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Introduction. Diurnal variability of sperm parameters is controversial and should be considered during medi-
cal evaluation and solicitation of sperm donors. Aim: to evaluate diurnal variability of sperm parameters of
anonymous sperm donors in reproductive medicine center. Materials and methods. Records of 1253 semen
samples analysis of 39 sperm donors (mean age 27.1 + 3.9 years) were retrospectively studied in reproductive
medicine center in Saint Petersburg. Semen analysis was performed according to WHO 2010 recommendations.
Diurnal variations of semen volume, sperm concentration, total sperm number, progressive motility and number
of progressively motile sperm were analyzed. Results. Mean ejaculate volume, sperm total number and number
of progressively motile sperm were higher after 3 p.m. (¢ =5.63, p < 0.0001; ¢t = 3.66, p =0.0003 and t=1.76,
p = 0.078, respectively), while sperm concentration and percent of progressively motile sperm was lower (t = 2.03,
p=0.043 and t = 4.63, p = 0.0003, respectively).The lowest and the highest mean sperm numbers were registered
in time slots between 12 a.m.-1 p.m. and 4 p.m.-5 p.m., respectively. Conclusions. The study suggests the diurnal
variability of sperm donors’ semen parameters. We might recommend a potential sperm donor preservation to be

performed after 3 p.m., preferentially within 4 p.m.-5 p.m. interval.
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® AxTyanbHOCTD. VI3BeCTHO, YTO MOKA3aTey CIIEPMOIPaMMbl Y MY>KUMH 3HAUUTE/IbHO BAPbUPYIOT. 3aKOHOMEPHOCTH
M3MEHYMBOCTH NAPAMETPOB IAKY/IATA B T€YEHME CYTOK M3ydYeHbl HEJOCTATOYHO IIOJIHO, TI0/Ty4eHHbIe JaHHbIE IIPOTHUBO-
peunssl. Ilenp — nccenoBaTh BaprabeIbHOCTh KOJIMYECTBEHHbIX I KaUeCTBEHHBIX ITAPAMETPOB 9SIKYILITA, IOTyIeHHO-
IO B pasHO€ BpeM:A Y IOHOPOB CIIEPMBI IIEHTPA PENPOAYKTUMBHON MeIULVMHbBL. Marepuanbl M MeTofbl. PeTpoCcrieKTHBHO
[IPOAHA/IM3MPOBAHBI APXMBHBIE MAaTePHAIbI 3arOTOBKM 1253 06pas1ioB crepMbl 39 MyXXUMH-JOHOPOB B [IEHTPe Perpo-
nykTyBHOI MegyuuyHbl B Cankt-IleTepbypre B 2015-2017 rr. CpegHuit Bo3pacT JOHOPOB cocTaBuil 27,1 + 3,9 ropa,
JUIs1 CIa4YM CIIepMbI OHM HEO[JHOKPATHO OOpalljaniuch B LIEHTP B pasHoe BpeMs fHs B uHTepBaje oT 09:00 go 22:00 va-
coB. JOTOBMIM 3AKYNAT U MHTEPIPETUPOBAIN JAaHHbIe MUKPOCKOINM B COOTBETCTBUM C peKoMeHpauusamu BO3
2010 1. [TpoaHaMM3MpPOBAHBI PE3yNIbTAThI U3MEPEHUA 00beMa 9AKY/IATA, ero KOHIEHTPAlMM ¥ KOMMYIECTBa, a TaK-
K€ JIO/IM M KOMMYECTBA IOABVIKHBIX CIIEPMATO30MJOB B NMOPLUMAX CIIEPMBI, IIOTYYEHHBIX B PasHOEe BpeMs CYTOK,
IIPOBEJEHO CPaBHEHME IIOKa3aTesell, MOMy4YeHHbIX BO BpeMeHHbIX nHTepBanax ¢ 9:00 go 15:00 n ¢ 15:00 go 22:00.
Pesynbratel. [loprum asKynAra, momydeHHble mocte 15:00, IO CpaBHEHUIO CO CHAHHBIMU B Oojiee paHHee BpeMs
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IHs B cpefHeM mMmenu 6onpuie 06vem (f = 5,63; p < 0,0001), komnyectBO criepmaro3onnos (t = 3,66; p = 0,0003)
M KOJIMYECTBO HPOTPECCMBHO INOJBIKHBIX criepmaro3onjio (f =1,76; p = 0,078), a Taxxe MeHbIINe KOHLEHTpa-
nuto (f = 2,03; p = 0,043) 1 Koo IPOrpecCHBHO MOABYDKHBIX CIIepMaToO30Mao0B (f = 4,63; p = 0,0003). Camble HU3KME
CpefHIe 3HAa4YeHMA KOMMYECTBAa CIEPMATO30M0B NpUIINCh Ha MHTepBan oT 12:00 mo 13:00, a camble BBICOKME —
or 16:00 go 17:00. 3aknroyeHne. BpiABIeHbl 3aKOHOMEPHOCTY BapnaOelbHOCTY IIOKa3aTesell 9AKYy/ATa JJOHOPOB
CIIepMBI, IIOJIy4CHHOJI B pa3Hble BpeMeHHbIe MHTEePBaJIbl B TeUeHMe THA. VX HeoOXOAIMO yYUTHIBATD IIPU UHTEPIIpe-

