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Annual trends in semen parameters among men
attending a fertility center between 2016 and 2022
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BACKGROUND: Multiple studies have shown sperm concentration and count decline in many countries, however, authors’
conclusions were inconsistent. These types of studies were not conducted in Russia so far.

AIM: To evaluate and analyze semen parameters among men attending a fertility center in St. Petersburg between 2016
and 2022.

MATERIALS AND METHODS: In a retrospective study parameters of 14234 consequent semen analyses performed accord-
ing to WHO guidelines (2010) were sorted, analyzed and compared by year.

RESULTS: The distribution parameters of the ejaculate volume did not have change over observation period. Azoospermia
and cryptozoospermia were detected in 597 (4.2%) and 435 (3.1%) men respectively. A downward trends for sperm concentra-
tion of 1.6 million/ml (1.9%)/year and sperm count of 7 million (1.8%)/year were found, with simultaneous annual increase of
1.3% in the proportion of progressively motile spermatozoa. No noticeable changes in the number of motile spermatozoa and
the proportion of spermatozoa with normal morphology were found.

CONCLUSIONS: Further research is needed to obtain final conclusions about the gradual decline in the semen quality and
reproductive function of men, also in other centers of the Russian Federation.
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CpaBHMTe/IbHasA XapaKTepuCTUKa NapaMeTpoB 3AKYNATa
MY)X4MH, 06paTMBILUMXCA B LLeHTP PenpoAyKTUBHOM
Meauuunbl ¢ 2016 no 2022 r.

N.A. KopHees

Mep.biit CaHKT-[MeTepbyprekuii rocynapcTBeHHbI MeaVLMHCKUIA yHuBepcuTeT UM. akag. W.M. Maenosa, CaHkT-letepbypr, Poccus;
AQ «MexyHapoaHbIN LIEHTP penpoayKTUBHON MeauumMHbl», CaHkT-leTepbypr, Poccus

AxkmyaneHocme. KoHUEHTpaLmMs 1 Yncno CrepMaTo30Ma0B B IAKYNATE MYXKYMH BO MHOMMX CTpaHax Mupa nocTeneHHo
CHWKAIOTCS, OAHAKO BbIBOAbI aBTOPOB NPOTMBOPEYMBEI, @ UCCIIEA0BaHUIA, OCHOBAHHBIX Ha pesyNibTaTax U3yyeHus napameTpoB
CMEepPMbl POCCUICKUX MYXUMH, HEL0CTaTOuHO.

Llesns — npoBecTM cpaBHUTENbBHBIA aHaNKU3 MOKa3aTeNen 3AKYNATa MyXUWH, 00paTUBLUMXCA B LEHTP PenpoayKTUBHOM
MeauumHbl B nepuog, ¢ 2016 no 2022 r.

Mamepuanel u Memodel. PeTpoCNEKTUBHO M3yyeHbl NMOKa3aTenu cnepMorpamMm 14 234 MyxumH, nocnefoBaTtenbHo 06-
paTMBLLMXCA B MexayHapoaHbIA LEHTP penpoayKTuBHoi Meauumkbl (CaHkT-MeTepbypr), ¢ 2016 no 2022 r. BceM Myxum-
HaM ObINI0 BLIMOSHEHO CTAHAAPTHOE MCC/efloBaHME 3AKyNSTa B COOTBETCTBUM C METOAMYECKUMM yKa3aHusMW BceMupHoi
opraHu3saumm 3apasooxpaHenuns 2010 r. [poaHanu3upoBaHbl NapaMeTpbl pacnpefenieHns 3TUX NoKasaTtesiel 3a BeCb Nepuos,
1 no rofam HabmofeHus, Npou3sBefieHa UX CPaBHUTENbHASA OLIEHKa.

Pe3ynbmamel. MapameTpbl pacnpefenieHns 0bbema 3sKynsaTa He UMeNM 3aMeTHO AMHAMUKY 3a BeCb Nepuoz Habnoge-
Hus. Y 597 (4,2 %) MyxumH Bbina BoisBneHa asoocnepmus, y 435 (3,1 %) — Kpunto3oocnepMus, Habnoganack TEHAEHUMSA
K CHUXEHWIO CpeiHel KOHLEHTpaLmm cnepMaTto3onaoB Ha 1,6 Man/mn unu 1,9 % B rof v uncna cnepMaTo3oMzoB Ha 4,7 MIH,
nnm 1,8 %, B ro, a TakKe YBEMYEHUIO JOMM MPOrPecCUBHO-MOABMKHBIX criepMaTo3ouaoB Ha 1,3 % B rog, yto He compo-
BOXANO0Ch CYLLECTBEHHBIM U3MEHEHMEM YMCIA NOABUKHBIX CEPMaTO30MA0B 1 JONM CNepMaTo30M0B C HOPMabHON Mop-
donoruen.

