television, or at
special lectures on men's health, giving detailed information about
the purpose and objectives of the study. All participants were born
or lived for at least 3-5 years in cities where physical examination
was performed. Inclusion criteria for participation in the study were
absence of acute general diseases or chronicillness in an acute phase,
and genial tract infections. Each participant was asked about neces-
sity of sexual abstinence for 2-3 days before the examination; the
abstinence time was recorded according to the information given by
the participant before the time of the semen sample delivery. Some
young people had a period of abstinence less or longer than rec-
ommended, but their semen data were included in our data set. All
participants gave informed consent to participation in the examina-
tion. Each participant filled in a standardized questionnaire includ-
ing information on age, place of birth, self-identified nationality and
nationality of his parents and grandparents, family status, alcohol
consumption, tobacco smoking, profession, previous urological dis-

eases. The data of participants were stored anonymously. All study

subjects were voluntaries and did not receive any financial compen-
sation. The motivation for participating volunteers was based on a
desire to learn more about their fertility status and the incentive to
get the semen and hormonal results free of charge. The ethics com-
mittee of the Federal Research Center “Institute of Cytology and
Genetics,” the Siberian Branch of the Russian Academy of Sciences
approved the study.

2.3 | Physical examination

In each city, all participants were examined by the same experienced
andrologist and the results of examination were recorded. Current
urogenital disorders diagnosed at the examination included clini-
cal varicocele (grade |, Il, and Ill), chronic prostatitis, testicular and
epididymal cysts, hydrocele, epididymitis, hypospadias and cryptor-
chidism or consequences of surgical operation regarding cryptor-
chidism. Body weight (kg), height, waist, and hip circumference (cm)
were also determined. Body mass index (BMI, kg/mz) was calculated.
Testicular volume (ml) was estimated by a Prader orchidometer and
was presented as bitesticular volume (paired testicular volume). Age
calculated as the difference between year of attendance in study

and self-reported year of birth.

2.4 | Blood and sperm collection

Each participant provided both blood and semen sample. A fasting
blood sample from each participant was drawn from the cubital vein
immediately after the physical examination, but before the semen
sample was collected, between eight and eleven a.m., to reduce the
effect of diurnal variation in hormone levels, and centrifuged. The
serum samples were stored at ~40°C until an analysis. Semen sam-
ples were collected by masturbation into disposable sterile plastic

containers in the special private room.

2.5 | Semen analysis

The semen samples were analyzed for semen volume (ml), sperm con-
centration (x10%/ml), and morphology (percentage) according to the
WHO laboratory manual for the examination and processing of human
semen®; sperm progressive motility was determined using the auto-
matic sperm analyzer SFA-500 (Biola). The semen samples were kept
at 37°C for 1 h. for liquefaction. Ejaculate volume was estimated by
weighing the collection container and subtracting the weight of the
empty preweighed container, assuming that 1 ml of ejaculate weighs
1 g. To determine the sperm concentration, 100 pl of well-mixed ejacu-
late was diluted in 400 pl of a solution (5% NaHCO,; 0.35% formalde-
hyde; 0.025% trypan blue in distilled water). Staining was carried out for
1 h. at room temperature, after which the samples were stored in the
refrigerator at a temperature of +4°C for subsequent counting. Sperm

concentration was assessed using the Goryaev's hemocytometer
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under light microscope (magnification x400). The Goryaev's hemocy-
tometer is similar to the improved Neubauer hemocytometer recom-
mended by the WHO guidelines,* and it is widely used in reproductive
centers of Russia. Total sperm count was calculated by multiplying the
individual's sperm concentration by the ejaculate volume.

The principle of estimating the percentage of spermatozoa with
progressive motility in the native ejaculate using the SFA-500 auto-
matic sperm analyzer is based on the measurement of optical den-
sity fluctuations as a result of sperm movement through the optical
channel illuminated by a laser beam. Optical fluctuations are reg-
istered by a photodetector; the number of spermatozoa with rapid
progressive motility (velocity 225 um/sec, the WHO class A) and
with slow progressive motility (velocity = 5-25 um/sec, the WHO
class B) is calculated by special software. Sperm motility measure-
ments were carried out three times for each sample, and mean value
was calculated. More information on this device is provided in the
Appendix S1.