Taguu CuepMorpaMm Ipmu O6CTICI[OB8.HI/H/I MYJK4IMH IIO IIOBOAY 66CI‘[TIO}II/I}I B 6pa1<e, a TaKXX€ IIpN KPMOKOHCEpBAUN

TOHOPCKOJ CITIEPMBI.

® Kmouesvie cnosa: myxckoe Gecriofue; CyTodHbIe KONeGaHMs; SAKY/IAT; CIIEPMOTPAMMA; IOHOPbI CIIEPMBL.

INTRODUCTION

Semen parameters vary on the basis of many fac-
tors, such as the duration of sexual abstinence, the
time of sexual stimulation prior to ejaculation, and
the degree of sexual arousal [1-4]. Studies have
been conducted worldwide to identify patterns of
change in quantitative and qualitative semen pa-
rameters. These studies have been facilitated by the
World Health Organization’s (WHO) initiative for
the standardization of approaches to examine and
process human semen [5] and recommendations
for compliance by professional communities [6, 7].
Results showed that sperm volume [8, 9], concentra-
tion [10, 11], number [12], motility [10, 12], and the
rate of normal forms of spermatozoa [13-15] vary
greatly in different samples from the same man, as
well as over seasons. In addition, men from differ-
ent countries exhibit specifics in these patterns [16].
Practitioners must consider seasonal variability
when examining men for marital infertility and se-
lecting candidates for participation in sperm dona-
tion programs. However, because of quantitative and
qualitative variability in semen parameters over time
of day, seasonal variability is not sufficient for com-
prehensive interpretation of spermatogenesis, and
up-to-date data are controversial. This fact, in addi-
tion to a lack of Russian publications on this topic,
prompted this study to evaluate daily variability in
sperm parameters.

MATERIAL AND METHODS

We conducted a retrospective study on 1253 se-
men samples from 39 sperm donors (mean age
27.1 + 3.9 years) in a reproductive medicine center in
St. Petersburg, Russia. The semen samples were ob-
tained consecutively during the period from October
1, 2015 to October 1, 2017 after 2 or 3 days of sexual
abstinence; each sperm donor donated 2-91 samples
(average 32 £ 29). The sperm donors were selected
according to the requirements of the Order of the

Russian Ministry of Health of 30.08.2012 No. 107n:
“On the procedure for using assisted reproductive
technologies, contraindications and restrictions on
their use” Semen analysis was performed according to
WHO 2010 recommendations [5], and the following
parameters were analyzed: donation time, semen vol-
ume, sperm concentration, total sperm number, pro-
gressive motility, and number of progressively motile
sperm. In addition, the significance of the differences
in these parameters between semen samples obtained
from 9:00 a.m. to 3:00 p.m. and from 3:00 p.m. to
10:00 p.m. was evaluated.

