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ORIGINAL ARTICLE

Decline of semen quality among 10 932 males consulting
for couple infertility over a 20-year period in Marselille,
France

Cendrine Geoffroy-Siraudin"?, Anderson Dieudonné Loundou®, Fanny Romain®*, Vincent Achard’,
Blandine Courbiere®’, Marie-Hélene Perrard®, Philippe Durand® and Marie-Roberte Guichaoua'?

Semen from 10 932 male partners of infertile couples was analysed and sperm parameter trends were evaluated at the Reproduction
Biology Laboratory of the University Hospital of Marseille (France) between 1988 and 2007. After 3-6 days of abstinence, semen

samples were collected. Measurements of seminal fluid volume, pH, sperm concentration, total sperm count, motility and detailed

morphology of spermatozoa were performed. Sperm parameters were analysed on the entire population and in men with normal total
numeration (=40 million per ejaculate). The whole population demonstrated declining trends in sperm concentration (1.5% per year),
total sperm count (1.6% per year), total motility (0.4% per year), rapid motility (5.5% per year) and normal morphology (2.2% per year).
In the group of selected samples with total normal sperm count, the same trends of sperm quality deterioration with time were observed.

Our results clearly indicate that the quality of semen decreased in this population over the study period.
Asian Journal of Andrology (2012) 14, 584-590; doi:10.1038/aja.2011.173; published online 23 April 2012
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INTRODUCTION

Numerous studies suggest a decline in semen quality in some parts of
the world."™ By contrast, other studies have shown no evidence of
deteriorating semen quality.”™'® Some studies concern infertile cou-
ples, while others analyse normal sperm parameters. Thus, a world-
wide decreasing trend in semen parameter values can be neither
confirmed nor rejected.'” It was recently reported that fecundity is
affected by this decrease.'®'® It was speculated that decreasing sperm
parameters are in response to adverse environmental factors.
Nevertheless, the observed discrepancies between studies suggest
regional differences in semen quality.*>™** Variations in environ-
mental factors, industrial pollution and/or lifestyle could explain these
discrepancies. A large number of environmental factors can pollute
air, drinking water and food. This can directly alter the male gonad by
blood—testis barrier disruption and cellular toxicity, or disrupt andro-
gen biosynthesis and action. Among these environmental factors, oes-
trogenic or anti-androgenic endocrine disrupting compounds inhibit
critical cellular process controlling steroidogenesis in Leydig cells and
androgen binding to the androgen receptor.” It has been hypothesized
that endocrine disrupting compounds play a major role in the aeti-
ology of increased incidence of testicular dysgenesis syndrome which
gathers decreased quality of semen, cryptorchidism, hypospadias and
testicular cancer.”* Chemicals with hormone-like activity can also

disrupt programming of endocrine signalling pathways during
development. Indeed, androgen and oestrogen receptors, which play
critical but distinct roles in the physiology of sperm cells, are present on
male germ cells.”> >’

Owing to regional differences in semen quality, laboratories must
conduct their own local studies over certain periods of time.*® This
study’s objective was to analyse sperm parameters in 10 932 male
population as well as a selected sample with a total normal sperm
count over a period of 20 years, from 1988 to 2007. Since its opening,
our laboratory has specialized in semen analysis and has been focused
on spermatozoa research. To this end, we have performed a very
precise, age-adjusted study of semen parameters obtained from the
first semen analysis. These results were then computerized and are
now presented, for the first time, in a detailed analysis of the sperma-
tozoa’s morphology over a course of time.

MATERIALS AND METHODS

Subjects

Patients in the Reproduction Biology Laboratory of the University
Hospital are from Marseille (France) and its region. This area, with
its maritime, automobile and petrochemical activities, constitutes one
of the most heavily industrialized and most polluted regions in France
(Study Aphekom, http://www.aphekom.org/).
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A semen evaluation for all subjects was routinely performed during
the infertility work-up. Approval for this study was obtained from the
French institutional review board, the CNIL (National Board of Data
Processing and Liberties n® 909493) Statistical analyses were per-
formed on the first sperm sample for each patient. We also performed
statistical analyses on selected samples having a total normal sperm
count (>40 million/ejaculate) according to the results obtained by
Mukhopdayay et al.® and Spirada et al.® This corresponded to 7899
semen samples.