To assess the sperm morphology, ejaculate smears were pre-
pared, fixed with methanol, and stained using commercially available
Diff-Quick kits (Abris plus, Russia) according to the manufacturer's
manual. More information on using the Diff-Quick for staining ejac-
ulate smears for morphology evaluation is provided in the Appendix
S1. Two hundred spermatozoa were examined for morphology with
an optical microscope (Axio Skop.A1, Carl Zeiss) at x1000 magnifica-
tion with oil immersion, and the sperm anomalies were listed accord-
ing to the WHO guidelines.*® Sperm morphology evaluations were
done in duplicates in random and blinded order by a single trained
junior researcher, one of the authors (M.K.). Here, we report the per-

centage of morphologically normal spermatozoa (%).

2.6 | Hormone assay

Serum hormone concentrations were determined by enzyme
immunoassay using commercially available kits Steroid IFA-
Testosterone-01, Gonadotropin IFA-LH, Gonadotropin IFA-FSH
(Alkor Bio), Estradiol-IFA (Xema Medica), and Inhibin B Gen Il ELISA
(Beckman Coulter) according to manufacturer manuals. The ranges
of evaluated concentrations for total testosterone (T), estradiol (E,),
follicle-stimulating hormone (FSH), luteinizing hormone (LH), and
inhibin B (InhB) were 0.2-50, 0.1-20 nmol/L, 2.0-100, 20-90 IU/L,
and 12-105 pg/ml, respectively. The sensitivities for T, E,, FSH, LH,
and InhB were 0.2, 0.025 nmol/L, 0.25, 0.25 IU/L, and 2.6 pg/ml,
respectively. The intra- and interassay coefficients of variation were
as follows: for total T < 8.0%; for E, < 8.0%; FSH < 8.0%; LH < 8.0%,
InhB < 6.8%, respectively.

2.7 | Ethnic composition of study groups from
each city

We investigated ethnic differences in semen, hormonal, and an-

thropometrical parameters between Slavs, Buryats, and Yakuts, as
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they are the three most common ethnicities in the Siberian region

of Russia. Brief description of Buryats and Yakuts is provided in the
Appendix S1. Participants were selected to these groups from our
study population according to information obtained from the self-
reporting questionnaires, taking into account self-identified ethnic-
ity and ethnicities of their mothers, fathers, and grandparents. The
participant of the Slavic, Buryat, or Yakut ethnicity was eligible if the
ethnicity of the man himself, his mother, father, and both grandpar-
ents was the same. Our research cohort consisted of Slavs living in
all four cities, Buryats and Yakuts living compactly in the cities of
Ulan-Ude and Yakutsk, respectively.

2.8 | Statistical analysis

A statistical analysis of the obtained data was performed using the
statistical package “Statistica” (version 8.0). The results are pre-
sented as means (SD) as well as medians with 5th and 95th percen-
tiles. The Kolmogorov-Smirnov test was used to confirm the normal
distribution of quantitative variables. The parameters, which were
not normally distributed, were transformed by a cubic root trans-
formation (semen volume and total sperm count), square root trans-
formation (sperm concentration, progressive motility, and normal
morphology), or natural logarithm (hormonal levels) before analy-
sis. Descriptive statistics are presented using untransformed data.
Analysis of covariance (ANCOVA) was applied to compare regional
and ethnic groups. The period of sexual abstinence had an increas-
ing effect on semen parameters and entered the statistical model
as a covariate. Age tended to associate with FSH, testosterone,
estradiol, and inhibin B levels and was included in the model as a
covariate. Therefore, semen variables were adjusted for the period
of sexual abstinence, and hormonal variables were adjusted for age.
Regional and ethnic differences for categorical variables were tested
using Chi-square analysis. Spearman's correlation coefficients were
calculated to evaluate the relationships between the all parameters
studied. A p-value of <0.05 was regarded as statistically significant.

