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Subject heading:
Semen quality in men from the general population, temporal trend, Denmark

Article summary:

Article focus:

A paper by Carlsen et al. 20 years ago (BMJ. 1992 Sep 12;305:609-13) raised contro-
versy with evidence of a decline in semen quality, and several studies on semen quality
in human populations have followed.

There has been a lack of larger, prospectively collected, quality-controlled data on se-
men quality in the general population.

Key messages:

This study brings good and bad news.

Fifteen years monitoring of semen quality in men of the general population showed a
slight increase in both median sperm concentration and total sperm count.

However, still only a fraction of the men (23%) had optimal sperm concentration and
sperm morphology, and the median percentage of abnormal spermatozoa was as high
as 93% with no sign of improvement during the study period.

Strengths and Limitations:

Large prospective study of semen quality among men of the general population unse-
lected with regard to fertility.

Standardised inclusion and investigation procedures.

Lack of historical, directly comparable data.
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Abstract

Objectives: Considerable interest and controversy over a possible decline in semen quality
during the 20th century raised concern that semen quality could have reached a critically low
level where it might affect human reproduction. We therefore initiated a study to assess repro-
ductive health in men from the general population, and to monitor changes in semen quality
over time.

Design: Cross-sectional study of men from the general Danish population. Inclusion criteria
were place of residence in the Copenhagen area, and both the man and his mother being born
and raised in Denmark. Men suffering from severe or chronic diseases were not included.

Setting: Danish one centre study.

Participants: 4,867 men, median age 19 years, included from 1996 to 2010.

Outcome measures: Semen volume, sperm concentration, total sperm count, sperm motility,
and sperm morphology.

Results: Only 23% of participants had optimal sperm concentration and sperm morphology.
Comparing with historic data of men attending a Copenhagen infertility clinic in the 1940’s, and
men who recently became fathers, these two groups had significantly better semen quality than
our study group from the general population. Over the 15 years, median sperm concentration
increased from 43 to 48 million/mL (p=0.02) and total sperm count from 132 to 151 million
(p=0.001). The median percentage of motile spermatozoa and abnormal spermatozoa were
68% and 93%, and did not change during the study period.

Conclusions: This large prospective study of semen quality among men of the general popula-
tion showed an increasing trend in sperm concentration and total sperm count. However, only
one in four men had optimal semen quality. It seems particularly noteworthy that the median
percentage of spermatozoa with abnormal morphology was high and unchanged at 93%. It is
urgent to investigate the possible roles of our findings for human fecundity.
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Introduction

In the 1990’s a meta-analysis by Carlsen et al.,' showing a decline in human semen quality,
initiated a heated scientific debate. The discussion has recently resurfaced in three papers in
Epidemiology®* and a news article in Science.” The Carlsen paper, which was a review and
meta-analysis of internationally published data on semen quality among healthy men, suggest-
ed there had been a decline in sperm concentration and total sperm count over a period of 50
years. Many were sceptical about the results, and this prompted several researchers to study
trends in their own countries, mostly based on data from semen banks or semen donor regis-
tries. The resulting papers reported heterogeneous findings (reviewed in® and’), with some con-
firming a decreasing trend in semen quality, and others not. In 2000 an updated comprehensive
meta-analysis was undertaken by Swan et al. that confirmed the downward trend.® During the
same period, there is strong evidence for a worldwide increase in the incidence of testicular
germ cell cancer, a disease linked to decreased semen quality.®""

The background for the interest and controversy over trends in semen quality was the
obvious concern that semen quality could have reached a critically low level where it might af-
fect fecundity (i.e. the ability to reproduce). Therefore, since 1996 we have carried out a pro-
spective, quality controlled study of semen quality in annual cohorts of men from the general
Danish population. A total of 4,867 individuals have been included in this study.

Methods

The study population was men from the general Danish population from the Copenhagen area
examined 1996-2010. For interpretation of the results we compared them to published data of
two other studies from the Copenhagen area; a recent study of fertle men (male partners of
pregnant women) examined 1996-1998 by our group, ' and historical data of male partners from
infertile couples examined 1939-43 by Dr. Richard Hammen."™

Study population: Men from the general population examined 1996-2010

In Denmark all men, except those suffering from severe or chronic diseases (<15%), are re-
quired to attend a medical examination before being considered for military service. Men are
called upon to present themselves at the age of 18-19 years, but some postpone this examina-
tion until completion of their education. Men attending the medical examinations are therefore
considered representative of the general population of young men.

