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Abstract

Introduction: Temporal global trends of sperm quality remain a matter of debate. It is widely believed
that exposure to endocrine disruptors during fetal life can damage testicular function, cause testicular
cancer and impair reproduction.

Materials and methods: This was a retrospective, cohort study using data from a single IVF center
located in Thessaloniki, Greece, during the period 2004-2013; including male partners of infertile Greek
women, undergoing oocyte donation treatment for the first time. Local polynomial smoothing was used
to assess visually possible trends in the data. One-way ANOVA was used for the comparison of means of
variables of interest between years. The Pearson Chi-squared and the Chi-squared test for trend were
employed to test for the independence and trend respectively of the occurrence of concentrations <20
million/ml and the year of study.

Results: A total of 1113 participants were analyzed. The mean sperm concentration increased significantly
between 2004 and 2012 (39.5million/ml versus 59.1million/ml; p<0.001), but without forming a visible
upward trend; the mean total motility remained statistically unchanged (56% versus 49.8%; p=0.239), as
well as the percentage of sperm concentration of less than 20million/mL (23.5% versus 24.4%; p=0.249),
whereas the mean of rapid progressive motile sperm decreased significantly (41.1% versus 30%; p<0.001),
forming a visible downward trend.

Conclusions: Sperm motility and annual percentage of oligospermic males presenting with a sperm
concentration of less than 20 million/mL showed an absence of significant change and temporal trend.
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Rapid progressive motile sperm deteriorated significantly, revealing a visible time-related downward trend.

Key words: semen quality, sperm concentration, sperm decline, infertility

Introduction

An ongoing, still unresolved scientific debate
regarding temporal trends of semen quality was
triggered in the 1990s’. A meta-analysis that evalu-
ated 61 published papers regarding semen quality
parameters of 14947 samples concluded that during
a period of 50 years, between 1938 and 1991, global
sperm counts of non-infertile men declined by 50%,
that is 1% per year?

The impact of the Carlsen study was massive, as
for the first time it was evident that a continuous
deterioration of semen quality could potentially jeop-
ardize human fertility?; at the same time, significant
criticism was raised regarding the high heterogene-
ity of the participants?, the lack of adjustment for
confounding factors that are known to cause great
variations in semen parameters*®, the variability
of the laboratory techniques employed for semen
analysis®, as well as the improper statistical tools
employed to interpret the data’.

Regarding temporal trends of semen quality pa-
rameters in the Greek population there is only one
retrospective study published in 1996, reporting a
statistically significant decrease in the sperm count
of male partners of couples investigated for sub-
fertility in the greater area of Athens, over a period
of 17 years®. To our knowledge, this early publication
was followed by a paucity of relevant data and until
now, no other attempt or publication has updated
data with respect to possible trends in semen quality
among the Greek population.

This study aimed to investigate whether semen
parameters among male partners of infertile Greek
couples, undergoing oocyte donation treatment in
a single fertility center for the first time, exhibit
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significant changes over a period of 10 years.

Materials and Methods

This retrospective study was conducted in a single
private fertility center (IAKENTRO) in Thessaloniki,
Greece; over a period of ten years (January 2004-
December 2013). The present study was approved
by the ethical committee of the Institutional Board
regarding the protection of personal data analyzed
(approval decision No 5/2014 dated 3/2/2014).

The study population were male partners of totally
infertile Greeks, who were seeking oocyte donation
treatment for the first time and for whom information
about age and fresh semen quality parameters was
available. Couples were excluded if the male partner
was diagnosed with obstructive azoospermia follow-
ing surgical sperm retrieval, if he was treated in the
past either for cryptorchidism or for genital cancer,
if the semen provided was not freshly ejaculated by
masturbation and if they have been using procreative
drugs and steroids of any kind in the past, as these
factors have been reported to impair semen quality.
For each individual, a preliminary spermogram and
a semen culture were always available prior to IVF
treatment, following the fertility investigation of the
couple the preceding year.