Semen collection and quality control

All semen samples were obtained by masturbation at our laboratory
and ejaculated into a sterile plastic cup. Specimens were obtained after
3—6 days of sexual abstinence. This parameter is in accordance with the
World Health Organization’s (WHO) recommendation of 48 h to 7
days of sexual abstinence.”” " The semen was incubated for 30 min at
37 °C for liquefaction. Samples were analysed within 30-60 min after
collection.

During the entirety of the study, four technicians, all having the
same training, worked in the laboratory. One worked for 20 years,
another for 10 years and two for 2 years each. The methods of analysis
did not change widely during the course of the 20 years. The medical
director of the laboratory remained the same for the study’s entire 20
years. A new laminar flow hood with vertical flux and a second micro-
scope for morphological analysis were introduced during this period.
Technicians and medical doctors adhered to strict quality control
(Prospective Biology, Continuous Vocational Training n° 41 54
00025 54).

Semen analysis

Analysis of volume, pH, sperm concentration, total sperm count,
percentages of motility, viability and morphology of spermatozoa
were performed. Ejaculate volume was measured with graduated pi-
pettes and pH was measured with pH paper. Sperm concentration and
motility were evaluated using manual methods. Sperm concentration,
after an appropriate dilution, was assessed by a haemocytometer.
Since 1980, this procedure has been continually recommended by
WHO. Spermatozoa motility was investigated with a Leica phase-
contrast microscope (Leica Microsystems Wetzlar GmbH, Wetzlar,
Germany) fitted with a X40 objective. Because motility was differently
graded after 1996, this study has only considered sperm showing evi-
dence of movements, ‘total motility’ (WHO grades a+b+c),” and the
‘rapid progressive motility’ (grade a) which did not change over the
study. Viability was evaluated using the eosin—nigrosin staining
method.

After haematoxylin/Shorr staining, sperm morphology was evalu-
ated at a magnification of X 1000 and in accordance with the classifica-
tion described by David ef al.>! This is the same classification modified
by Auger and Eustache,” which our laboratory has applied since 2003.
By reason of modifications in this classification, the evolution of ‘nor-
mal sperm morphology’ and of ‘bent tail’ is presented until the end of
2002. For the neck, midpiece and tail, the abnormalities described by
Auger and Eustache,® ‘asymetrical insertion’, ‘thin midpiece’ and
‘irregular tail’ did not appear in the David classification. The other
abnormalities were studied over the 20 years of the study. For the
spermatozoon head, ‘amorphous head’ in David’s classification was
splitinto ‘irregular acrosome’ and ‘irregular post-acrosomal region’ in
the Auger and Eustache classification. Thus, we were able to show
the amorphous head trend over the study period. Leucocytes and
immature germ cells were identified on morphological criteria after
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haematoxylin/Shorr staining. In this study, we took account for the
neutrophil polynuclear leukocytes, spermatocytes and spermatids,
which are easily recognizable in a semen smear stained by haema-
toxylin/Shorr, with a few exceptions.**°

Statistical analyses

Statistical analyses were performed using PASW Statistics version
17.0.2 (SPSS Inc., Chicago, IL, USA). Continuous variables are
expressed as means*s.d. or as median with interquartile range
(according to their distribution). Categorical variables are reported
as count and percentages. Linear regression was used to examine
trends over time in the semen characteristics. Since age influences
the characteristics of semen, multiple linear regression models were
used to assess the effect of age and calendar year on semen character-
istics. The residuals of the fitted linear models were then utilized as the
age-adjusted data. Multiple coefficient of determination (R?) is pre-
sented for each model along with Pvalue. All the tests were two-sided.
The statistical significance was defined as P<<0.05.

RESULTS

Total semen samples
The mean age of the studied population was 35.1%0.9 years. Overtime,
the mean age increased significantly from 34.2£5.8 years in 1988 to
36.5+5.3 years in 2007 (R*=0.837, P<0.001). Only age-adjusted
results are presented.

Neither the seminal fluid volume (3.5*+1.8 ml) nor the sperm
viability (65.7%%*23.2%) varied over the study period. These two
parameters were in the range of the normal values of the WHO
guidelines.”**° The pH increased over the study period (R*=0.719,
P<0.001; Figure 1a).

Decreases in mean sperm concentration and mean total sperm count
were observed over the study period (from 74.1 to 57.1 million ml~ !,
R*=0.972, P<0.001 and from 232.0 to 166.4 million, R*=0.860,
P<0.001, respectively). Nevertheless, the mean values of these two
parameters were always above the normal range. The medians varied
from 50.4 to 35.4 million ml~' for sperm concentration, and from
120.5 to 100.8 million for total sperm count. Hence, these two para-
meters decreased by 1.5% and 1.6% per year, respectively (Figure 1b
and ¢, Table 1).

