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Introduction. The problem of infertility in Poland affects
about 1.5 million pairs. It is estimated that the male factor
is responsible for 40–60% of reproductive disorders. Over
recent years, there has been a decline in sperm quality. This
phenomenon may be the result of external factors, such as
stress, poor testicular thermoregulation, exposure to heavy
metals and xenoestrogens, alcohol consumption, smoking and
drug use.
Aim. Analysis of sperm parameters of patients Ab ovo in the
Family Health Center in Lublin in 2003–2013.
Material and methods. The study included 4,235 men dia-
gnosed for infertility in the years 2003–2013. Semen parame-
ters were evaluated according to the guidelines of the World
Health Organization.
Results. The analysis showed a statistically significant decre-
asing trend for concentration and normal sperm morpholo-
gy. The average concentration of sperm in the age group 18–
29 years decreased from 42.31 million per ml in 2003 to 23.80
million per ml in 2013. In the age group 30–40 years, the
average concentration decreased from 47.05 million per ml
in 2003 to 24.17 million per ml in 2013. The average percen-
tage of valid forms of sperm decreased annually by 2.2665%
and 2.3505% for age groups 18–29 years and 30–40 years,
respectively.
Conclusions. Our results are consistent with the generally
observed global trend for a decline in sperm quality.
Key words: infertility; semen; sperm concentration; sperm
morphology

INTRODUCTION
Infertility is defined as the failure to achieve
a pregnancy after a year of regular unprotec-
ted sexual intercourse. It is estimated that this
problem affects approximately 15% of the
population, i.e. about 1 million pairs in Poland
[1]. The male factor is believed to be respon-
sible for 40–60% of infertility cases [2]. At the
end of the previous century, numerous reports
on the global decline in semen quality appeared.
It was demonstrated that the average concen-
tration of sperm decreased from 113 to 66
million per ml in 1938–1990, which accounts
for a 1% decline annually. At the same time, the
average ejaculate volume decreased from 3.4 to
2.8 ml [3]. Also, comparative studies encompas-
sing years 1934–1996, conducted by Swan et al.
[4], revealed significant deterioration of semen
quality. These results have been confirmed by
studies conducted in other countries (Tab. 1).

External factors are believed to be the major
cause of deteriorating fertility in men. Various
forms of stress, including psychological stress,
can affect male fertility. Both mild and severe
stress decreases blood testosterone levels and
impairs spermatogenesis [5]. Analyses of a re-
lationship between the quality of life, measured
with the Campbell questionnaire, and semen
parameters have shown a significant positive
correlation. Susceptibility to stress and deterio-
ration of the quality of life associated with
mood, which might lead to depression, can
cause secondary infertility [6]. Also, occupatio-
nal stress has been found to affect ejaculate
volume and the number of progressively moti-
le spermatozoa [7]. The phenomenon of infer-
tility more frequently concerns men with impro-
per testicular thermoregulation. Work condi-
tions, sedentary lifestyle, using sauna and hot
baths, and placing laptops near the scrotum lead
to the overheating of the testicles, which is
conductive to a decline in sperm concentration
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and motility [8–10]. The exposure of men to
xenoestrogens, such as diethylstilbestrol (DES),
industrial products and phenols (onylphenol,
bisphenol A or octylphenol), pesticides and
herbicides as well as phytoestrogens, disrupts
the natural estrogen–androgen balance. Estro-
gen-like compounds have a negative influence
on the development of male fetuses and sper-
matogenesis in adult men [11,12]. Pesticide
exposure lowers the concentration, viability and
count of normal spermatozoa [13]. Moreover,
sperm concentration, motility and morphology
can be also affected by smoking. Smokers pre-
sent 23% lower sperm counts, 13% lower
motility and a higher grade of sperm DNA
damage compared with non-smokers [14,15].
Smoking is associated with a 48% increase in
leukocyte concentrations in semen and 107%
increase in ROS levels [16]. Moreover, alcohol
consumption also contributes to disorders in
male reproductive health. Alcohol lowers testo-
sterone production, leading to a decline in li-
bido and decrease in sperm count. Alcohol
consumption greater than 15.4 g daily results
in an increase in the number of abnormal sper-
matozoa [17,18]. It has also been proven that
drug use (marijuana, opiates, cocaine or me-
thamphetamine) can cause male infertility.
Cannabinoids contained in marijuana have
a negative impact on spermatogenesis and de-
crease testosterone concentration, thereby re-
stricting sperm motility and negatively affecting
the acrosome reaction [19]. Men using opiates
present lower libido and symptoms of hypogo-
nadism due to lower testosterone and luteini-
zing hormone concentrations in blood [20].

AIM
The aim of the study was to evaluate semen
parameters in men diagnosed for infertility in
the years 2003–2013.

