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Abstract: A decline in human sperm quality and quantity has been reported in numerous Western countries. This
observation was also accompanied by an increase in urogenital malformations. The need for epidemiological
studies dealing with unbiased populations in order to understand the causes of these observations is obvious.
In Switzerland, the large majority of young men are asked to attend a military camp to be drafted into the army.
A few weeks before this camp, conscripts were contacted and invited to participate in a large national study on
semen quality. The participation was totally voluntary and anonymous. From September 2005 to June 2007, 770
volunteers filled out a questionnaire, underwent a clinical examination and provided sperm, blood and urine samples. Using self-rated health assessments, the observed cohort could be considered as healthy and no testicular
cancer was found. Moreover, the testicular volumes, measured using Prader’s orchidometry and ultrasonography,
were comparable to those already published for young male populations. The median sperm concentration was
47 x 106/ml, which is close to the concentration reported in Denmark, known to have the highest incidence of
testicular cancer in Europe. Statistically significant differences were observed between regions with a lower sperm
concentration for men residing in the Alps (43 x 106/ml) and in the Zürich area (36 x 106/ml) compared to men
from West Plateau (54 x 106/ml) and from the Jura (54 x 106/ml). Such a regional discrepancy could be related to
environmental factors, including endocrine disruptors. In order to confirm such regional differences more volunteers from the already studied regions should be studied and other parts of the country should be investigated.
The rather low sperm concentration of Swiss young volunteers should be considered as a national health issue
and investigated further.
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Introduction
Over the past few decades, various animal
species have started to show abnormalities
in their reproductive system.[1−3] One of
the best-known examples concerns the al-
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ligators from the Apopka Lake in Florida.
An abnormal ovarian morphology as well
as disorganized testes and penis size were
reported.[4] In a recent study comparing
the development of young alligators in two
American lakes, such deteriorations were
correlated to a maternal exposure to certain
chemicals, such as dichlorodiphenyltrichloroethane (DDT).[5] Another example is the
imposex phenomenon. The masculinisation of marine gastropods was linked to
infinitesimal doses (<0.4 ng/l) of tributyltin
(TBT), used since the 1960s as an antifouling agent.[1] In the Lake Thun, Switzerland,
morphologic alterations of the gonads were
observed in 35% of whitefish (Coregonus
sp). The causes have not yet been discovered.[6] In some rivers of the Swiss Plateau
receiving sewage effluents, brown and rainbow trout have altered gills, liver and kidneys leading to a mortality increase.[7]
The precise causes of these defects and
malfunctions are still poorly understood.
An assumption often advanced is the possible implication of endocrine disruptors.
These chemicals, biologically active at
very low doses, can mimic or alter the ac-