3 | RESULTS

3.1 | Anthropometric and socio-demographic
characteristics of the entire study population and
regional differences

Of the 1291 participants, Slavs (Russians, Belarusians, and
Ukrainians) represented 642 (49.7%), Buryats—223 (17.3%),
Yakuts—148 (11.5%), other ethnic groups—23 (1.8%), and descend-
ants from ethnic mixed marriages—251 (19.4%); data were missing
for four men (0.3%). According to questionnaire information, 884
(68.6%) participants had professions, which were not related to
physical labor, 194 (15.0%) were engaged in physical labor, and 180
(13.9%) indicated a combination of physical and mental labor; data

were missing for 32 men (2.5%).
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Characteristics of the study subjects are summarized in Table 1.
The vast majority of participants (84.4%) were between the ages
of 18 and 30. The entire study population was characterized by a
normal average BMI, 309 (23.9%) participants were overweight and
97 (7.5%) participants suffered from obesity, 57 (4.4%) men cate-
gorized as underweight, and 824 (63.8%) participants had a normal
BMI. Data were missing for four men (0.4%). Age was positively cor-
related with BMI, waist, and hip circumference (r = 0.377;r = 0.462;
r = 0.275, p < 0.001 in all cases). Just over one-third of men were
smokers (mean + SEM: 10.9 + 0.3 cigarettes per day). Near two-third
of men reported alcohol consumption as beer, wine, or vodka (mean
+ SEM: 0.8 + 0.03 times per week). In the entire study population,
182 (14.3%) men had children (mean + SEM: 1.4 + 0.05 child). One
quarter of men suffered from urogenital diseases, among them 174
(13.5%) subjects had clinical varicocele, including 84 (6.5%) with
grade |, 61 (4.8%) with grade Il, 29 (2.3%) with grade Ill. In addition,
60 (4.7%) subjects had prostatitis; 52 (4.0%) testicular or epididymal
cysts; 23 (1.8%) epididymitis; 19 (1.5%) congenital abnormalities of
the reproductive system; 10 (0.8%) hydrocele; seven (0.5%) other
urological diseases, between them 36 (2.8%) men suffered from
multiple urological diseases.

Table 1 shows the differences in the physical appearance and
socio-demographic characteristics of men in four Siberian cities.
Men from Yakutsk were older compared to men from other cit-
ies (p < 0.05-0.001 in all pairwise comparisons). The body mass
and height of men from Novosibirsk and Kemerovo were higher
compared to men from Ulan-Ude or Yakutsk (p < 0.001 in pair-
wise comparisons). Waist and hip circumference, as well as BMI,
were the lowest in Ulan-Ude compared to men from other cities
(p < 0.05-0.001). The bitesticular volume (BTV) was the largest
in Kemerovo compared to men from other cities (p < 0.001 in all
pairwise comparisons). Age of sexual debut was lower in men from
Kemerovo and Ulan-Ude compared to men from Novosibirsk (p <
0.05-0.001). The period of sexual abstinence was the longest in
Novosibirsk and the shortest in Yakutsk (p < 0.001 in pairwise com-
parisons). The proportion of smokers was higher in Ulan-Ude and
Yakutsk than in Novosibirsk or Kemerovo (p < 0.05-0.001 in pair-
wise comparisons). Participants from Kemerovo smoked more often
than from Novosibirsk, Ulan-Ude, Yakutsk (mean + SEM: 13.3 +0.7;
11.3 + 0.6; 9.5 + 0.5; 10.3 * 0.6 cigarettes per day, respectively,
p < 0.05-0.001). The proportion of drinkers was the lowest in
Yakutsk than in other cities (p < 0.001 in pairwise comparisons).
Men in Novosibirsk or Kemerovo drank more often than in Ulan-
Ude or Yakutsk (mean = SEM: 0.9 + 0.05; 0.8 + 0.06; 0.6 = 0.05;
0.7 £ 0.05 times per week, respectively, p < 0.05-0.01). The propor-
tion of men having children was the highest in Yakutsk compared
to other cities (p < 0.001 in pairwise comparisons). The number
of children per men was also the highest in Yakutsk compared
to Novosibirsk, Kemerovo, Ulan-Ude (mean + SEM: 1.7 + 0.10,
1.2 £ 0.06; 1.2 £ 0.08; 1.4 + 0.09 children per men, respectively, p
< 0.05-0.005). The proportion of men with urogenital disorders did
not differ between Novosibirsk, Kemerovo, and Ulan-Ude and was

higher in Yakutsk compared to Novosibirsk (p < 0.05).

3.2 | Semen parameters of the entire study
population and regional differences

Semen parameters are summarized in Figure 1 and Table 2. Of the
1291 participants, some men refused to donate ejaculate, so 1236
semen samples were collected. According to the WHO reference

Iu

limits,* semen quality is considered as “normal” if sperm concentra-
tion is 215 mill/ml, progressive motility 232%, normal morphology
24% and as “lowered” if sperm concentration is <15 mill/ml, and/
or progressive motility <32%, and/or normal morphology <4%. The
average semen parameters for the entire study population were
within the “normal” values, although a significant proportion of men
(42.2%) fell into the group with “lowered” semen quality (Figure 1).