All semen samples included in the study were
obtained by masturbation and ejaculation into a
wide-mouth sterile plastic cup, in a private room
attached to the semen laboratory facilities, follow-
ing strictly 72 hours of sexual abstinence. Each
patient included had a negative semen culture and
was treated for prophylaxis with 500mg/day of
azithromycin during the abstinence period. Each
patient was provided with one semen sample on
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the day of the donor’s oocyte retrieval, which was
examined by the same certified biologist within
one (1) hour after ejaculation employing standard
laboratory procedures in compliance with the 4th
edition of the World Health Organization (WHO)
laboratory manual®. At least thirty (30) minutes
were provided for sample liquefaction on a heated
stage at 37°C. Determination of sperm concentration
and motility status was performed with the Makler
counting chamber which was prewarmed at 37°C
under a light microscope[10].

The primary outcome of the study was sperm
concentration (millions per milliliter). Secondary
outcomes of the study were total sperm motility
(WHO a+b+c, %), sperm rapid progressive motility
(WHO a, %), and the annual count of patients pre-
senting with a sperm concentration of less than 20
million/ml which defines oligospermia according
to WHO published guidelines®.

Normality for continuous variables was assessed
using the Kolmogorov-Smirnov test. Data are de-
scribed as means * standard deviations for con-
tinuous variables and as frequencies followed by
proportions for categorical variables. Local polyno-
mial smoothing was used in order to assess visually
possible trends in the data. Results were compared
with the horizontal line that was defined by the
mean value of the studied variable. One-way ANOVA
with Tukey-Kramer post-hoc tests was used for the
comparison of means of variables of interest between
years. Data for variables measured on a continuous
scale were depicted using box plots and scatter plots.
The Pearson Chi-squared test and the Chi-squared
test for trend were employed in order to test for the
independence and for trend respectively of the oc-
currence of concentrations <20 million/ml and the
year of study. Results are followed by bar charts and
mosaic plots. P-values less than 0.05 were considered
statistically significant. The IBM SPSS 21.0 (IBM
Corp., Armonk, NY) and JMP 11.0 (SAS Inst., Cary,

NC) statistical packs were used for data analysis.

Results

Overall, 1113 male partners of infertile couples
seeking oocyte donation treatment for the first
time, fulfilled the inclusion criteria and entered the
study group analysis with a mean (+SD) age of 43.8
(%6.1) years. During the study period, the annual
size of samples varied between 45 and 183 (mean:
111) couples. Semen parameters and analysis are
shown in Table 1.

The mean sperm concentration during the study
period was 46.8 (SD: 34.9) million/mL, with the
highest value found in 2012 (59.1 million/mL; SD:
33.6 million/mL) and the lowest value found in 2004
(39.5 million/mL; SD: 27.2 million/mL). Overall, a
statistically significant increase was observed in
sperm concentration between 2004 and 2012 (39.5
million/ml versus 59.1million/ml; p<0.001) within
the decade of the study (Figure 1). Local polynomial
smoothing was used in order to assess visually pos-
sible trends in the data which were depicted with
scatter plots. Results were compared with the mean
of the variable, revealing no temporal trends of
sperm concentration within the decade of the study.
Annual variations of the sperm concentration within
the years of the study were obvious but these differ-
ences failed to provide a clear visible upward trend,
even though a progressive increase was evident but
with intervals and no consistency (Figure 2). On the
other hand, some annual variations of the sperm
concentrations were significantly different when
compared with others. In fact, lower values of sperm
concentration were encountered in the first years
of the study (2004; 2005; 2006) and significantly
higher values were encountered in the next years
(2008; 2009; 2012). No significant difference was
observed between the rest of the years (2007; 2011;
2013) (Figure 1).

The mean percentage of motile sperm (WHO a-c)
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Table 1. Semen parameters and analysis among male partners of infertile Greek women undergoing

oocyte donation treatment for the first time in a single IVF center in Thessaloniki.