tions of endogenous hormones and thereby
unbalance the endocrine system, inducing
harmful effects on living beings and their
offspring.[8]
In humans, the first identified endocrine
disruptor was diethylstilbestrol (DES). This
synthetic, non-steroidal oestrogen was used
from the1940s to 1970s in the United States
and France for pregnant women to prevent spontaneous abortions. In the 1960s,
the first cases of vaginal adenocarcinoma
emerged in girls exposed in utero to DES.[9]
Very quickly, it was found that other urogenital abnormalities among women and
men could be linked to DES exposure.[10]
Testicular dysgenesis syndrome (TDS), including cryptorchidism (testicular maldescent), hypospadias, reduced spermatogenesis and testicular cancer, has often been
observed in men exposed to DES during
foetal life.[11] The etiology of TDS is suspected to be associated with environmental
factors, in particular endocrine disruptors.
For obvious ethical reasons, the experimental study of their effects in humans is
impractical. However, as one of the manifestations of TDS is the decrease of sperm
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density, monitoring this parameter could
indirectly enable the detection of disruptive
substances in the environment.
The increase, in recent decades, of endocrine disruptors in the environment could
be responsible for the decrease of the sperm
concentration in human. Although some
studies indicate no change in the number
of sperm produced by human males during the past 20 years,[12] others suggest a
decrease[13] accompanied by an increase of
hypospadias, cryptorchidism and testicular
cancers.[14] Several studies have established
links between sperm quality and years of
analysis, the year of birth[15] or the geographic region of residence.[16] In a metaanalysis combining data from 101 studies
published between 1934 and 1996, Swann
et al.[13] highlighted, among men in North
America and West Europe, a decline in
sperm concentration as a function of time.
At this point, the biological mechanisms
of action to explain the decline of sperm
production in humans are not well known
and are reduced to a series of assumptions.
One of them established a link between
foetal exposure to certain chemicals and
the onset of fertility disorders during adult
life. Storgaard et al. showed that the quantity of cigarettes smoked by the mother during pregnancy can affect the sperm quality
of the child.[17] Other more direct links between the environment and human fertility
have been raised. In the United States, men
living in an agricultural state (Missouri)
have a lower sperm concentration than men
living in Minnesota, a region less exposed
to phytosanitary chemical compounds.[18]
Someofthepublishedretrospectivestudies have attracted criticisms by experts.[16]
A need for prospective studies collecting a
large number of parameters in an unbiased
population has become necessary in order
to confirm a correlation between the sperm
concentration decrease and the environment.
Our study on male fertility, which is
part of the NRP50 program, was designed
to evaluate environmental influences on
sperm quality and on urogenital tract integrity in young men from various regions of
Switzerland. In a decade, it is planned to
re-contact each participant to obtain data on
fecundity and general health. Here, we report preliminary results on the sperm quality of a cohort of young Swiss volunteers
at the time they are drafted by the Swiss
Army.
Materials and Methods
Studied Population
All healthy Swiss men aged between
18 and 20 are invited for a three-day camp
in order to be drafted into the Swiss Army.
Due to the fact that only men without di-

agnosed chronic diseases are contacted, the
population of conscripts represents 95−96%
of the total Swiss young men (ES, personal
communication). The aim of our study is to
collect data on 3000 volunteers all around
the country. In order to avoid over-representations, a quota for each canton was
calculated according to the total population
density. When this quota was reached for a
canton, the enrolment of cases was stopped
for this region.
The procedure adopted for this study
can be summarized as follows. One month
before the camp, each conscript received
an information letter explaining the goals
of the study, a consent form and two different questionnaires, one for himself and one
for his parents. If he agreed to participate,
the conscript filled out and sent back his
documents. The parents handled their questionnaire separately. All documents were
addressed to the Swiss Army physician
(ES), who was in charge of the study in the
military department and ensured the volunteers’ anonymity. Once the military recruitment was over, the volunteers were asked
to stop on their way back home at our main
laboratory in Lausanne or in the associated
centres (Rüti, Monte Ceneri) in order to go
through the clinical and biological investigations of the study. The whole procedure
was approved by the Ethical Committees of
Lausanne, Zürich and Ticino.
Questionnaires
Each volunteer completed a questionnaire including not only general data (year
of birth, region of residence, current height
and weight) but also information on health
(self-rated health, temperature, drug intake), lifestyle factors (smoking habits, alcohol intake, narcotic consumption, diet),
education and occupation. Detailed aspects
on previous urogenital history such as cryptorchidism, hypospadias, varicocele or inguinal hernia, were also recorded. A second
questionnaire was addressed to the parents
of the volunteers and focused on questions
related to periods close to conception, foetal life and birth of the subject. The transmission of the questionnaire to the parents
was not a mandatory step. The option to fill
out the questionnaires without participating
in the clinical study was also given.
Clinical Examination and Sample
Collection
A first clinical examination was performed for all conscripts during the medical
check-up at the military camp. A series of
parameters was recorded by the examiner,
such as the testicular volumes measured
with Prader’s orchidometer, the anatomy
of the genital area, the presence of surgical
scars, hypospadias, cryptorchidism or varicocele. These clinical data were recorded
anonymously without links to our studied