Significant upward trends in all semen parameters were ob-
served with increasing abstinence period: The positive correlations
were observed between duration of sexual abstinence and semen
volume, total sperm count, sperm concentration, progressive motil-
ity, normal morphology (r = 0.291, r = 0.381, r = 0.279, r = 0.141,
r = 0.146, p < 0.001 in all cases). Sperm concentration was posi-
tively correlated with progressive motility and normal morphology
(r=0.811,r=0.586, p < 0.001 in both cases). Total sperm count was
positively correlated with progressive motility and normal morphol-
ogy (r=0.690, r=0.514, p < 0.001 in both cases). There was positive
correlation between progressive motility and normal morphology (r
=0.638, p < 0.001).

Semen parameters differed between the four regional groups
(Table 2). The semen volume was higher in the participants from
Novosibirsk and Kemerovo compared to Ulan-Ude or Yakutsk. The
total sperm count, sperm concentration, and percentage of mor-
phologically normal spermatozoa varied with the highest values in
Novosibirsk and the lowest in Yakutsk (p < 0.001 in pairwise com-

parisons). The proportion of participants with “normal” semen qual-
ity was the highest in Novosibirsk and the lowest in Yakutsk (p <

0.005-0.001 in pairwise comparisons, Figure 1).

3.3 | Hormonal parameters of the entire study
population and regional differences

The hormonal data of the participants are presented in Table 2. Of
the 1289 participants who had a blood sample taken, 100 (7.8%) par-
ticipants had testosterone levels below the normal reference value

t,% of them 10 participants had

of 12.1 nmol/L as the lower limi
sperm concentrations below 15 x10%/ml. In the entire study popula-
tion, out of 110 (8.5%) participants having the inhibin B levels below
the normal reference values of 92 pg/mL as the lower limit,*’ only 78
(6.1%) had “lowered” semen quality.

Significant positive relationships were found between LH and
FSH, LH and T concentrations (r = 0.335; r = 0.100, respectively,
p < 0.001). Negative relationships were observed between LH and
inhibin B, FSH, and inhibin B concentrations (r = -0.226, r = -0.447,
respectively, p < 0.001), and positive—between T and inhibin B con-

centration (r = 0.220, p < 0.001). Significant negative relationships
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were revealed between LH and FSH level, and sperm concentration,
total sperm count, progressive sperm motility, and normal morphol-
ogy (LH: r=-0.151,r = -0.139, r = -0.117, r = -0.063, respectively;
FSH:r=-0.226,r=-0.247,r = -0.130, r = -0.106, respectively, p <
0.001 in all cases). Significant positive relationships were revealed
between inhibin B level and sperm concentration, total sperm count,
progressive sperm motility, and normal morphology (r = 0.271,
r=0.306,r=0.151, r = 0.129, respectively, p < 0.001 in all cases).
Reproductive hormone levels varied between regional groups
(Table 2). The LH level in participants from Novosibirsk was lower
compared to men from Kemerovo and Ulan-Ude (p < 0.01 in pairwise
comparisons), but did not differ from Yakutsk. FSH and testosterone
levels differed between all four regional groups with the lowest FSH
level in Kemerovo and the highest FSH level in Yakutsk, as well as
with the lowest testosterone level in Ulan-Ude and the highest tes-
tosterone level in Novosibirsk (p < 0.05-0.001 in pairwise compari-
sons). Estradiol levels did not differ between men from Novosibirsk
and Kemerovo, as well as between men from Ulan-Ude and Yakutsk,
but were lower in the first two cities compared to the last two (p <
0.001 in pairwise comparisons). The inhibin B level in participants
from Novosibirsk was higher than in men from other cities (p < 0.001

in all pairwise comparisons).

3.4 | Ethnic differences in socio-demographic and
anthropometric parameters

The ethnic composition of the four regional study groups was dif-
ferent. The study groups from Novosibirsk and Kemerovo consisted
predominantly of Slavs (79.5 and 77.2%, respectively); the study
group from Ulan-Ude-Buryats (66.2%) and Slavs (23.3%), from
Yakutsk-Yakuts (54.2%) and Slavs (9.2%), other ethnic groups and
descendants from mixed marriages filled in the remainder propor-
tions. Since only Slavs, Buryats, and Yakuts represented significant
cohorts, we limited our comparative analysis to these three ethnic

groups.