Boigodel. [1ns monyyeHUss OKOHYaTesbHbIX BbIBOJOB O MOCTEMEHHOM CHWMEHWM PENPOAYKTUBHOA (BYHKLMM MYMKUMH
LienecoobpasHo NpoJomKeHne UcciefoBaHuMin, B TOM YKCAe U B APYrUX MeAULIMHCKUX LieHTpax Poccun.

Knwouesble cnoga: aHpposiorusa; MyxcKoe becnnoaue; MYXCKOe penpoayKTUBHOE 340p0Bbe; KayeCTBO ChNepMbl;
4YMCso cnepMaTo3onaos.
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BACKGROUND

According to modern concepts, sperm parameters al-
low us to determine the probability of natural conception,
catch an idea of the functional state, identify diseases of
male genital organs and components of the hypothala-
mus—pituitary—gonadal system and suspect the presence
of genetic anomalies [1]. Besides, men with chronic dis-
eases and shorter life expectancy were found to have
poor sperm quality [2, 3], which gave grounds to con-
sider spermogram parameters as health indicators in
general. The relevance of these provisions is substan-
tially supported by studies indicating a gradual decline
in sperm quality, which began in the mid-20th century
and has been found in men living in North, South and
Central America, Australia, New Zealand, Asia, Africa
and Central and Eastern Europe. Moreover, an increasing
rate of decline was observed, from —1.16% to -2.64%
annually before and after 2000, respectively [4-7], sug-
gesting the urgent need to employ measures to preserve
male fertility. Another point of view emerged [8], i.e.
the data confirming the worldwide negative dynamics of
ejaculate parameters have not reached the threshold of
reliability, and such negative trends are observed only
in specific countries and require further study. In this
connection, national research groups have tried to ob-
tain large datasets that would allow us to draw definitive
conclusions about the trends in male reproductive health
within a single country [9]. Given that no study in Rus-
sian literature has focused on the ejaculate parameters
of Russians over time, this study intends to address
this gap.

This study aimed to conduct a comparative analysis of
male ejaculate values obtained between 2016 and 2022
at the Center for Reproductive Medicine.

MATERIALS AND METHODS

In this study, the spermograms of 14,234 men who
consecutively applied to the International Center for Re-
productive Medicine (Saint Petersburg) between 2016 and
2022 were retrospectively examined to clarify the state
of reproductive function, determine possible participation
in sperm donation programme or identify connection with
the inability to conceive naturally. In accordance with the
guidelines of the World Health Organization in 2010, the
laboratory staff of the centre performed a standard ex-
amination of the ejaculate, including the evaluation of its
volume, concentration, proportion (%) of progressive-ac-
tive (categories A and B) and normal sperm, total number
of sperm and number of progressive-active sperm. By
using a package of applied programmes for statistical
data analysis, the parameters of the distribution of these
indicators for the entire period and for the years of ob-
servation were obtained and analysed. Further, they are
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presented as the mean and error of the mean (M + SD)
and the 5th and 95th percentiles, and their compara-
tive evaluation was made. The values of concentration,
number, proportion of motile and normal spermatozoa
and number of motile spermatozoa were calculated, and
the data of men with azoospermia and cryptozoospermia
were excluded from the sample.

RESULTS

Ejaculate volume. The ejaculate volume of the ex-
amined men ranged from 0.03 to 19 mL and averaged
3.5 £ 1.6 (1.3-6.5) mL. The distribution of this parameter
did not show noticeable dynamics throughout the obser-
vation period (Table 1).

Sperm concentration. From 2016 to 2022, a trend
was noted toward a gradual (1.6 million/mL, or 1.9%,
annually) decrease in average sperm concentration from
a level of 81.6 + 60.9 million/mL, with minimum values
of 64.1 + 50 million/mL recorded from 2020 to 2021, and
a subsequent reversal to a level of 71.3 + 50.6 million/mL
(Figure 1).

Azoospermia and cryptozoospermia were detected in
597 (4.2%) and 435 (3.1%) men, respectively. Of the total
number of those examined annually, the proportions of
men ranged from 3.2% to 6.9% and from 2% to 3.8%,
respectively, with the maximum observed in 2016-2017
(Table 2).

Sperm count. The downward trend observed for
the average sperm concentration after 2016 was also
noted for the average total sperm count in the ejacu-
late (by 4.7 million, or 1.8%, annually): the maximum of
265 million was recorded at the beginning of the obser-
vation and the minimum in 2020 and 2021 (209.9 and
216.7 million, respectively), with a subsequent increase
to 237 million in 2022 (Figure 2).