population in order to get an overview of the
general population. In this study, a cohort of
3210 subjects was analyzed and considered
as the general population of young men.
A second examination was performed
on the volunteers in our laboratory by our
team physicians. The same parameters
were recorded and an ultrasound examination was performed (Logiq 400 CL, GE
Healthcare, Switzerland). This population
was composed of 481 volunteers.
After clinical examination, blood, urine
and sperm samples were collected from
each volunteer. Semen samples were analysed immediately. All samples were aliquoted and stored in plastic tubes at minus
80 °C (New Brunswick Scientific U535, IG
Instrumenten-Gesellschaft, Switzerland)
for further analysis.
Semen Analysis
Each volunteer provided a semen sample by masturbation in a room close to the
laboratory. The ejaculate was collected into
a sterile 15 ml tube mounted with a plastic
funnel (Spermo-Sampler, Veridial, Switzerland). The date and time of the last ejaculation were recorded in order to calculate
precisely the period of sexual abstinence.
Sperm volume was determined by weighing the collecting device before and after
collection. Sperm samples were incubated
for 30−60 min at 37 °C before analysis. A
5 µl sperm aliquot was transferred in a 20
µm deep counting chamber (Leja Products,
The Netherlands) and submitted to Computer Assisted Sperm Analysis (CASA,
SCA System, Microptic SL, Spain). The
CASA system recorded video sequences,
which were stored and immediately analyzed in order to determine the concentration (in 106/ml) and various kinetic sperm
parameters (e.g. WHO motility grades,
average velocity, beat cross frequency).
Smears were also prepared for morphologic examination after Papanicolaou staining.
[19] The percentage of normal forms was
determined under 1000-fold magnification (Eclipse 50i, Nikon, Switzerland) by
two technicians trained in andrology. Two
hundred spermatozoa were observed and
scored as normal or abnormal according to
the Kruger’s criteria.[19] A morphometric
analysis was also performed with the CASA system according to the manufacturer’s
recommendations (SCA System, Microptic SL, Spain). Sizes (length, width, area,
perimeter) and shapes (ellipticity, rugosity,
elongation, regularity) of the sperm head
as well as acrosome volume and midpiece
size were recorded and stored. The morphometric normality of the spermatozoon
was inferred using a computer algorithm
based on the Kruger’s strict criteria. All sequences, pictures and measurements could
at all times be retrieved for further possible
reanalysis.
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Geographic Stratification
In order to observe sperm quality variations in relation to the region of life or
of gestation, data were stratified in different groups according to the classical
Swiss major landscapes (Jura, Plateau
and Alps). Moreover a sub-stratification
was performed in the Plateau. One region,
called ‘West Plateau’, was composed of the
French-speaking part of the Plateau and
the other, called ‘Zürich’, consisted of the
cantons near Zürich city, the largest community in Switzerland. The stratification is
represented in the Fig. At this stage, no data
were available for the other regions of Switzerland, represented in white in the Fig.
Anonymity and Transmission of
Results
In order to preserve anonymity, each
subject received an identification code. The
military medical supervisor of the study
(ES) is the only person able to link the
subject with his personal code. In our database and on all research documents, only
the identification code was recorded. There
was no possible retrieval of a personal identity, nor accidental release of such data to
external parties.
During the enrolment phase, each volunteer was asked whether he wished to
know the results of the sperm test. More
than 99% of the volunteers declared an interest in receiving a report. Once the tests
were performed, the following results were
transmitted to the conscript through the
army clinical supervisor: volume, concentration, total sperm count and percentage
of motile forms. The WHO thresholds for
each parameter were also given. A biological validation was then performed and four
different possible comments were given:
i) All observed parameters are above the
WHO reference values;
ii) One or several parameter(s) fall(s)
slightly below the reference value(s);
iii) One or several parameter(s) fall(s)
strongly below the reference value(s);
iv) No spermatozoa are present in the ejaculate.
Volunteers having comment iii or iv
were invited to provide another sperm sample (visit the laboratory again) at least three
months after the first test in order to confirm
or invalidate the first result.
Database and Statistics
All the data collected were stored in an
in-house built database (FileMaker Inc.,
Santa Clara, USA). Close to 800 variables
were stored in each record. Data were then
exported and studied using a commercially
available statistical package (STATA Corp.,
Texas, USA).
Because most of the parameters are not
normally distributed, it was decided to work
with medians to express the sample estima-

Fig. Geographic stratiﬁcation according to the major Swiss landscapes: West Plateau, Jura, Alps and
Zürich area. The colour density is related to the sperm concentration in each region. The grey square
represents the main laboratory of Lausanne; the grey circle, the associated centre of Rüti and the
grey star, the associated cente of Monte Ceneri.