0% 10%

20% 30% 40% 50% 60% 70% 80% 90% 100%

O Lower semen quality % [ Asoospermia %

The socio-demographic and anthropometric data of Slavs,
Buryats, and Yakuts are summarized in Table 3. Yakuts were older
than Buryats (p < 0.05) and did not differ from Slavs. Slavs were
heavier than Buryats and Yakuts (p < 0.001 in pairwise comparisons),
but the latter two did not differ. Slavs had the highest height, Yakuts
had the lowest, and Buryats ranked middle (p < 0.001 in pairwise
comparisons). Buryats had the lowest waist and hip circumference,
as well as BMI, and Yakuts did not differ from Slavs (p < 0.05-0.001
in pairwise comparisons). The age of sexual debut was higher in
Yakuts compared to Buryats (p < 0.05) and did not differ from Slavs.
The period of sexual abstinence was higher in Slavs compared to
Yakuts (p < 0.05), and Buryats ranked middle.

The proportion of smokers among Buryats was higher than
among Slavs (p < 0.001), Yakuts ranked middle, although Slavs
smoked more cigarettes than Buryats or Yakuts (mean + SEM:
12.6 £ 0.5; 9.0 + 0.5 and 8.1 + 0.7 cigarettes per day, respectively,
p < 0.001 in both cases). The proportion of drinkers was the lowest
in Yakuts (p < 0.001 in both comparisons), while Slavs and Buryats
did not differ. Slavs drank significantly more often than Buryats or
Yakuts (mean + SEM: 0.8 + 0.04; 0.6 + 0.05; 0.6 + 0.04 times per
week; p < 0.05 in both comparisons), while Buryats and Yakuts did
not differ. The proportion of men having children differed between
all the ethnic groups: It was the highest in Yakuts and the lowest in
Slavs, Buryats ranked middle. Slavs had fewer children than Buryats
or Yakuts, while Buryats and Yakuts were no different (mean + SEM:
1.2 £ 0.05; 1.5 £ 0.1; 1.6 £ 0.2 child, respectively, p < 0.05 in both
comparisons). The presence of urogenital disorders did not differ be-

tween the ethnic groups.

3.5 | Ethnic differences in semen and
hormonal parameters

Semen data for the Slavic, Buryat, and Yakut ethnic groups are sum-
marized in Figure 2. Slavs had a higher semen volume than Buryats
or Yakuts (p < 0.01), while Yakuts and Buryats did not differ. The
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TABLE 3 Physical appearance and self-reported information for men of three different ethnic groups
Slavs (n = 642) Buryats (n = 223) Yakuts (n = 148)
p (between
Mean (SD) Median (5-95) Mean (SD) Median (5-95) Mean (SD) Median (5-95) groups)
Age (years) 24.4 (5.9)° 23(18-37) 23.7 (6.5 21(18-37) 25.5 (7.4)° 23 (18-40) <0.05
Weight (kg) 77.2 (13.9) 75.0(59.8-103.2)  70.9 (13.2)° 68 (55.5-94.0) 70.6 (13.8)° 68 (54-96) <0.001
Height (cm) 179.1 (16.8)* 179 (168-190) 174.8 (6.3)° 175 (165-184) 172.2 (7.2)° 172 (162-182) <0.001
Waist circumference 84.0 (10.5)* 82 (70-103) 82.0(12.1) 80 (67-101) 84.7 (12.6)° 82 (68-110) <0.05
(cm)
Hip circumference 98.5(8.2)° 98 (87-113) 94.2 (7.3)° 94 (84-106) 97.3 (7.9 96 (86-112) <0.001
(cm)
BMI (kg/mz) 24.0(3.8)% 23.4 (19.0-30.8) 23.2 (4.3)° 22.5(18.0-30.8) 23.8 (4.4)® 23.2(17.6-32.0) <0.05
BTV (ml) 39.4(8.2)?° 40 (26-52) 35.5(7.0)° 40 (24-50) 36.1(8.5)° 36 (26-50) <0.001
Age of sexual debut 17.2 (2.2)® 17 (14-21) 16.9 (2.0)? 17 (14-20) 17.4 (2.1)° 17 (14-21) =0.161
(years)
Sexual abstinence 4.7 (5.1) 4 (2-8) 4.3 (5.8)® 3(2-14) 3.4(3.0° 3(1-7) <0.05
(days)
Frequency (%) Frequency (%) Frequency (%)
Cigarette smokers 31.0° 44.8° 37.8%° <0.001
Drinkers 74.8° 74.9° 60.1° <0.01
Men having children 10.1° 16.0° 27.0¢ <0.001
Current urogenital 24.5° 23.8° 28.6% =0.530