YEAR NO. OF AGE (Y) SPERM SPERM PROGRESSIVE SPERM
PATIENTS CONCENTRATION  MOTILITY SPERM CONCENTRATION
(MILLION/ML)  (WHOA-C%)  MOTILITY <20 MILLION/ML (%)
(WHO A%)
2004 85 43.9 (5.4) 39.5 (27,2) 56 (16.5) 41.1 (15) 23.5
2005 140 443 (5.3) 39.9 (26.4) 54.6 (19.4) 38.0 (18) 21.4
2006 152 43.6 (5.9) 41.9 (26.2) 50.8 (21.2) 33.8(19.2) 20.4
2007 183 441 (6.2) 46.9 (36.8) 52.9 (17.8) 32.3 (16.8) 15.8
2008 129 44.3 (6.6) 55.8 (46.5) 52.4 (18.4) 33.4(16.2) 17.1
2009 142 44.5(5.8) 55.3 (39.3) 55.5 (19.8) 36.2 (18.3) 16.9
2010 109 43.8 (7.6) 40.2 (29.9) 50.8 (17.3) 30.3 (15.3) 275
2011 72 43.4 (6.7) 45.6 (35.3) 50.9 (18.1) 30.4 (16.7) 27.8
2012 56 43.7 (5.4) 59.1 (33.6) 53.3 (17.6) 30.4 (16.3) 17.9
2013 50 43.1 (4.9) 48.1 (34.7) 49.8 (19.9) 30 (16.2) 244
Overall 1113 43.8(6.1) 46.8(34.9) 52.9(19) 34.1(17.4) 20.4
ANOVA, Tukey- 4.61 1.29 4.39
Kramer F (df1; df2) (9;1103) (9; 1100) (9;1099)
P <0.001 0.239 <0.001

Pearson ChiSquare
(p value)

11.397 (0.2495)

Note: Values are given as mean (SD), unless otherwise stated; SD: Standard Deviation; y: year; One-way ANOVA with Tukey-Kramer post-hoc
tests was used for the comparison of the continuous variables between years; Pearson ChiSquare test was used to test the independence of the
variable and the year of the study; WHO a-c: rapid progressive motility (a) and slow progressive motility(b) and non-progressive motility(c);

WHO a: rapid progressive motility.

during the study period was 52.9% (SD: 19%) with
the highest value found in 2004 (56%, SD: 16.5%)
and the lowest value found in 2013 (49.8%, SD:
19.9%). The overall difference between the two
values was not statistically important (56% versus
49.8%; p=0.239), as well as the rest of the values,
despite a sense of gradual deterioration (Figure 1).
In addition, local polynomial smoothing, used to
compare data with the mean of the variable, failed to
reveal any kind of temporal trends of sperm motility
within the decade of the study (Figure 2).

The mean percentage of rapid progressive motile
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sperm (WHO a) during the study period was 34.1%
(SD: 17.4%) with the highest value found in 2004
(41.1%, SD: 15%) and the lowest value found in 2013
(30%, SD 16.2%). The overall difference between
the two values was statistically significant (41.1%
versus 30%; p<0.001) (Figure 1). Local polynomial
smoothing, used to compare data with the mean of
the variable, revealed a temporal downward trend
of the progressively rapid motile sperm within the
decade of the study (Figure 2).

The percentage of oligospermic males within the
population of the study, presenting with a sperm
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Figure 1. Box and Whiskers plot diagram of the continuous
variables of interest, of the semen quality parameters by year
from 2004 to 2013. For each year the diagram represents:
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concentration of less than 20 million/mL° showed
wide annual variations during the ten years of the
study period. The highest value was found in 2001
(27.8%) and the lowest in 2009 (16.9%). At the
beginning of the study in 2004, the percentage of
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Figure 2. Scatterplot diagrams depicting individual values
of the continuous variables of interest, of the semen quality
parameters by year from 2004 to 2013. Local polynomial
smoothing was used in order to assess visually temporal
trends in the data (green line). Results are compared with
the horizontal line (black line) that is defined by the mean
value of the studied variable. A. Sperm concentration (million/
ml)- No clear temporal trend; B. Sperm motility (%)- No clear
temporal trend; C. Rapid progressive motile sperm (%)-clear
downward temporal trend.
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oligospermic males was 23.5% revealing a slight
improvement until 2009 (16.9%). From that point
on, the annual percentage exhibits great fluctua-
tions. When the Pearson Chi-squared test and the
Chi-squared test for trend were employed, in order
to test for the independence and for the trend of the
percentage of sperm concentrations respectively, 20
million/ml and the year of study, no relationship was
found (p=0.249) (Figure 3).