Proportion of progressively mobile spermato-
zoa (A + B). In contrast to the concentration and num-
ber of spermatozoa in the ejaculate, an opposite trend
was observed for the proportion of progressively motile
spermatozoa. The average values of this indicator in-
creased in each subsequent year of observation (on av-
erage by 1.3% annually), i. e. from 47% in 2016 to 55%
in 2022 with a ‘plateau’ period of 53% in 2019 and 2020
(Figure 3).

Number of progressively mobile spermatozoa (A + B).
The value of this indicator in 2016 was 138.2 million.
Two multidirectional trends, a decrease in the number
of spermatozoa and an increase in the proportion of pro-
gressively mobile spermatozoa in the ejaculate, showed
no significant changes over the years of observation,
except for the decrease occurring in 2020 and 2021
(Fig. 4), i.e. to 122.7 million and 126 million, respectively
(Fig. 4). In addition, men with motile sperm counts of
<5 million and <1 million were predominant among those
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Table 1. Sperm parameters of 14,234 men according to the year of sperm analysis, M + SD [5"-95% percentile]
Tabnuua 1. MNokasatenu askynsaTa 14 234 Myx4uH no rogam nposeAeHns uccnefoanus, M + SD [5-1 — 95-1 npoueHTUNb]

, Year of study and number of men surveyed All time
Ejaculate
readings 2016, 2017, 2018, 2019, 2020, 2021, 2022, | (2016-2022),
n=2136 | n=2268 | n=2015 | n=2032 | n=1800 | n=2093 | n=1890 n = 14234
Volume. mL 35+1.6  3.6+26 34+16 35+16 3517 3616  35+16 35+1.6
' [1.3-6.6]  [1.3-6.6]  [1.3-6.3]  [1.3-6.3]  [1.3-6.6]  [1.4-6.3]  [1.4—6.4] [1.3-6.5]
E;”;c‘;’r‘:fa‘tfz"oa 8164609  77£561 724543  725+563  641+501  641+503 713£506  72+547
mlnj’mL © [63-193]  [6.6-170]  [5-169.4]  [4-180.6] [3-164] [4-164] [4.6-165] (4.8-172]
Number of sper-  265+212  2568+206 2318+189 235.6+2037 209.9+1778 2167+1863 237+1888  2368+1965
matozoa, mln ~ [207-659.6] [17.9-6707] [13.9-6027] [12.1-62821 [9.6-5817]  [13-603.2 [13.3-6129]  [14-624]
Proportion of
progressively 47 £18 48 + 19 51+ 18 53+18.2 528+187 535x179 55x17.4 51.5+£18.3
motile sperma- [14-74] [14-76] [18-77] [18-78] [16-78] [20-78] [22-79] (17-77]
tozoa (A +B), %
Number
frfopbri‘l’gress"’ew 1382+ 1269 1323+1212 1383+1224 1359+1249 1227+116 126+1205 1391206 133.3+122.1
[38-386.9]1 [37-370.3]  43-3728  [29-381.8] [17-356.2] [37-379.9] [41-385.3]  [3.4-377.6]
spermatozoa
(A +B), mln
Proportion of 53+ 18 53+ 19 56 + 18 56+ 18 56+19  57.1:178 582+172 5582 18.1
motile spermato- 517001 11gg1]  [22-80]  [22-81]  [20-81] 2482 [26-82] 21-81]
z0a(A+B+0C)%
Share of sper-
matozoa with 54+4.3 5+£35 5+3.4 5+3.3 5.9+3.6 59+35 6+35 55+36
normal morpho- [0-14] [0-12] [0-11] [0-11] [0-12] [1-12] [1-12] [0-12]
logy %
Table 2. Numbers of men with azoospermia and cryptozoospermia according to the year of sperm analysis
TaGnuua 2. Yucno MYX4MH C a3oocnepMme17| u KpVII'IT0300CI'IepMVIe["1 Mo rogam npoesefeHua uccnenoBaHnsa
Year of study and number of men surveyed All time
Indicator 2016, 2017, 2018, 2019, 2020, 2021, 2022, | (2016-2022),
n=2136 | n=2268 | n=2015 | n=2032 | n=1800 | n=2093 | n=1890 | n=14234
Number of men with g7 3.9 157 (6.9%) 83 (62%)  66(2%) 65(36%) 82(9%) 62(.3%) 597 (4.2%)
azoospermia
Number of men with
cryptozoospermia 82(3.8%) 83(3.7%) 59(2.9%)  61(3%)  57(3.2%) 55(2.6%) 38 (2%) 435 (3.1%)
~, 100 300
E
£ w = 250 2318 2356
8 £ 200
g 60 E
& 5 150
5 40 g
S o 100
£ £
g 2 2 5

