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Abstract

Purpose: To investigate whether the sperm concentration of European men is deteriorating over the past
50 years of time.

Materials and Methods: We analysed the data published in English language articles in the past 50 years in
altering sperm concentration in European men.

Results: A time-dependent decline of sperm concentration (r = —0.307, p = 0.02) in the last 50 years and an
overall 32.5% decrease in mean sperm concentration was noted.

Conclusion: This comprehensive, evidence-based meta-analysis concisely presents the evidence of decreased
sperm concentration in European male over the past 50 years to serve the scientific research zone related to

male reproductive health.
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Introduction

There has been a recent controversy regarding
changes in sperm counts during the last few
decades.' It has been reported vastly in the last 20
years that sperm count is declining worldwide. The
deterioration of semen quality was first reported in
1974 by Nelson and Bunge.® Then in a meta-
analysis of 61 studies, Carlsen et al. found a signifi-
cant worldwide decline in sperm counts between 1938
and 1990 among 14,947 men with no history of infer-
tility from 23 countries.* In that investigation, they
have found significant declines in sperm count in the
United States, Europe and Australia, but no such
decline in non-Western countries. The results of this
meta-analysis showed that sperm density had declined
globally by about 50% during the second half of the
last century. After this report, in 1997, Swan et al.
published a reanalysis of 56 studies that confirmed a
significant decline in sperm density only in the United
States and Europe.” However, the findings put forth
by Swan et al. reflected a greater decline in sperm
counts in European countries than that in the United
States, the former being 3% decline per year, while
the later suffered from 1.5% decline in sperm count
per year. Again in 2000, in an extended meta-analysis
of 101 studies, Swan et al. confirmed the decline of

sperm concentration in the period of 1934-1996.° Sub-
sequently, the report of Rolland et al. showed 32%
decline in sperm count from 1989 to 2005.” Since those
reports, the similar declines were also proclaimed by
numerous other studies but were unable to establish
a clear cause.® In our recent articles, we have
reported decline in semen volume’ and sperm
count'® in ageing male over the last three decades.

There are many reports regarding the altered sperm
concentration in Europe (Table 1).!'~% The first doc-
ument regarding altered sperm concentration of
European population after 1965 was put forward by
Aabyholm in 1981."" During 1965-1980, there were
no studies recounting altering sperm concentration in
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Table . Studies on changes of sperm concentrations in different age groups in the past 50 years in Europe.

Sample Male age definition

Country Population size (n) (range/mean/group, in years) Study
Norway Andrology lab 51 2045 Aabyholm (1981)
Finland Andrology lab 13 A.25-53;B. 3147 Frick et al. (1981)
United Kingdom Andrology lab 35 >25 Aitken et al. (1982)
Germany Volunteers 43  A.29 (3.2); B. 67 (7.8) Nieschlag et al. (1982)
responding
to advertisement
France Semen donors 809 A.21-25; B. 26-30; C. 31-35 Schwartz et al. (1983)
D. 36-40; E. 41-45; F. 46-50
United Kingdom Andrology lab 38 2045 Stanwell-Smith et al. (1983)
Sweden Cohort study 63  21-50 Osser et al. (1983)
Germany Andrology lab 25 25-36 Wickings et al. (1983)
United Kingdom Andrology lab 47  23-50 Richardson et al. (1984)
Greece Cohort study 14 319 Panidis et al. (1984)
France Andrology lab 52 No age data Spira (1984)
Germany Cohort study 239 1940 Vogt et al. (1986)
Italy Andrology lab 18 2045 Assennato et al. (1987)
Finland Andrology lab 190 No age data Saaranen et al. (1987)
United Kingdom Andrology lab 49  No age data Barratt et al. (1988)
Denmark Andrology lab 14  A.20-62; B. 2942 Rasmussen et al. (1988)
Denmark Cohort study 68  No age data Jelnes (1988)
United Kingdom Cohort study 104 2145 Badenoch et al. (1989)
France Andrology lab 1222  No age data Pol et al. (1989)
United Kingdom Andrology lab 15 21-39 Shrivastav et al. (1989)
Denmark Cross-sectional study 54  A. 33.7; B. 30.6; C. 34.5 Bonde (1990)
Germany Andrology lab 25 Mean age 31.0 Cooper et al. (1991)
France Andrology lab 20 2440 Vignon et al. (1991)
Germany Andrology lab 42 2040 Weidner et al. (1991)
Germany Andrology lab 22 2045 Noack-Fuller et al. (1993)
United Kingdom Andrology lab 28 2340 Wallace et al. (1993)
Denmark Andrology lab 42  No age data Fedder et al. (1993)
Ireland Andrology lab 10 No age data Cottell and Harrison (1995)
Germany Older men planning 64 A 32.2;B. 503 Haidl et al. (1996)
further children
Spain Assisted conception 345 A. <30;B. 3140 Gallardo et al. (1996)
C. 41-50; D. 51-64
Germany Infertility clinic 78  A. <30 (matched by year of Rolf et al. (1996)
attendance)
B. <30 (matched by wives’ ages)
C.>50
Finland Sperm donors 5719 2840 Vierula et al. (1996)
Italy Cohort study 50 2045 Figa-Talamanca et al. (1996)
Denmark Andrology lab [4]  No age data Jensen et al. (1996)
Scotland Cohort study 577 2540 Irvine et al. (1996)
Denmark Cohort study 1055 20-30 Rasmussen et al. (1997)
Spain Infertility clinic 20411 31.9 (5.4); 15-74 Andolz et al. (1999)
Slovenia Infertility clinic 2343 2145 Zorn et al. (1999)
Denmark Sperm donors 1273 A. <35; B. >35 Gyllenborg et al. (1999)
Denmark and ~ Comparative clinical 632 A. 20-35 (Danish); B. 22—47 (Finnish) Jensen et al. (2000)
Finland study
Slovenia Cohort study 444 A. <35;B.>35 Acacio et al. (2000)
Germany Infertility lab 200 A.21-25;B.>50 Jung et al. (2002)