Discussion

This retrospective observational study provides
evidence that the sperm concentration of 1113 male
partners of infertile couples seeking oocyte dona-
tion treatment in a single IVF center in Thessaloniki,
Greece significantly increases over a period of ten
years but at the moment, it does not describe a tem-
poral upward trend. In addition, sperm motility, as
well as the annual percentage of oligospermic males
presenting with a sperm concentration of less than
20 million/mL remain relatively stable over time,
without any statistically significant changes and
with an absence of temporal trend. In contrast, rapid
progressive sperm motility appears to deteriorate

I ILI
I‘llj
— el
—
= o o
Ea I ]

Figure 3. Contingency mosaic plot diagram between the
annual percentage of sperm concentration >20 million/ml
(0/red) and the annual percentage of sperm concentration
<20 million/ml (1/blue) from 2004 to 2013.
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significantly, revealing a downward temporal trend
over a period of ten years.

Semen parameters of male partners of infertile
Greek couples were evaluated in an earlier retro-
spective study revealing a statistically significant
reduction in sperm count over a period of 17 years.
The survey included a total of 2385 native Greek men
living in the greater area of Athens, randomly selected
from a pool of 23850 couples of unknown fertility,
attending three different andrological laboratories
during a sub-fertility assessment®. These results were
observed in concert with a parallel progressive incline
of the environmental pollutants of the urban area
over time, implying a causational relationship. Some
may argue that selection and methodological bias was
not avoided as population recruitment and semen
analysis was performed by different technicians in
three different laboratories with different number
of examinations of sub-fertile couples. Our results
did not confirm the aforementioned conclusions as
we failed to reveal any kind of temporal trend with
respect to sperm concentration and motility with
the exception of rapid progressive motile sperm
which exhibited a time-related deterioration. In fact,
instead of a constant decline in sperm concentra-
tion, we observed a significant increase during the
study period which was more profound in certain
periods but yet fragmented and not clear enough in
order to form a visible upward trend. Sperm motil-
ity and annual percentage of sperm concentration<
20 million/ml remained stable. Our results do not
exclude that such a decline in sperm concentration
may have occurred in the past in the male popula-
tion of Athens or even more in the male population
of Thessaloniki as well, but it is not evident in the
present study. In addition, this discrepancy may be
justified as the time frame of the two studies and the
population recruited are quite different.

Our primary results seem to be in agreement
with two recently published prospective studies.
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The first one addressed the matter of a possible
secular trend among young Swedish men from the
general population over the last decade. They con-
cluded that there was no evidence of a time-related
decrease in semen parameters in terms of sperm
concentration (78 million/ml versus 82 million/
ml; p=0.54), semen volume (3.1 ml versus 3.0 ml;
p=0.26), sperm count (220 million/ml versus 250
million/ml) and progressive sperm motility!!. The
second one addressed the same question among
young Danish men from the general population
over a period of 15 years and concluded that there
was an increasing trend in sperm concentration
(43 million/ml versus 48 million/ml; p=0.02) and
sperm count (132 million/ml versus 151 million/
ml; p=0.001) even though only 25% had optimal
sperm quality!2% On the other hand, the results of
the present study are contrary to the conclusions
drawn from a large-scale multi-center retrospective
study conducted in France over a period of 17 years,
evaluating the semen quality in male partners of to-
tally infertile women. The authors argued that there
was a significant and continuous decrease in sperm
concentration of about 1.9% per year, a significant
decrease in normal sperm morphology, but without
any temporal trend in sperm motility3.