In collaboration with the military health authority, men attending these medical examina-
tions in the greater Copenhagen area of Denmark were asked to participate in the present
study, irrespective of whether they were declared fit for military service or not. Further inclusion
criteria for this publication were: place of residence in the greater Copenhagen area, and both
the men and their mothers being born and raised in Denmark. Those men who consented to
participate were given an appointment for examination at the Department of Growth and Repro-
duction at Rigshospitalet (Copenhagen, Denmark). Participants were instructed to abstain from
ejaculation for at least 48 hours prior to attendance at Rigshospitalet, where each man returned
a completed questionnaire, underwent a physical examination, and provided a semen sample.
Participants received a financial compensation (approx. 65 €).

Participants in this ongoing study have been included since September 1996. Two of our

previous publications have directly focused on the semen quality level of men examined Sep-
4
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tember 1996 to March 1998." ' Other publications have included information based on sub-
populations of men examined until the end of 2007,'®*° but no previous trend analysis has been
performed on the material from the entire period. Participants examined up until the end of De-
cember 2010 were included in the present publication, with 4,901 men fulfilling the inclusion
criteria. Data from 34 of the men were excluded: 27 with previous or current use of anabolic
steroids, 6 who had previously received chemotherapy for a malignant disease, and 1 man who
failed to deliver a semen sample (he was later diagnosed with testosterone deficiency due to a
46, XX-male karyotype). Thus, results from the remaining 4,867 men are reported here. The
men comprised annual cohorts of 240-543 men (median 276), 18-29 years of age (median 19).
A detailed description of the study population based on questionnaire information and results
from the physical examination (see below) is summarised in table 1.1. The three types of infor-
mation in table 1.1 “Been diagnosed as having”, “Been treated for” and “Has” are based on
questions phrased as “Has a doctor ever diagnosed you as having...”, “Have you ever been
treated for...”, and “Have you ever...”, respectively. Within 3 months prior to participation, 601
men (12%) had used medication, mainly antibiotics, painkillers, or asthma/allergy medicine.

Questionnaires

A standardised questionnaire was developed for this study. In order to ensure the quality of the
information regarding previous conditions, the questionnaire was sent to participants before
their attendance at the hospital, and they were asked to complete it beforehand and — if possi-
ble — in collaboration with their parents. The questionnaire included information on previous or
current diseases, including any known history of fertility potential, and some lifestyle factors.
The questionnaire has been revised during the course of the study, mainly with new questions
being added, and the current publication includes relevant information available from all partici-
pants throughout the study.

Semen samples

Semen samples were produced by masturbation. The actual abstinence period was calculated
from the self-reported time of previous ejaculation and the time of delivery of semen sample
recorded by a technician. The semen samples were produced in the privacy of a room near the
laboratory and kept at 37°C.

Semen analysis was performed according to WHO guidelines.* In brief, semen volume
was estimated by weighing the collection tube with the semen sample and subtracting the pre-
determined weight of the empty tube, assuming that 1 mL semen = 1 g. For sperm motility as-
sessment, 10 uL of well-mixed semen was placed on a clean glass slide kept at 37°C and cov-
ered with a 22 x 22 mm coverslip. The preparation was placed on the heated stage of a micro-
scope at 37°C and immediately examined at x 400 magnification. The sperm were classified as
progressively motile, locally motile, or immotile.

For the assessment of the sperm concentration, the samples were diluted in a solution of
0.6 mol/L NaHCO; and 0.4% (v/v) formaldehyde in distilled water. The sperm concentration was
subsequently assessed using a Birker-Tirk haemocytometer. Only sperm with tails were
counted.