Note: Results based on raw data. Analysis of variance was applied to compare anthropometric and demographic parameters, and Chi-square analysis
was performed to compare the frequency parameters. a, b, c comparisons with different superscripts within variables were significant (p < 0.05).

Abbreviations: (5-95), 5-95th percentile; BMI, body mass index; BTV, bitesticular volume (paired testicular volume); SD, standard deviation.

sperm concentration and percentage of morphologically nor-
mal spermatozoa were the lowest in Yakuts compared to Slavs or
Buryats (p < 0.001), while Slavs and Buryats did not differ. Total
sperm counts varied between ethnic groups (p < 0.01 in pairwise
comparisons), and it was the highest in Slavs, the smallest in Yakuts,
Buryats ranked middle. The proportion of participants with “normal”
semen quality varied between ethnic groups (p < 0.01), and it was
the lowest in Yakuts (59 men, 43.7%), higher in Buryats (131 men,
62.7%) and Slavs (353 men, 56.5%) (p < 0.01 in both comparisons),
while Slavs and Buryats did not differ.

Hormonal data for the Slavic, Buryat, and Yakut ethnic groups
are summarized in Figure 3. LH concentrations were higher in
Buryats than in Slavs or Yakuts (p < 0.001 in both comparisons). FSH
levels differed between all ethnic groups (p < 0.001) and were lower
for Slavs than for Buryats or Yakuts (p < 0.001 in both comparisons),
and lower for Buryats than for Yakuts (p < 0.05). The testoster-
one level was the lowest in Buryats compared to Slavs or Yakuts
(p < 0.05-0.001 in both comparisons), but Slavs and Yakuts did not
differ. The estradiol level was lower for Slavs than for Buryats or
Yakuts (p < 0.001 in both comparisons), but Buryats and Yakuts did
not differ. Inhibin B levels differed between all the ethnic groups
(p < 0.001) with the highest level in Slavs, the lowest level in Buryats,
Yakuts ranked middle (p < 0.01).

Correlation coefficients for relationships between age, anthro-
pometric and hormonal parameters, and between semen quality

variables and anthropometric and hormonal parameters (Spearman's

test) for men of different ethnic groups are provided in the Appendix
S1. Age was positively related to FSH concentrations and negatively
related to testosterone and estradiol concentrations in Slavs and
Buryats. Significant negative relationships between body weight,
waist and hip circumference, BMI, and testosterone were observed
in all ethnic groups. Sperm concentration, total sperm count, and
progressive motility were positively correlated with inhibin B con-
centration; sperm concentration was negatively correlated with LH
and FSH concentration in all ethnic groups.

4 | DISCUSSION
Our population-based cohort study of semen quality and reproduc-
tive hormone levels in young men from different Siberian regions of
Russia showed that the ethnic composition of the populations and an-
thropogenic environmental pollution may be involved in regional dif-
ferences in semen and endocrine parameters. The male populations
in Russia were previously rarely investigated for semen quality and
endocrine profile. Thus, this study seems to be the first large-scale
Russian study to describe regional and ethnic variability in sperm out-
put and reproductive hormones of men from the general population.
Epidemiological studies in many countries have included regional
comparisons of semen parameters in men from the general popu-
lation.1>16:20.21.24.25.35-37 Qe of the earliest published studies® re-

ported that Finnish, Estonian, Norwegian, and Danish young men
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FIGURE 2 Differencesin semen parameters between men of three ethnic groups in (A) semen volume; (B) total sperm count; (C) sperm
concentration; (D) progressive motility; (E) normal morphology. Boxes indicate interquartile range, circles—median, whiskers—non-outlier
range. a, b, ¢, d comparisons with different superscripts are significant (p < 0.05)