(continued)
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Table I. (continued)

Sample Male age definition

Country Population size (n) (range/mean/group, in years) Study
Denmark Cohort study 551 <35 Carlsen et al. (2005)
Germany Fertility centre 320 A.<30;B.30-35; C. 36-39; D.>40  Winkle et al. (2009)
Netherlands Periconceptional 227 26-59 Hammiche et al. (2011)
prospective cohort
study
Sweden Andrology lab 511 2540 Axelsson et al. (2011)
Finland Andrology lab 858 18-19 Jorgensen et al. (2011)
Poland Infertility clinic 571  No age data Rozanski et al. (201 1)
Denmark Danish one-centre 4867 A. 18-19; B. >54 Jorgensen et al. (2012)
study
Spain Cohort study 273 Mean age 21.3 Fernandez et al. (2012)
France Andrology lab 10932 A. <35;B. >35 Geoffroy-Siraudin et al. (2012)
Spain Cohort study 215 2540 Mendiola et al. (2013)
France Cohort study 26609 18-70 Rolland et al. (2013)
Spain Cohort study 992 2540 Romero-Otero et al. (2015)

Data are represented as mean (SD).

Europe; however, after 1980, several research articles
came up with retrospective analysis of sperm concen-
tration. Some articles also reported causes and risk
factors of male infertility in European population.
These reports showed significantly increased serum
follicle-stimulating hormone and decreased inhibin
B may result in testicular spermatogenic dysfunc-
tion.** Changes in sperm count can also occur after
occupational and environmental exposure to toxic
agents® or from the predisposing factors of the host,
such as age.®®

Thus, the objective of this meta-analysis is to build
up a substantial idea regarding alterations in sperm
concentration in European population by picking the
huge scattered reports of the past 50 years, moulding
them in sequential pattern, statistically analysing and
also correlating the trend with the studies describing
the link factors of decreased sperm concentration.

Methods and materials

Data extraction

Research articles on humans published in English
from 1965 to 2015 have been included in this report.
We have also included the reports of Carlsen et al.,
that is, reports from 1965 to 1992.* We selected pub-
lications about sperm concentration, with predefined
criteria for inclusion and exclusion, as follows:
(1) The non-Carlsen studies published during
19652015 were identified by using Medical Subject

Headings of electronic databases which included
Medline, National Library of Medicine, Bethesda,
MD, with the keywords sperm count, sperm density,
sperm concentration, semen quality, male infertility
and semen analysis. (2) Relevant literature on changes
of the sperm concentration and its influence on future
natural and assisted conception cycles were retrieved.
(3) Data of the subjects with clinical problems have
been excluded. (4) Studies with insufficient numbers
of subjects (n < 5) were excluded. In each case, sperm
concentration and its outcome were evaluated. Ana-
lytic epidemiological studies were emphasized.
Therefore, the current analysis is based on 54 European
studies published in 1965-2015.

Data analysis

For simple statistical analyses, Microsoft Excel v.2013
was used and correlation and regression analyses of
data were done using StatSoft (2011) and SPSS
v.22.0 to calculate correlation coefficient, and it was
considered to be significant if p was <0.05 or <0.001.%
Mean sperm concentrations of all 54 reports were also
analysed with linear regression weighted by number of
subjects included in the individual publications.