Since the release of the Carlsen study, several
major studies have been published evaluating tem-
poral trends of semen parameters of males either
of unproven fertility (general population) or of
known fertility status (fertile or infertile). While
only 8 of them revealed a decline in semen values,
21 suggested either no change or an occasional
increase, and the other 6 showed conflicting re-
sults*5. These discrepancies are mainly attributed
to the intrinsic flows of the studies as most of them
are retrospective, containing limited participants,
who are highly heterogeneous and not properly
adjusted for confounding factors. In addition, se-
men quality values demonstrate both geographical

and temporal (seasonal) variation'*, as well as they
are being greatly influenced by a variety of factors
such as intra and inter-laboratory variations, age,
time of sexual abstinence, frequency of ejaculation,
lifestyle habits, environmental pollutants, education,
socioeconomic status®>1>1,

While declining sperm count is still controversial,
it has been suggested by many authors that increased
exposure, especially in fetal and pre-pubertal life, to
endocrine-disrupting chemicals can be a possible
causative mechanism of reduced sperm produc-
tion. In fact, it is suggested that regional differences
between rural and urban areas observed in semen
quality can partially be attributed to exposure to dif-
ferent levels of environmental pollutants?’. It seems
likely that genetic inheritance and environmental
factors interplay, defining reproductive function in
two ways. Firstly, genetic predisposition can modulate
the susceptibility of spermatogenesis and sperma-
tozoa to the adverse effects of endocrine-disrupting
compounds. Secondly, environmental factors can
cause epigenetic modifications (DNA methylation,
histone modification) with a major impact on sperm
DNA integritys.

The observed variation of semen attributes de-
scribed in the literature doesnot seem to increase
the time to pregnancy or cause impairment of men'’s
fertility'®. Even though it has been shown that fertile
partners of pregnant women exhibit decreasing
trends of sperm concentration over time, the normal
lower value provided in the manual of WHO in 1999
is 20 million/ml. In addition, population fecundity
appears to either increase or at least remain stable
over the last decades probably because of more ef-
ficient coital acts or reduction of sexually transmitted
diseases?®?!, Threshold values of sperm concentra-
tions are of subjective importance in clinical practice
because oligospermic men may still have a chance
of conception and in reverse, normospermic men
can be infertile?s. Several authors have argued that
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when sperm concentration is below 40 million/ml
the fecundity decreases and the time to pregnancy
increases!®?*24,

The major strength of the present study was the
highly homogeneous and well-defined population
recruited over the extended period of ten years,
which was ethically and regionally homogeneous
as they shared the same environmental conditions.
Data were collected from a single fertility center
subjected to internal quality control, and analysis of
the semen parameters was carried out by the same
highly qualified biologist over the entire period, using
standardized laboratory procedures and equipment,
according to WHO-published manuals (WHO, 2009).
On the other hand, the population studied was not
adjusted for several confounding factors due to the
partial lack of relevant information in the register.
Also, the sample size exhibited annual variations
and the participants were of advanced age, there-
fore a degree of selection bias cannot be excluded.
Large-scale, population-based studies are needed
to confirm our results.

Conclusions

The present retrospective study ends along-lasting
paucity of data as it consists the second report ever,
evaluating semen parameters among the Greek popu-
lation. It provides evidence that sperm concentration
of male partners of infertile couples seeking oocyte
donation treatment significantly increases over a
period of ten years, but at the moment it does not
form a visible temporal upward trend. In addition,
sperm motility, as well as the annual percentage
of oligospermic males presenting with a sperm
concentration of less than 20 million/mL remain
relatively stable over time, without any statistically
significant changes and with an absence of temporal
trend. In contrast, rapid progressive sperm motility
appears to deteriorate significantly, revealing a vis-
ible time-related downward trend over a period of
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ten years. There is certainly a need for prospective,
population-based, large-scale studies among the
Greek population in an attempt to provide sound
evidence in terms of possible temporal trends of
semen quality parameters.
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