from the general population had median sperm concentrations of
61, 62, 53, and 44 x 10%/ml and normal morphology of 9.0%, 9.0%,
7.0%, and 5.0%, respectively. Semen parameters obtained for our
whole study population seem lower than reported for young men
from above-mentioned European countries except Danish results,
which were close to our findings. Similar median sperm concentra-
tion and percentage of spermatozoa with normal morphology (40
x 10%/ml and 6.5%, respectively) were seen in Faroese young men
(Denmark) from the general population; however, total sperm count
and percentage of motile spermatozoa (medians 159 mill and 64%)
were higher.?* The results of a Spanish study?® demonstrated that
healthy young volunteers had higher semen quality (median sperm
concentration 60 x 10°/ml; progressive motility 51%) than young
men from our whole study population. In young students living in
Rochester, the United States,48 median sperm concentration and
total sperm count (52 x 10%/ml and 159 mill, respectively) were also
higher than our semen results. A comparison of semen parameters in
Russian men living in Estonia®® and Slavs living in Siberia (our study)
who have the same ethnic identity but live in different climatic envi-
ronment zones seems to indicate a lower semen quality in Siberian
men. In Russians from Estonia, median sperm concentration was 68
x 10%/ml, total sperm count 208 x 10°, and progressive motility 57%,
while in Slavs from Siberia, the corresponding values were 43.7 x
10%/ml, 150.0 x 10%, and 40.6%. It can be concluded that the possi-
ble reasons for differences between two Slavic populations may be
due to the influence of unfavorable climate or/and environmental

conditions. Thus, the semen quality in men from the Siberian region

of Russia was worse, although sometimes similar to that in man from
other European countries or the United States.

To highlight a role of environment as a possible cause of regional
differences, we compared the semen and hormonal indicators of
young men living in Siberian cities of Novosibirsk and Kemerovo,
which have a very similar climate and socio-cultural and ethnic iden-
tity, but differ in the degree of industrial pollution. A lower sper-
matogenic potential of men from Kemerovo compared to men from
Novosibirsk was detected, which may due to the highly polluted en-
vironment associated with ferrous metallurgy, coal mining and pro-
cessing, mechanical engineering, metalworking and chemistry in this
city, weakening spermatogenesis, and negatively affecting male fer-
tility.2*?52 Thus, we have shown that regional differences in semen
and hormonal parameters may be due to different environmental
exposures in the compared regions.

We found that young men from two cities of the West Siberian re-
gion populated mainly by Slavs (Novosibirsk and Kemerovo) had higher
semen parameters and inhibin B levels compared to men from two cit-
ies of the East Siberian region populated mainly by Asians (Ulan-Ude
and Yakutsk). Additional comparison of three most common Siberian
ethnic groups Slavs, Buryats, and Yakuts showed ethnic differences in
semen quality and reproductive hormone levels, indicating lower tes-
ticular function in Asians (Buryats and Yakuts) compared to Caucasians
(Slavs). Thus, it can be concluded that the ethnic composition of the
compared populations may influence regional differences in semen
and endocrine parameters, although ethnic differences may include

genetic background, lifestyle, and environmental influences.
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To date, comparative studies of reproductive parameters in Asian
and Caucasian men are very rare and contradictory. Early studies have
shown smaller testicular volume in Hong Kong Chinese men than in
Danes®; lower testicular parenchymal weight, the diameter of sem-
iniferous tubules, the daily sperm production, the number of Sertoli
cells per man in Chinese men from China compared with White men
from the United States.>* The authors suggested that the smaller tes-
tes coupled with reduced Sertoli cell number and function and reduced
daily sperm production could contribute to the inherently lower sper-
matogenic potential of Asian men. These conclusions coincide with our
own, but not consistent with the results of recent population studies
in the United States.>?*° The first study showed racial differences in
semen parameters between large cohorts of White and Asian men
living in the same geographic area and evaluated at a single center,’
while the second study characterized men of Asian and White ethnic-
ity who were geographically diverse within the United States.*® The
results of both studies were similar and indicated a higher semen qual-
ity and a lower prevalence of men with suboptimal semen parameters
in Asians compared to Whites. Comparisons of semen parameters of
Asians from these two American studies with our results showed a
higher sperm concentration and total sperm count in Asian Americans
compared to Asian Russians. On the other hand, the term “Asian”
used in the US studies is vague and does not lend itself to a precise
ethnic definition. The median sperm concentration and total sperm
count in young Japanese men from the general population3(3 or sperm
donors and healthy Chinese young men with proven or unknown

35,38,55

fertility were higher compared to the corresponding values in

Buryats and Yakuts from our study. A comparative analysis of above
semen results for Asians from the United States, Japan, China, and the
Siberian region of Russia shows wide variability of values, revealing the
multi-factor combination effect of ethnic heterogeneity, environmen-
tal, and lifestyle factors on semen quality of Asians.