Results

During the retrieval of relevant documents, we have
found 54 retrospective studies which have been con-
ducted on altered sperm concentration of European
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Figure |. Temporal decline in sperm concentration
(x 10%/ml) from 1965 to 2015, bubble size corresponds to
the number of men in the study.

population in the last 50 years. The outcome of these
studies is represented in Table 1. Most of the reports are
based on andrology laboratories (44.44%) and others
included epidemiological studies (33.34%) and inferti-
lity clinics (22.22%). Among the 54 published research
works discussed in this article from 1965 to 2015, most
are carried out in the United Kingdom, Germany and
Denmark. Most of the studies have used sample size less
than 500 men (68.51%) and only three studies included
sample size >1000 (16.67%). Out of 54 reports, 83.33%
have provided data about the age of subjects; 70.37% of
these reports have depicted a significant decrease in
sperm concentration from 1965 to 2015. A time-
dependent decline in sperm concentration was observed
from 1965 to0 2015 (r = —0.307, p = 0.02; Figure 1) that
reflected an overall 32.5% decrease in mean sperm con-
centration. In Figure 2, an analysis has been made based
on the sperm concentration values from 1965-1970 to
2010-2015. It shows the first report with all of our inclu-
sion criteria came up in 1980s and it also reveals a
gradual decrease in sperm concentration since then.
Though the mean sperm concentration is much higher
than the WHO reference vale, still it showing a notice-
able decrease in past few decades.

Discussion

Data analysed in this present study suggest that the
sperm concentration of European men seems to be dete-
riorating over time. Our results showed with evidence
that the sperm concentration in European men has
declined 32.5% in the past 50 years, that is, 1965-2015.

Our results support previous reports of similar
findings concerning sperm concentration have been
reported in German,'* %4339 gpanjsh,*0-60:62
Scottish,* French,’-?!:2%33 Norwegian,“ Italian, >3
Danish,?”?3:31:37:4449 po1ish® and Greek.?° Conver-
sely, many studies failed to demonstrate a time-related
decline in semen quality.!522242032404148.51.54.56 w7
have also noticed most of the studies in the past 50 years
had been conducted in the United Kingdom, Germany
and Denmark. Other than these, Finland, Norway,
Sweden, Greece, Italy, Spain and France also
reported the same trend. In a study in 2001,
Jorgensen et al. reported the regional variations in
semen quality in Europe. In that study, they
reported lowest sperm concentrations and total
counts were detected for Danish men, followed
by French and Scottish men, and Finnish men had
the highest sperm counts.®® Another study, via
numerous data, had also showcased most rapid
sperm count decline in Danish men, while an over-
all decline in sperm count in European men owing
to two- to four-fold increased occurrence of testi-
cular cancer over the past 50 years.®

Recently, one of our meta-analysis reported a sig-
nificant decrease in sperm concentration worldwide
between 1980 and 2015 from 91.65 x 10%ml to 39.34
x 10%ml (r = —0.313, p = 0.0002). It has reflected
almost 57% decline in sperm count worldwide from
1980.'° It has also showed recruitment of larger pop-
ulation for this type of study has been increased pre-
dominantly after 1995, also found in this study.
Recent studies on semen quality when brought
together bring conflicting evidence to the forefront
regarding sperm counts with some showing a signif-
icant decline, while some have found no change. In
our study, we reported a more declining trend in North
America, Europe and Asia, whereas studies based on
South America and Australia do not depict such trend,
which suggested the biologically meaningful regional
differences in global sperm counts.'® Conversely, a
recent review from Cocuzza and Esteves’® showed
that there is no enough evidence confirming a global
decline in semen parameters. Curiously, some studies
observed that semen quality has not declined nor
remained steady but slightly increased in recent
years.'#47-33-57 Nevertheless, follow-up studies are
necessary to investigate whether this finding is a real
phenomenon or purely random variation. The discre-
pancy in the results obtained in the studies may be
explained by selection criteria of volunteers or other
confounding factors, such as the number of subjects
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Figure 2. Box and whisker plot of sperm concentration data of European men of the past 50 years.

included in each study. It is noteworthy that the
observed time trend in semen quality might be an arte-
fact, since the methodological variances amongst stud-
ies might be time dependent. In many studies, historical
data collected for other purposes have been used without
close attention to important and specific factors relevant
to an analysis of secular or geographical trends.