MATERIAL AND METHODS
The analysis involved sperm specimens collec-
ted from patients examined in the Family
Health Center in Lublin in the years 2003–
2013. The study is retrospective and concerns
semen analysis results of 4,235 men diagnosed
for infertility. The male population came from,
lived and worked in both rural and urban are-
as of the southeastern Poland. The men were
divided into two groups based on age: group
M (young patients aged 18–29, n=1,638) and
group S (older patients aged 30–40 years,

n=2,597). Cancer patients and those with azo-
ospermia were excluded from the study.

Ejaculate was collected to a sterile container
by masturbation in a room next to the labora-
tory. Sexual abstinence lasted from 2 to 7 days.
All semen parameters (volume, concentration,
motility and morphology) were assessed in
accordance with the guidelines of the World
Health Organization (up to 2010, the methods
from 1999 were used [21], whereas after 2010,
the 2010 guidelines were followed [22]). The
semen samples were put aside for liquefaction
at 37°C. Ejaculate was examined within 30
minutes from liquefaction for no longer than 60
minutes. Sample volume was specified using
sterile serological pipettes. Concentration and
motility were determined at 37°C using a he-
mocytometer (Helber Counting Chamber Hawk-
sley 0.02 mm, for sperm counting). Spermato-
zoa were characterized based on progressive
motility “A,” progressive motility “B,” non-
progressive motility “C” and immotility “D”;
motility was expressed in percentage. The sam-
ples were examined by three identically trained
lab workers. An internal semen quality control
was conducted in the laboratory.

The results were analyzed using Statistica 10
and Microsoft Office Excel. The significance of
individual indices of the linear trend was tested
with the Student’s t-test. The significance level
was p = 0.05.

RESULTS
Table 2 presents the results of the analysis for
each of the tested parameters (Tab. 2). The
average sperm concentration in the age group
18–29 years decreased from 42.31 million per
ml in 2003 to 23.80 million per ml in 2013.
In the age group 30–40 years, the average
concentration decreased from 47.05 million per
ml in 2003 to 24.17 million per ml in 2013.
According to the linear trend diagram, a decre-
asing trend for sperm concentration in the
tested period was observed in both age groups
(Fig. 1 A, B) and was statistically significant
(p<0.05). Concentration decreased each year
by 1.7073 million in group M, and by 2.1305
million in group S. The Student t-test, used to
compare the concentration values in both gro-
ups in the consecutive years, showed that the
mean values were statistically significantly hi-
gher in group S only in 2007, 2011 and 2012.
Sperm motility (A+B%) increased annually in
patients aged 18–29 by 0.4203%, and in men
aged 30–40 by 0.4119%. The linear trend for



30

© GinPolMedProject 4 (42) 2016: 027-032

Volume
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Morphology
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(A+B%)

Concentration
(million per ml)

Mean ± SDMean ± SDMean ± SDMean ± SD

Number
of

patientsA
g

e
g

ro
u

p

Year
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2003 156 42,31 ± 53,81 43,22 ± 21,01 24,40 ± 14,41 3,63 ± 1,92
2004 115 38,97  ± 37,39 37,67 ± 20,77 20,78 ± 12,35 3,93 ± 1,67
2005 138 30,80 ± 34,96 38,16 ± 17,60 18,47 ± 12,05 4,15 ± 1,82
2006 154 32,72  ± 56,23 40,38 ± 17,63 15,76 ±10,31 4,03 ± 1,75
2007 98 23,53 ± 25,09 38,22 ± 18,16 15,92 ± 12,66 4,15 ± 1,99
2008 153 26,80 ± 28,75 41,55 ± 17,06 9,03 ± 7,44 4,08 ± 1,65
2009 191 20,59 ±22,83 41,55 ± 17,89 6,42 ± 5,29 3,91 ± 1,92
2010 142 27,85 ± 31,01 44,06 ± 14,62 4,77 ± 3,96 4,08 ± 1,89
2011 159 23,49 ±26,73 42,26 ± 15,28 3,53 ± 3,25 4,11 ± 2,01
2012 178 23,81 ±19,74 41,93 ± 15,93 3,44 ± 3,67 3,85 ± 1,82
2013 154 23,80 ± 24,26 44,46 ± 15,76 3,68 ± 2,89 4,30 ± 2,02