Interestingly, the semen data in Siberian Slavs and American
White men®?4° were comparable (means of sperm concentration
53.7, 51.3,%7 and 56.5*° mill/ml; total sperm counts 187.7, 146.2,%
and 160.1%° mill; motility 43.1, 39.0,% and 55.44°%, respectively). In
addition, semen parameters in young Siberian Slavs were similar to
corresponding semen data in young German,?! Norwegian, Danish,*
Spanish,’® and American men*® from the general populations.

Androgens and estrogens play an important role in men's gen-
eral health and physical performance, muscle strength, body growth,
mass, and composition.5‘7'59 In our study, we found higher estradiol
levels in both Asian groups and lower testosterone levels in Buryats
compared to Slavs, and the negative relations between testoster-
one levels and body weight, waist, and hip circumference, BMI in
all ethnic groups. It is assumed that ethnic differences in circulating
testosterone and estradiol levels might be a cause of anthropomet-
ric differences, but given the powerful influence of sex hormones
on the musculoskeletal system mainly during pubertal development,
a future comparative study might provide important information
about the extent to which the anthropometric parameters are re-
lated to sex steroids in different ethnic groups.

Few studies have examined ethnic differences in circulating lev-

els of androgens or estrogens, which have pointed to the influence
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of genetic and environmental/dietary factors as the cause of the
differences found.>®%%-%2 One British study found that Pakistani
men of Pakistani origin had lower both total and free testosterone
in comparison with White men of European origin.?® In a nationally
representative sample of Americans, it was found that the estra-
diol level was significantly higher in Blacks than in Whites.®? To dis-
tinguish genetic from environmental factors of ethnic differences,
Chinese men living in Pennsylvania and a similar group living in
Beijing were compared.®? The reduction in testosterone production
rates, total plasma testosterone, and sex hormone-binding levels in
Beijing Chinese as an opposed to those living in Pennsylvania were
detected indicating dietary or other environmental factors ap-
peared to alter serum levels and production rates of testosterone of
Chinese men living in China.

There are few strengths and limitations of our study. The sub-
jects of our study were young volunteers who were not selected
for fertility or sperm parameters, so our study population was com-
pletely representative of the young part of the general population.
Our participants were permanent residents of the cities, where the
recruitment was performed, and have been exposed to the same
environmental and socio-cultural factors. A standardized recruit-
ment protocol and questionnaire were used at all four cities to min-
imize between-city differences; the study groups were quite similar
in social status. All samples were collected in the morning, pro-
cessed by the same scientific team using standardized laboratory
methods with the same equipment and supplies. We believe that
our semen and hormonal results are representative for the gen-
eral population, especially given the difficulty of obtaining semen
and hormone samples in population-based studies. The limitations
of our research are as follows. Since we recruited different ethnic
groups in different cities, it was difficult to separate influence of
a person's ethnicity from environmental and lifestyle factors. The
sperm quality and hormone levels in Buryats and Yakuts identified
in our study reflect the simultaneous influence of genetic, socio-
cultural, and climatic factors on these ethnic groups, so we should
be careful to generalize our results to other Asian ethnic groups
living in the Russian Federation.

5 | CONCLUSION

The semen and hormonal results obtained in this study may serve as
the point of departure for further studies of other Russian populations
taken into account a wide diversity of climatic conditions and nation-
alities in Russia. In the population-based study of young men living in
four Siberian cities in Russia, we found regional and ethnic differences
in semen quality and reproductive hormone levels that could be ex-
plained by the ethnic composition of the population or environmental
pollution. Differences in sperm parameters and hormone levels be-
tween the studied Asian groups (Buryats and Yakuts) indicated ethnic
heterogeneity of Asians, which may be due to genetic factors and/or
ethnic cultural features, since the historical roots and ethnic history

of these two peoples were different. Further work is warranted to
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understand genetic basis of such differences. Further research per-

spectives are aimed at genome/exome sequencing in representatives
of various Siberian ethnic groups, providing an understanding of the

differential expression of genes that regulate spermatogenesis.
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