2016

2017 2018 2019 2020

Year of research
Fig. 1. Sperm concentration according to the year of sperm analysis
Puc. 1. KoHueHTpauus cnepmato3onpoB y 06cneAoBaHHbIX
MY)UMH B 3aBMCUMOCTU OT TOfla NPOBEJEHNS UCCNIeL0BaHNS

2021 2022

2016

2017 2018 2019 2020

Year of research
Fig. 2. Sperm counts according to the year of sperm analysis
Puc. 2. Yucno cnepmato3ompoB y 00CneAOBaHHBLIX MYXYMH
B 3aBUCMMOCTY OT rofia NpOBEAEHMUA UCCe0BaHMs

2021 2022
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Fig. 3. Proportion of progressively motile sperm according to the
year of sperm analysis
Puc. 3. [lona nporpeccvBHO-NOABMKHBIX CNepMaTo301zoB y 06-
CeA0BaHHbIX MY}YWH B 3aBUCUMOCTM OT rofa MpOBELEHUs UC-
Crlefi0BaHusA

surveyed in 2020, accounting for 144 (8%) and 65 (3.6%),
respectively.

Sperm morphology. Among the men examined, signif-
icant variability was noted in the proportion of spermato-
zoa with normal morphology; however, the mean values,
which were 5.5% = 3.6% (0%-12%), had no appreciable
differences in different years of observation (Table 1).

DISCUSSION

This study presents the ejaculate parameters of
14,234 men who applied to the Center of Reproductive
Medicine in Saint Petersburg between 2016 and 2022 for
various reasons such as those unrelated to the inabil-
ity to conceive naturally. In this study, 1032 (7.3%) of
them had azoospermia or cryptozoospermia correspond-
ing to the definition of male infertility according to the
International Classification of Diseases, Revision 11 [10].
This value corresponds to the data on the prevalence of
male infertility, from 2.5% to 12%, reported in population
studies in other countries [11].

The group of men examined in this study, except for
patients with cryptozoospermia and azoospermia, can be
considered a cohort with unknown fertility. This allowed
us to draw parallels with a similar cohort that was ex-
amined by researchers under the auspices of the World
Health Organization [12] in 2009. As a result, the median
and 5" and 95™ percentile values of most spermogram
parameters in these studies were comparable: ejacu-
late volume, 3.3 [1.3-6.5] and 3.2 [1.2-6.4] mL; sperm
concentration, 61 [4.8—-172] and 64 [9-192] ml/mL; to-
tal sperm count, 191.7 [14-624] and 196 [20-619] mL
of motile sperm, 67% [21%-81%] and 62% [36%—85%];
proportion of progressively mobile spermatozoa, 50%
[17%-77%] and 57% [31%-78%], respectively; only the
differences in the proportion of spermatozoa with normal
morphology, i. e. 5% [0%—12%] and 14% [4.7%-23.2%],
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Fig. 4. Progressively motile sperm counts according to the year of
sperm analysis

Puc. 4. Yucno nporpeccmBHO-MOABMKHBIX CNepMaTo30MaoB Y 06-
CrefLOBaHHbIX MYXUMH B 3aBUCMMOCTU OT rofia NpoBeJeHus Uc-
CrleLoBaHmA

respectively — the parameter with the greatest degree
of subjective evaluation — were notable.

Similarly, Levine et al. [6, 7] confirmed that Russian
men tended to have decreased concentration and number
of sperm cells in the ejaculate over time of observation;
we also found similar rates of such decrease. Markedly
lower and overlapping spermogram values found in Rus-
sians examined in 2020-2021 could be due to the influ-
ence of SARS-CoV2 virus, which was widespread during
this period [13]. An unexpected finding was the increase
in the percentage of motile spermatozoa during the ob-
servation period, which ensured (except for 2020-2021)
the stability of the number of motile spermatozoa, which
is, according to modern concepts, the leading indicator of
male reproductive function [14].

CONCLUSIONS

Thus, the data of the examined cohort of men reflect
the contradictory nature of a possible global decrease
in male reproductive function. Against the background
of decreased sperm count, the proportion and preserva-
tion of the number of motile forms increased, whereas
the values of this indicator in the overwhelming major-
ity of men were high enough to expect the possibility of
natural conception. Moreover, the results obtained should
be extrapolated with caution because they were obtained
retrospectively in a single medical centre specialising in
infertility. On the contrary, there may be advantages, in-
cluding the absence of differences in the technique of
performing ejaculate analysis between different labora-
tories (15). To obtain definitive conclusions, further re-
search in this direction is necessary, including at other
centres in Russia. The timeliness of decision making
for preserving male reproductive function is especially
relevant given the prevalence of infertility and declining
fertility in Russia.
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