In that report, we have also mentioned about the
possible causes of the decreasing sperm concentration.
It has been suggested that the increased frequency of
male reproductive abnormalities reflect adverse effects
of environmental or lifestyle factors, such as occupa-
tional and environmental exposures, medications and
sexually transmitted diseases.®*®> These factors play a
key role in determining reproductive health and can
influence fertility. Over the last few decades, there
have been progressive changes in aspects of our diet,
lifestyle as well as environment. Report in recent years
has shown that the incident of male infertility has
increased as a result of various factors such as environ-
mental pollution, stress and lifestyle. Among lifestyle,
factors such as tobacco smoking, smokeless tobacco
chewing and alcohol intake have a profound negative
impact on general health. The association of lifestyle
factors with deterioration of reproductive health receiv-
ing attention, such as tobacco smoking and chewing,
alcohol, high temperature and some modern electronic
gadget, has shown to affect reproduction adversely.
These factors may impair male fertility by interfering

with spermatogenesis, spermiogenesis, motility, sperm
DNA and chromatin integrity, hormonal regulation or
by reducing the fertilizing capacity of spermatozoa. In
our previous reports, we have also indicated the root
causes of this trend in declining semen quality, high-
lighting on the effects of several lifestyle factors on
male reproductive health.'*’

The expansion and demanding agricultural and
industrial activity worldwide, along with repeated dis-
respect for environmental protection measures, are a
risk to human population’s health. Recently, the effect
of pollutants and occupational factors on reproductive
health has been a matter of debate. Indeed, environ-
mental pollutants such as methyl mercury, pesticides,
lead, welding, organic solvents, radiation, endocrine-
disrupting compounds and household glues have been
shown to compromise male reproductive func-
tion.®*717® A recent report has indicated the repro-
ductive health risk among male after exposure of
bisphenol A (BPA) and other pesticides. It has
reported an altered semen quality from 2007 to
2013 after exposure to BPA. BPA exposure has been
reported to be associated with adverse birth outcomes,
hyperandrogenism, sexual dysfunction and impaired
implantation in humans.”” In one of our previous
reports also we have mentioned the impact of several
pesticides and endocrine disruptors, including BPA,
on declining male reproductive health.®* Alteration of
the male reproductive health may be due to effects on
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the endocrine control of reproductive system’™ *° or

by direct effect on spermatogenesis.®'*? However,
one possible mechanism associated with adverse
pregnancy outcomes due to paternal exposure to
organic solvents is a direct effect on sperm DNA, pro-
ducing mutations or chromosomal abnormalities.®?

In their study in 2001, Jorgensen et al. reported that
the incidence of testicular cancer is five times higher
among Danish men than among Finnish men,***°
which may reflect in their sperm concentration. They
had also added, concerning the gradient in the inci-
dence of hypospadias between Denmark and Finland
seems to parallel that of testicular cancer®® and con-
tributing in reduced sperm count. However, the proper
causes and their correlation with declining sperm con-
centration in European population in the past 50 years
still remain to be elucidated. It should be mentioned
that concrete confirmatory data regarding the causa-
tive agent for declining trends in sperm count are not
available which demands extensive research in this
stratum to find out exactly which environmental fac-
tors or other ‘endocrine disruptors’ are acting as the
culprits of the declining trend of sperm count.®”*°

The potential drawbacks of this study are (i) sperm
concentration data were retrospectively reviewed and,
therefore, (ii) we were unable to collect information on
potential confounders, including occupation of the sub-
jects, smoking, food habits and level of stress. Moreover,
(iii) the inclusion of potential sub-fertile men attending an
infertility centre might be a selection bias. Moreover, as
mentioned by Velde and Bonde in their article about
misconceptions regarding decreasing sperm counts and
fertility in Europe, we are not claiming this decrease is the
sole cause of declining fertility rate and male reproduc-
tive health in Europe. There are innumerable factors
which can contribute to reduced fertility rate.”® Thus,
from this study, we cannot correlate the contributing fac-
tors of declining sperm concentration in Europe in the
past 50 years as well as cannot claim this is the cause of
decreasing fertility in Europe. Following this analysis, we
feel that future prospective studies including representa-
tive samples addressing lifestyle, occupational and other
related factors from each region in general population are
needed to confirm whether sperm concentration is still
declining in Europe.

Conclusion

This study demonstrated with pertinent evidences
that there is an overall 32.5% decline in sperm con-
centration in European men over the past 50 years.

Through this meta-analysis, we are also reporting a
time-dependent decline of sperm concentration
(r = —0.307, p = 0.02) in the last 50 years in Eur-
opean countries. Although the evidence linking envi-
ronmental factors and impaired male fertility is weak,
there are still some evidences suggesting that semen
quality may be influenced by environmental factors
and lifestyle. This finding might have implications on
fertility status of European men and emphasizes the
need for further studies addressing lifestyle and other
factors in order to find the proper correlation with the
causative agents.
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