tor as well as with the 10th and 90th percentiles to evaluate the sample dispersion. The
statistic significances were estimated using
the Kruskal-Wallis rank test for equality
of populations or the Chi-square test for
population independency. No confounding
parameter was considered in the performed
statistical analysis.
Results
Participation Rate
From September 2005 to June 2007,
more than 19’000 young men were invited to participate in the military recruiting
camps in three different recruiting centres
(Lausanne, Rüti, and Monte Ceneri). During this period, 770 volunteers decided to
participate in the complete study (questionnaires and clinical part), which represented
a participation rate of about 4%. From a
cantonal perspective, the participation rate
has considerably varied from a high 8.3%
to a low 2.9%.
Physical and Health Characteristics
of the Studied Population
The studied population was highly homogenous as shown by the narrow 95%
confidence intervals for physical parameters: age 19.8−20.0 years; self-reported
height 178−179 cm; self-reported weight
71−73 kg; BMI 22.4−22.9 kg/m2. Each
participant reported in the questionnaire
his self-rated health (SRH). On a total
of 680 men, 337 reported having a ‘very
good’ SRH (49.6%); 324 (47.6%), ‘good’
SRH; 19 (2.8%), ‘poor’SRH. The majority
of the young volunteers (97.2%) claimed

to be healthy with reporting a good or very
good SRH.
The general urogenital health of the
conscripts was studied using three different approaches, which are the questionnaire filled out by the conscripts, the
physical examination in the military recruiting centres, and the clinical examination at the research centres. For the time
being, specific aspects suspected to affect
spermatogenesis and which have been associated with environmental pollutions,[20]
have been quantified in the observed volunteer population (n = 481) and in the
larger conscripts’ population (n = 3’210)
issued from military camp. The incidence
of genital tract malformations in these two
populations could be, respectively, reported as follow: varicocele 17.9% and 6.8%;
cryptorchidism 1.6% and 0.5%; hydrocele
5.2% and 0.2%; other malformations
14.8% and 7.0%. The other malformations
represented a range of rare malformations,
which were grouped together in a unique
category. In both populations, no testicular
tumour was found. This comparison indicated significantly higher incidences of
varicoceles (p <0.001), cryptorchidism (p
= 0.005) and hydroceles (p <0.001) among
the volunteers. All other genital tract malformations were comparable to those of
the general population.
The mean total testis volumes, with
95% confidence interval in square brackets,
measured by orchidometry and ultrasonography were, respectively, 38.2 ml [37.5−39.0
ml] and 22.3 ml [21.6−23.0 ml]. The difference between the two methods (15.9 ml),
corresponding to 42% of orchidometrymeasured volume, was highly significant
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(p <0.0001). The testis size measured by
orchidometry is comparable to that already
published for young male populations.[21]
Sperm Analysis
Results of the semen analysis for the investigated cohort are summarized in Table
1. The median of sperm parameters is given
as well as the 10th and 90th percentiles.
These parameters are the sexual abstinence
in days, the concentration in 106 spermatozoa per millilitre, the total sperm count
in 106 spermatozoa per ejaculate, the percentage of motile forms and the percentage
of morphologically ideal forms. The subjective morphology represents an analysis
performed by trained technicians, while the
objective morphology stands for the CASA
method. The WHO reference values are
also specified.
A comparison to a similar study performed in Scandinavian countries[21] is summarized in Table 2. The median volume, the
median sperm concentration and 5th/95th
percentiles are given. The sperm concentration in Switzerland was in the same range
of that reported by Jorgensen et al.[21] More
precisely, the values from Switzerland (47
× 106/ml) were below those from Norway
(53 × 106/ml) and close to those from Denmark (44 × 106/ml).
Geographic Stratification
In order to minimize confounding effects, it was decided to restrict the observed
cohort to the people reporting a sexual abstinence of 2−4 days. Thus, the geographic
stratification was performed on data recorded on 329 cases representing 51% of the
complete investigated volunteer population
(n = 642). Table 3 shows the median sperm
concentration, in million spermatozoa per
millilitre, according to the region of residence or the region of gestation.
Looking at the region of residence,
one could observe that two distinct groups
emerged. The first one is composed of the
Jura and the West Plateau and the second
by the Alps and Zürich area. Statistically
significant differences in the median sperm
counts appeared between the four studied
regions (p = 0.02). Similar variations were
observed when analysing the data according to the regions of gestation (p = 0.03).
The subjects who were conceived and born
abroad had sperm counts close to those of
the Jura/West Plateau group.
Second Analysis
On a total of 522 sperm samples, 235
(45%) had all the measured parameters
above the WHO reference values. In 164
cases, one or several parameters were
slightly below these values and the volunteers were not invited to repeat the sperm
test. It should be noticed that, strictly speaking, 55% of the observed cohort have one or