RESULTS

We observed an irregular distribution of the num-
ber of semen samples during the day. From 9:00 a.m.
to 3:00 p.m., we registered 893 (71.3%) semen sam-
ple donations, with a peak of 320 (25.5%) semen
samples from 10:00 to 11:00 a.m. In previous and
subsequent intervals, fewer semen sample donations
were registered, with a minimum value from 4:00
to 5:00 p.m. From 3:00 to 10:00 p.m., we registered
359 (28.7%) semen sample donations, with a peak
from 6:00-8:00 p.m.: 88 (7%) and 89 (7.1%) of semen
sample donations from 6:00 to 7:00 p.m. and from 7:00
to 8:00 p.m., respectively.

In 3 (0.2%) semen samples, quantitative and quali-
tative parameters did not meet the threshold values of
normozoospermia recommended by WHO: 1 (0.08%)
by number, 1 (0.08%) by concentration, and 1 (0.08%)
by progressive motility.

The semen volume varied from 0.6 to 7.6 mL (aver-
age 3.0 £ 1.2 mL). In the first half of the day, the av-
erage semen volume after 9:00 a.m. and in every sub-
sequent hour was lower compared with those of the
previous one and reached a minimum immediately
after noon. At other times, the average semen volume
was high, with significantly larger values noted in sam-
ples provided after 3:00 p.m. compared with those do-
nated earlier (t = 5.63; p < 0.0001). The maximum se-
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Sperm volume, mL
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Fig. 1. Ejaculate volume of sperm donors depending on the time of its collection
Puc. 1. O6beM 3siKyJsiTa IOHOPOB CMIEPMBI B 3aBHCHMOCTH OT BPEMEHH €0 MOJyYeHHs
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Fig. 2. The quantity (millions) of sperm cells in the ejaculate, depending on the time of its collection
Puc. 2. KosnuecTBo (MJIH) CrIepMaTO30HI0B B 3SIKYJISITE B 3aBHCHMOCTH OT BPEMEHH €r0 MOTydeHHsT

men volume (3.6 + 1.0 mL) was observed from 6:00 to
7:00 p.m. (Fig. 1).

The sperm concentration ranged from 13 to
345 M/mL (average 144.1 + 45.0 M/mL), which signifi-
cantly exceeded the threshold values of normozoosper-
mia recommended by WHO. The average sperm con-
centration in semen samples obtained before 3:00 p.m.
was higher compared with that of the semen samples
obtained later (t = 2.03; p = 0.043). However, the maxi-
mum sperm concentration (154 + 6.8 M/mL) was ob-
served from 4:00 to 5:00 p.m.

The average sperm number in semen samples ob-
tained before 3:00 p.m. was less compared with that of
the semen samples obtained later (¢ = 3.66; p = 0.0003).
The lowest average sperm number and semen volume
were observed at the first hour after noon, while the
highest average sperm number and semen volume were
observed from 4:00 to 5:00 p.m. (Fig. 2).

Progressive motility in semen samples was consis-
tently high (average 64.6% * 10.0%) in the morning
and daytime. Lower average progressive motility was
observed in semen samples obtained after 3:00 p.m.

(t = 4.63; p = 0.0003): from 8:00 to 9:00 p.m. and from
9:00 to 10:00 p.m., the average progressive motility was
56.8% + 9.5% and 57.0% * 11.6%, respectively (Fig. 3).
Daily variability in average progressive motility was ap-
proximately aligned with the total sperm number with
a tendency (t=1.76; p = 0.078) to large values after
3:00 p.m. and a maximum value (331 + 134.6 M) from
4:00 to 5:00 p.m.

DISCUSSION

Studies of daily variability in semen parameters have
not been conducted in Russia. A large number of semen
samples, a single-center study conducted by certified
personnel using equipment recommended by WHO,
and the sperm donors’ adherence to the period of sexu-
al abstinence and the rules for sperm collection ensured
high validity in this study.