The proportion of men with a normal sperm count decreased
from 75.0% to 69.1%, with a decrease rate of 0.4% (P=0.013). By con-
trast, men presenting with a severe oligozoospermia (<5 million ml™")
increased by 4% (P=0.002). Azoospermia affected patients increased
by 1.2%, from 3.26% to 5.30%. This increase was not deemed
significant.

The mean percentage of total motile spermatozoa (grades a+b+c)
declined from 1988 to 2007 (from 56.5% to 52.4%, R*=0.329,
P=0.008). The rapid progressive motility (grade a) decreased over
the study period from 26.4% to 8.5% (R’=0.848, P<0.001)
(Figure 1d and e, Table 1).

The percentage of spermatozoa with normal morphology declined
between 1988 and 2002 from 43.1% to 34.8%. It exhibited a negative
correlation with time (R*=0.764, P<0.001) with a decrease rate of
2.2% per year (Figure 1f, Table 1). Detailed analysis of the morpho-
logical characteristics of spermatozoa showed increases of abnormal-
ities of the three regions of the spermatozoa: head, neck and tail (for
details, see Figure 2). The mean number of immature germ cells
(spermatocytes I and II, and spermatids) increased from 2.1% to
8.5% (R*=0.206, P<0.05) and neutrophil leucocytes increased from
0.6% to 7.9% (R*=0.717, P<0.01).
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Figure 1 Linear regression lines of the means per year of the main sperm parameters. For each parameter, the graph shows the linear regression line with 95%
confidence interval over the study period. The pH increases significantly with time (a). Significant decreases in mean sperm concentration (b), mean total sperm count
per ejaculate (c), total motility (d), rapid motility (e) and normal morphology (f) were observed. For the morphology, results are showed until the end of 2002, because
some modifications in morphological analysis were introduced from 2003. M, million.
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Table 1 Semen characteristics of the first sample of 10 932 men consulting for couple infertility between 1988 and 2007

Year Number of samples ~ Sperm concentration (M/ml) Total sperm count (M/ej) ~ Total mobility (%)  Rapid motility (%) Normal forms (%)

Median (IQR 25-75) Median (IQR 25-75) Mean=+s.d. Median (IQR 25-75) Mean=*s.d.
1988 92 50.4 (11.3-102.7) 120.5 (39.1-342.6) 56.5+19.2 20 (0-50) 43.1+19.8
1989 243 42.4 (12.2-89.2) 144.2 (32.9-274.4) 58.5+18.9 30 (10-40) 53.6x17.1
1990 339 47.4 (14-110) 161.7 (42.2-358.6) 60.5+16.8 30 (20-40) 54.2+159
1991 357 52.8(11.6-114.7) 172.5(32.4-385.7) 59.1x16.1 20 (10-40) 48.1+x17.5
1992 360 46.1 (13.1-104.7) 150.5 (37.5-311.0) 57.0%+17.9 20 (10-30) 39.4+17.1
1993 384 38.2(8.9-90.4) 130.9 (29.9-303.8) 55.7x15.7 20 (10-30) 38.8+17.2
1994 552 44.1 (12.5-93) 138.7 (37.9-300.0) 57.8+15.3 20 (10-30) 42.7+18.5
1995 526 36 (7.4-86.4) 120.8 (28.4-302.4) 59.5+16.3 10 (5-30) 43.0+x17.8
1996 456 43 (11.2-91.4) 136.3 (34.8-310.5) 63.7+16.7 10 (0-20) 38.2+17.1
1997 772 449 (14.1-98.7) 139.8 (43.6-326.1) 63.4+16.9 10 (5-20) 38.0+15.8
1998 743 46.4 (12.6-102.8) 145.3 (40.0-330.4) 58.7x17.1 10 (0-20) 38.8+17.1
1999 701 38.4 (8.4-87.9) 135.5 (26.2-296.9) 56.2+17.9 10 (0-20) 38.8+17.7
2000 728 31.7(9.7-77.4) 99.2 (27.3-256.7) 56.9+17.6 10 (5-20) 39.2+23.4
2001 817 36 (7.6-83.3) 106.9 (23.7-279.1) 59.5+17.9 10 (0-20) 38.7+x19.4
2002 678 40.7 (10-89.3) 131.9 (32.2-300.7) 60.2+19.6 10 (0-20) 34.8+18.9
2003 661 35.8 (10.9-75.7) 118.4 (33.8-273.1) 57.9+19.1 10 (0-20) -
2004 607 40.6 (7.8-89.4) 118.2 (27.5-288.0) 56.3+19.9 10 (0-20) -
2005 599 39.8(10.4-88.6 119.7 (30.9-279.0) 55.3+18.0 10 (0-20) -
2006 641 40 (11.7-88.9) 119.2 (31.9-261.2) 51.0=17.9 10 (0-20) -
2007 676 35.4 (9.7-76) 100.8 (25.8-236.0) 52.4+18.6 5 (0-10) -
Rates of decrease 1.5% 1.6% 0.4% 5.5% 2.2%