Table 1. Sperm parameters of the studied cohort (n = 653)
Unit
Abstinence
Concentration
Volume

WHO
references

Median

p10

p90

[days]

2−7

3.0

1.7

5.9

[106/ml]

> 20

47.0

10.2

137.5

[ml]

2−6

2.9

1.4

5.0

[106/ejaculate]

> 40

131.5

22.0

422.4

[%]

> 50

58.2

34.2

81.6

Subjective
morphology

[%]
n = 255

> 14

6.5

2.0

14.0

Objective
morphology

[%]
n = 466

> 14

5.0

1.0

14.0

Total sperm
count
Sperm
motility

Table 2. Comparison of sperm concentrations between Switzerland and Scandinavian countries
Median volume
[ml]

Median concentration
[106/ml]

p5

p95

3.1

62

13

175

Estoniaa
Finlanda

3.0

61

3

184

Norwaya

2.9

53

7

179

Switzerland

2.9

47

4

173

Denmarka

3.0

44

4

163

a From

ref. [21]

Table 3. Median sperm concentration (in 106/ml) according to region of living and gestation for a
sexual abstinence of 2 to 4 days.
Region of living
Abroad

Region of gestation

106/ml

n

106/ml

21

55

Jura

75

54

76

54

West Plateau

169

54

150

53

Alps

46

43

40

40

Zürich

39

36

41

36

Total

329

50

328

50

Kruskal-Wallis test

no cases

n

0.02

several sperm parameters below the WHO
reference values.
In 114 cases, the subjects were invited
to repeat their sperm test because one or
more parameters were clearly below the
WHO references. In nine cases, no spermatozoa were found in the ejaculate and the
subjects were asked to come back for confirmation. Out of these 123 cases, only 19
conscripts (15.6%) responded positively to
this invitation. Out of the 19 repeated tests,
12 subjects had an abnormal sperm concentration in the second samples. Azoospermia
was confirmed in the two subjects who repeated the test.

0.03

Discussion
In this study, we present the first preliminary results on urogenital health and semen quality of Swiss young men. An observation of sperm concentration according to
a regional classification is also introduced.
To our knowledge, this is the first study
performed in Switzerland with volunteers
who are not patients undergoing a fertility
treatment. It seems also to be the first time
that we observe semen quality in regard to a
geographic repartition in our country.
The mean participation rate (4%, n =
770) is extremely low regarding other com-
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parable studies performed in Scandinavian
countries where the participation rates were
between 13% and 19%.[22] For the moment,
we do not have any indication to explain
such a low participation. Nevertheless, we
observed a cantonal discrepancy indicating
a higher participation rate in rural regions
than in urban ones.
The studied population is highly homogenous in term of age, height, weight
and BMI. Although height and weight are
self-reported, data are valuable because of
the gender of the subjects. Males underestimate their weight less than females.[23]
Moreover, each volunteer was weighed and
measured the day before commencing the
military camp.
Our studied population reported, using
self-rated health (SRH), a good general
health. SRH is a valuable marker for general health because it includes somatic and
physiological health and is not only based
on diseases but also on positive phenomena
such as a high level of vitality and a good
quality of life.[24]
The highest incidence of genital tract
malformation was the presence of varicocele. It was the case for the volunteers’
population (17.9%) and for the larger group
of conscripts (6.8%). This last incidence is
comparable to the one observed in the literature for young men.[25] The higher incidence in the volunteers’ group could be
explained by use of ultrasonography and
a better training of the urologists of the
research team. A higher incidence of hydrocele could probably also be explained by
the same mechanisms. In our study group,
more than 5% of the subjects had an operated cryptorchid testis, whereas this rate
was below 1% in the larger studied group in
the recruitment centres. One can explain the
higher incidence of cryptorchid volunteers
by the fact that, being aware of the possible
consequences of this condition on their fertility, they were more ready to participate
in the study.
The absence of marked pathologies
among the conscripts is probably falsely
reassuring. In fact, testicular cancer is a rare
disease with an incidence of 8.4/100’000
inhabitants in Switzerland.[26] It is therefore
not surprising that no cases were discovered
in the study so far. Testicular dysgenesis
syndrome (TDS) has been considered as an
indicator for subtle links between decline of
testicular function and increase in cancers
of male gonads.[27,28]
The testicular volume observed in our
studied cohort is comparable to the published values for both methods.[29] The
difference between orchidometry and ultrasonography lies in the fact that the first
method overestimates the testicular volume
and the second underestimates it.[30]
The median value was above the WHO
references for all parameters, except mor-