Analysis of 2-year cryobank archival records in
the reproductive medicine center confirmed the high
variability in the quantity and quality of spermatozoa.
Compliance with the normozoospermia criteria was
found in the majority of cases, which was expected

® YyPOJIOTMYECKUE BEJJOMOCTH

2019 Tom9 Nel ISSN 2225-9074



14

ORIGINAL PAPERS

Progressive motility, %
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Fig. 3. Average values of the proportion of progressively motile sperm (%) in the ejaculate of sperm donors
Puc. 3. Cpejiue 3HaueHus 10011 IPOrPECCUBHO MOJABHKHBIX CIIEPMATO30UI0B (%) B 35KYJISATE IOHOPOB CIIEPMb

as the participants were selected for their high semen
quality. However, our opinion did not always coincide
with that of previous studies. There is no single point of
view on the daily variability in semen parameters. Ac-
cording to the Laboratory of Andrology, University of
Zurich [17], the best semen samples are collected in the
early morning hours, which contradicts the conclusions
of other researchers [18].

Biljan et al. [19] failed to identify any daily patterns
in semen parameters. In contrast, in this study, sperm
volume, total sperm count, and progressive motility
were higher in semen samples collected after 3:00 p.m.,
which was consistent with the observations of Cagnacci
et al. [18] but not with the observations of Xie et al. [17].
We also noted opposite tendencies between daily dis-
tributions of sperm count and sperm concentration,
as well as the rate and number of progressively motile
spermatozoa. The total sperm count and the number
of progressively motile spermatozoa were higher in the
second half of the day, while sperm concentration and
the rate of the rapidly moving spermatozoa were lower
because of differences in sperm volume between semen
samples obtained in the first and second half of the day
not described earlier. In addition, as Xie et al. [17] re-
ported, we found no significant differences in the mean
progressive motility in the morning and early afternoon
hours.

The causes of daily variability in semen parameters
have not been fully studied. One of the factors affect-
ing sperm concentration may be a change in the level of
hormones that regulate the function of the hypothalam-
ic-pituitary-gonadal axis. Analysis of daily variability in
follicle-stimulating hormone concentrations did not re-
veal significant changes, while in a survey of 1797 men
from the European Union and the United States, se-

rum inhibin B levels decreased by ~2% per hour from
8:00 a.m. to noon and by 3.25% per hour from noon
to 4:00 p.m., accompanied by a significant decrease in
sperm concentration and the number of spermatozoa
[20, 21].

Daily variability in sperm parameters is believed
to be associated with daily variability in the tempera-
ture of the scrotum, in turn related to a change in body
position, especially apparent in men with low physical
activity [22]. A study monitoring the temperature of
the scrotum in 60 Danes who planned to have children
showed that occupational hazards and lifestyle factors
contribute to a decline in semen parameters.

Full maturation of the spermatozoid takes approxi-
mately 72-76 days [23], after which spermatozoa accu-
mulate in the vas deferens and the tail of the epididymis
before subsequent ejaculation. Daily variability in se-
men parameters may be related to functional specifics
of the male reproductive system activity in emission
and expulsion phases, which require further study. Dif-
ferences in sperm motility during the day can be due
to changes in the composition of seminal fluid, compo-
nents of which are hormones, cytokines, amino acids,
electrolytes, etc. [24], and further studies are required
in order to investigate them.

Our study is of practical value. Its results indi-
cated that semen samples should be taken after 3:00-
4:00 p.m. However, further investigation is necessary.

Although in this study, we recorded good fertilizing
ability for the vast majority of semen samples, regard-
less of the donation time, the study was based on the
analysis of semen parameters in men with initially high
levels of sperm concentration and progressive motility;
therefore, these data should be extrapolated to other
men with caution. The observed patterns may be due to
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individual characteristics of a donor group, which could
vary depending on living conditions and health status.
In this regard, several spermograms are recommended
for fertility analysis in men with marital infertility.

CONCLUSION

Although the results obtained in this and other stud-
ies do not allow us to finally formulate a general idea
of the patterns in daily variability in semen parameters,
they can be considered by reproductive health special-
ists when interpreting spermograms and preparing do-
nor sperm samples for analysis.
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