per year

Abbreviations: IQR, interquartile range; M/ej, million per ejaculate; M/ml, million per millilitre; —, not available.

Selected samples with a total normal sperm count

In the group of selected samples with normal sperm count, the same
trends of sperm quality deterioration with time were observed.
Decreases in the mean sperm concentrations from 94.4 to 76.7 million
ml ™!, and in the mean total sperm count from 304.5 to 235.5 million
were observed over the study period (R*=0.977, P<0.001 and
R>=0.848, P<0.001, respectively). These two parameters decreased
by 1.0% and 1.3% per year respectively). The rapid motility declined
over the study period from 31.1% to 10.7% (R*=0.825, P<0.001,
5.2% per year). The mean percentage of sperm with normal morpho-
logy declined between 1988 and 2002 from 45.6% to 38.6%
(R*=0.719, P=0.001, 2% per year).

DISCUSSION

This report describes the results over a 20-year precise analysis of
sperm from 10 932 patients. Over the course of the study, we adjusted
for the patients’ increased age, as we analysed the sperm parameters. In
this population, we also separately analysed these semen samples with
a total sperm count above 40 million.

Sperm parameters decline in the male population consulting in our
centre
Over this period, we noted declining semen quality in the entire popu-
lation as well as in selected men. Indeed, a significant decrease in both
sperm concentration and total sperm count, and a severe decline of
rapid progressive motility (grade a) were observed in the two popula-
tions. Combhaire et al.*® postulate that the percentage of spermatozoa
with grade ‘a’ motility is the strongest indicator of the potential for in
vivo fertilizing capacity of semen. Our results would suggest that an
increasing proportion of men in our region could be candidates for
assisted medical procreation techniques over time.

Detailed analysis of the sperm morphology showed significant
increase of total sperm abnormalities (until 2002) and also of several
of the functional regions of the spermatozoon, amorphous, multiple

or tailless heads, multiple, headless or bent tails (Figure 2). Sperm mor-
phology seems to be a very sensitive parameter of exposure to the tox-
icants. Any of them should lead to a temporary or permanent decrease in
normal sperm morphology. As expected, semen parameters in the popu-
lation with normal sperm count declined less severely than in the total
population. This observation agrees with the conclusions of Oliva et al.”*
which state that infertile patients constitute a highly susceptible group to
environmental factors. It is also noteworthy that the number of men with
a normal sperm count decreases over time, whereas we observe a con-
comitant increase of severe oligozoospermia and azoospermia in the
population consulting our centre.

Changes in laboratory staff or material could not explain the
observations

We analysed possible causes for our population’s decline of sperm para-
meters and considered that these results would express a selection bias.
Indeed, our patients constituted a population seeking couple’s infertility
treatment. Nevertheless, we showed that a decline of sperm parameters
was also observed in patients with a normal sperm count. Our centre,
since the outset, receives all men in infertile couples. We work with
several physicians from Marseille and its region, who send us their
patients for evaluation of male or couple infertility. Most of the men
attending our centre have no knowledge of their sperm status during
their first consultation. Although the evaluation of the percentage of
motile spermatozoa and morphology is subjective, we emphasize that
all our technicians have had the same training and the techniques of
study remained constant. Since the opening of the laboratory, the strict-
est criteria have been applied. All semen samples wereanalysed according
to standard methods,” > and efforts were made to keep the technique
of semen analysis unchanged. Only the parameters which did not change
over time were taken into account. Normal sperm morphology and bent
tails were studied until the end of 2002. Indeed, Auger and Eustache
classification,>? which was applied in our laboratory since 2003, intro-
duced modifications of these two parameters.
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Figure 2 Linear regression lines of the mean per year of morphological abnormalities which change significantly over the study. For each parameter, the graph shows
the linear regression line with 95% confidence interval over the study period. For the percentage of spermatozoa with bent tail, results are showed until the end of 2002:
(a) amorphous head; (b) multiple head; (c) bent tail; (d) tailless head; (e) headless tail; (f) multiple tail; (g) thin head; (h) cytoplasmic droplet.