30
-4

0 
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ar
s

2003 195 47,05 ± 54,67 45,65 ± 19,89 26,09 ± 12,89 3,89 ± 1,91
2004 264 47,61 ± 62,30 36,22 ± 19,18 21,40 ± 12,45 3,70 ± 1,96
2005 234 32,27 ± 35,14 38,44 ± 18,63 19,32 ± 12,71 3,84 ± 1,69
2006 193 35,99 ± 41,94 38,82 ± 17,73 16,19 ± 10,44 3,82 ± 1,74
2007 247 34,61 ± 46,76 39,98 ± 17,48 16,24 ± 11,71 3,98 ± 1,92
2008 196 26,34 ± 32,14 42,52 ± 15,81 8,64 ± 6,45 3,80 ± 1,81
2009 310 22,81 ± 21,24 43,93 ± 14,96 6,95 ± 5,80 4,17 ± 1,88
2010 283 25,10 ± 23,73 41,25 ± 16,01 4,38 ± 4,00 3,85 ± 1,85
2011 195 29,36 ± 26,24 44,65 ± 14,41 4,56 ± 3,84 3,95 ± 1,68
2012 287 28,20 ± 24,98 41,70 ± 15,19 3,76 ± 2,79 3,65 ± 1,70
2013 193 24,17 ± 21,17 44,84 ± 16,19 3,93 ± 2,93 3,94 ± 1,80

Tab. 2. Semen parameters (mean ± SD) of men in the years 2003 to 2013

Fig. 1A. Linear trend for decreasing
sperm concentration in men aged
18–29 years

Ryc. 1B. Linear trend for decreasing
sperm concentration in men aged
30–40 years
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sperm motility was not statistically significant
(p>0.05). The mean percentage of valid sperm
forms decreased from 24.40% and 26.09% in
2003 to 3.68% and 3.93% in 2013 for group

M and S, respectively. The decreasing trend for
sperm morphology was statistically significant
in both groups (p<0.0001). Among patients
aged 18–29, sperm morphology decreased an-
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nually by 2.2665%, whereas among patients
aged 30–40, the average percentage of valid
forms of spermatozoa decreased by 2.3505%.
The Student t-test used to compare the percen-
tage values between both groups in the conse-
cutive years has shown that sperm morphology
was statistically significantly higher in group
S only in 2011 (p=0.0066). In the remaining
years, the mean values did not differ significan-
tly (with the significance level of 0.05) betwe-
en the groups.

DISCUSSION
Recent years have shown an increased need for
assisted reproductive technology in pairs wan-
ting to have children. This is largely associated
with semen quality decline. Sperm parameters,
such as concentration, motility and morpholo-
gy, are strictly connected with one another.
Factors responsible for deterioration of one of
them tend to affect the remaining two [23]. It
is suggested that stress, exposure to harmful
substances, estrogen-like compounds, stimu-
lants, drugs, bacterial infections and sexually
transmitted diseases can contribute to semen
parameter deterioration [6,14,19,20,24]. The
World Health Organization has changed refe-
rential values for individual sperm parameters
over the years. In 1980, the range for normal
concentration was 20–200 million per ml, and
normal morphology – 80.5%. In 1992, the
norms were changed: for concentration to >20
million per ml, and for morphology to >30%.
According to the latest guidelines, sperm con-
centration should be >15 million per ml, and
morphology >4% [22,25]. The data presented
above indicate that semen parameters do dete-
riorate over time thus supporting previous re-
ports about the global decline in sperm quality
[3,4]. However, Cocuzza M and Esteves SC
[26] argue that there is no sufficient evidence
to support the global decline in semen parame-
ters. In some studies, it has been noted that
sperm quality has neither decreased nor stayed
the same, but even slightly increased in recent
years [27,28]. However, the author’s own stu-
dies demonstrate a statistically significant decre-
asing trend concerning sperm concentration.
Similar results were obtained in France [29,30],
Scotland [31], Greece [32], Israel [33], New
Zealand [34], Finland [35] and Tunisia [36].
Nevertheless, other authors present different
outcomes: an increased sperm concentration
over time [37]. Our study, conducted from
2003–2013, showed a slight increase in sperm

motility (progressive motility A and B). This
trend occurred not to be statistically significant.
Andolz et al. [38] also observed increased sperm
motility. However, opposite findings were
noted in certain countries [29,33,39], and other
analyses present no tendencies concerning this
parameter [36,40]. Our data also show a decre-
ase in the number of valid forms of spermato-
zoa over time. The number of spermatozoa with
normal morphology decreased by 2.2665% in
men aged 18–29 and by 2.3505% in men aged
30–40 annually. Other authors have noted si-
milar tendencies [29,36,38,41]. However, one
study reports an increase in the number of
spermatozoa with normal morphology [27]. It
is suggested that sperm morphology could
change over time due to different classification
criteria and experience of lab workers evalu-
ating samples [38].

CONCLUSIONS
Despite the fact that the existence of global
semen quality deterioration is still a matter of
debate [42], our results seem to be in line with
this hypothesis and the generally observed trend
concerning the decline in concentration and
valid sperm forms. Further studies should fo-
cus on the cause of these trends in order to
reverse them.
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