phology. It should be noted that the 10th
percentiles were clearly below these references for all investigated parameters. One
could also observe the broad statistical dispersion of the concentration and the total
sperm count.
A sperm concentration below 20 × 106/
ml is often considered as abnormal, because
it lies below the reference value published
by the WHO guidelines (WHO 1999). These
guidelines are defined by a group of international experts who have studied populations of healthy fertile men. The reference
values are not intended to set a limit below
which men are infertile. It was reported that,
with an increasing sperm concentration up
to approximately 40 × 106/ml, the waiting
time to pregnancy of a couple decreases.[31]
In our studied population, up to 42% of the
volunteers have a sperm concentration below this threshold. The future fatherhood or
the eventual urogenital tract diseases of this
cohort should be observed in ten years in
order to evaluate the prospective aspects of
the semen analysis on fertility.
The best controlled studies performed
with a similar design to ours are those from
Scandinavian countries.[21] The median
value of sperm concentration measured in
Switzerland (47 × 106/ml) comes close to
the Danish one (44 × 106/ml). It should be
noted that in Europe, Denmark is known
to have the highest prevalence of testicular
cancers and TDS.[32] An impaired spermatogenesis is part of the TDS, which has been
related to environmental influences, including endocrine disruptors.[28,33] One thus has
to consider that the low testicular activity of
the Swiss conscripts should be recognised
as a national health issue, to be taken seriously and further investigated.
We have shown, in terms of sperm concentration, that statistical differences exist
between regions in Switzerland. This observation can be linked to the one performed
in two Nordic countries. Denmark has one
of the highest testicular cancer incidences
in Europe whereas Finland has one of the
lowest.[34] This distribution is also observed
on the sperm concentration level (41 × 106/
ml in Danish men versus 54 × 106/ml in
Finnish men).[21] In our Swiss cohort, two
regions present the same trend regarding
sperm concentration. We reported, in the
West Plateau, a concentration of 54 × 106/
ml whereas a density of 43 × 106/ml was
observed in the Alps. Concerning the lowest
concentration in the Zurich area, we have
no clear explanation so far and this value
has to be taken with caution. It cannot be
excluded that another confounding factor,
acting as an unsuspected bias, is interacting
with our results. A larger study group will
help to confirm these preliminary results.
More than 50% of the whole cohort of
investigated subjects had a sperm sample
below the WHO reference values. Despite

such low semen quality, response to the second invitation for further analysis was poor
and therefore no state-of-the-art conclusion
could be drawn on the status of the whole
cohort.
We report, for the first time, data regarding urogenital health and semen quality in
a healthy Swiss population of young men.
Although these men rated their health as
good, the median sperm concentration was
comparable to that of Denmark, a country
known as presenting high TDS rates. Furthermore, low sperm parameters tend to
influence future fecundity. This is worrying and should be recognised as a national
health issue. The discrepancies emphasized
between regions could be related to environmental factors, including endocrinedisruptor compounds. Thus, completion of
the map of Switzerland in terms of sperm
parameters and urogenital health is crucial:
it should allow the study of the epidemiological, geographical and causal elements
involved in the TDS.
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