Moreover, it is important to note that technicians and physicians Thus, the large sample size, the relatively stable population, the few
adhered to strict quality control (see MATERIALS AND METHODS).  changes in the laboratory staff and the very precise sperm analysis
Although a new laminar flow hood and a second microscope for performed since the lab’s inception are the main strengths of the
morphological sperm analysis were introduced, it does not explain  present study. We also considered the advent of intracytoplasmic
the decline of sperm parameters. The quality of semen analysis sperm injection (ICSI) during this study period. ICSI was introduced
remained a constant. Our goals remain dedicated to sperm analysis, in 1995 in our centre and the curves did not show any drop of semen
research and statistical analysis of normal sperm parameters and parameters during this period (Figure 1, Table 1). Moreover, the
sperm abnormalities. proportion of ICSI (45%) has not varied in our centre since 1998,
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and those patients with severe male factors and actually benefiting
from ICSI were before 1995 proposed for assisted reproductive tech-
nology with sperm donor.

Contribution of environmental factors

During the study, there was an increase of leucocytes and pH, and
infection may be a contributing factor to explain our observations.>
Nevertheless, our results appear to be in keeping with the hypothesis
advanced by Sharpe and Skakkebaek;® that is, environmental factors
during foetal, childhood/pubertal period or adult life, can have det-
rimental effects on spermatogenesis. The higher risk of testicular can-
cer and poor semen quality over the past decades has drawn attention
to the possibility that environmental xenoestrogens may be impli-
cated.”” ™ Among xenoestrogens, phthalates are ubiquitous in human
life. Hsu et al.*® and Han et al*' reported that polycyclic aromatic
hydrocarbons are associated with DNA damages. Recent studies have
demonstrated that not only androgens but also oestrogens have an
important role in male reproduction. Their activity is mediated by
androgen receptors and oestrogen receptors (ERo and ERP) present
on spermatozoa.”>>” The conversion of androgens into oestrogens
is catalysed by cytochrome P450 aromatase (P450 arom) present
in Leydig cells, elongated spermatids and spermatozoa.*>*> Many
endocrine disrupting compounds are chemicals with oestrogenic or
anti-androgenic activity. They modify the synthesis or action of tes-
tosterone or estrogens, or interfere with their respective hormone
receptors. They also promote receptor degradation. Some toxic as
Atrazine appears to interact strongly with a novel functional oestrogen
transmembrane receptor, the G protein-coupled receptor 30 which is
overexpressed in postpubertal germ cell tumours.***

Other pathogenic processes could lead to spermatogenic defects.
Environmental factors may either damage critical genes or alter gene
expression by interfering with the epigenetic programming.*® The
genetic damages may also be revealed by the increasing frequency of
meiotic abnormalities in fertile men in recent decades®” or by models
of germ cell cultures with toxic presence. Meiosis is thus shown to be
severely impaired by low concentrations of hexavalent chromium.*®
Consequently, the increasing concentration of heavy metals due to rise
of vehicular pollution can also impair spermatogenesis. Moreover,
high frequencies of diploidy and disomy were associated with envi-
ronmental exposure and lifestyle habits.*’

It is important to emphasize the marked geographical differences in
the last secular trend in male reproductive function.’*~>? The explana-
tion for this regional trend is not known. Giwercman and Lundgerg-
Giwercman®® argue that the population may genetically differ, but that
probably environmental or life style related factors are operating.
Thus, decline of sperm parameters in our study’s population could
result, to a great extent, from the numerous toxicants of our heavily
industrialized region.

CONCLUSION

Our results clearly indicate that the semen quality in the population of
men consulting for couple infertility decreased in the region of
Marseille from 1988 to 2007. As many authors suggest, we also believe
that environmental factors have detrimental effects on spermatoge-
nesis and therefore following regional trends of semen quality are
required. Semen analysis is a non-invasive method, and, although it
is generally admitted that semen parameters are poor indicators of
fertility potential, abnormal semen analysis suggests that the probabil-
ity of achieving fertility is lower than normal.>>~> We would like to
draw particular attention to the trend of the sperm count curve over
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time. Presently the decline is linear, but a break in the straight line, if
occurring, could predict a severe and alarming defect of the repro-
ductive function.
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