Smears were prepared for morphological evaluation, Papanicoulaou stained, and finally

assessed according to “strict criteria”.*’
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The laboratory participates in an external quality control program for sperm concentration
assessment as previously described.” **° The results did not show any temporal trend in as-
sessment level in the Copenhagen laboratory. Therefore, no adjustments according to quality
control results were needed. For the first 290 men included in our study, the weight of the empty
semen collection tubes was on average overestimated by 0.5 g, giving an underestimation of
the semen weight by 0.5 g. The data on semen volume among these men were therefore cor-
rected as follows: Corrected semen volume = Observed semen volume + 0.5 mL.

Physical examination

A physical examination of each participant was performed on the day of delivery of his semen
sample. Tanner stage of pubic hair was recorded, and testicular size was assessed, all examin-
ers using the same type of wooden orchidometer.

Comparison population: Fertile men (partners of pregnant women), examined 1996-98
From October 1996 to January 1998, our group also examined the semen quality of 349 fertile
men (partners of pregnant women); the results were published previously."? Pregnant women
were approached during routine visits at the antenatal care unit, and their partners were invited
to participate in the semen quality study. The eligibility criteria were: age 20 to 45 years at the
time of invitation, both the man and his mother being born and raised in Denmark, and concep-
tion of the current pregnancy by normal sexual relations (not as a result of treatment for subfer-
tility or infertility). Participation of these men was similar to that of the men from the general
population: they answered a questionnaire, delivered a semen sample, and had a physical ex-
amination performed. Both physical examination and semen analysis were performed in the
same manner and in the same laboratory as for men from the general population.

A description of the fertile men based on questionnaire information and on the results of
the physical examination has previously been published'? and is shown in table 1.2, which also
includes additional information to allow for a better comparison to the men from the general
population.

Comparison population: Male partners from infertile couples, examined 1939-43

Dr. Richard Hammen published a doctoral thesis with ground-breaking data on male infertility in
1944." From the Copenhagen area in Denmark he investigated 925 men in “childless marriag-
es”, defined as couples where at least 1 year of regular coitus, without use of contraceptives,
had not led to a successful pregnancy.

Hammen’s data originated from two cohorts (“Material 1” and “Material 11”) that he exam-
ined 1939-1943. "Material I” comprised 291 male partners attending the Gynecological Depart-
ment and Dispensary of the Kommune Hospital, Copenhagen. "Material II” consisted of 634
men who delivered basic information and semen sample to the General Laboratory of National
Health Insurance Physicians, Copenhagen. Hammen stated that information regarding duration
of childlessness was somewhat less reliable in this group than in "Material 1”, but concluded that
only a few percent of these men had a duration of childlessness less than one year.

In his thesis Hammen provided patient histories of the study populations. The durations of
childlessness in the cohorts were 1-2 years (12.7%), 2-3 years (22.7%), and more than 3 years
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(64.4%). Secondary sterility was ascertained in 26.8%, as 12.0% had children or abortuses with
other women and 14.8% with their current partners.

The age distribution of the whole Hammen cohort (Material | and 1) was described as
2.7% <25 years, 72.6% 25-35 years, 22.3% 35-45 years, and 2.4% >45 years. Therefore, the
median age seems to be somewhere in early 30’s, similar to that of the fertile men we investi-
gated 1996-98.

Some of the information Hammen obtained was similar to that obtained in our studies of
men from the general population and partners of pregnant women; this is summarised in table
1.2. Information on medical history was obtained from all men in Material |, but only from 548
men from Material Il. Thus, the figures presented in table 1.2 are calculated based on infor-
mation from 839 men.

Hammen did not report height or weight, but noted “moderate or marked obesity” in 6.6%
of the men. Palpable changes in the epididymis were detected in 11.8%, abnormalities of the
testis in 25.2%, cryptorchidism of one or both testes in 5.2%, and varicocele in 11.9%.

Previous venereal diseases were reported by 24.1% of men in Material | and 16.9% in
Material Il. Other local lesions involving the testes were reported (e.g., hernia, cryptorchidism) in
12.1% in Material | and 4.0% in Material Il. Hammen attributed the difference between the two
otherwise similar groups to erroneous information given by the questioned patients in Material Il,
as they were not interviewed by Hammen directly. Previous serious diseases (e.g., pulmonary
tuberculosis, pneumonia and peritonitis) were recorded in 34.7% of the cases. Present chronic
conditions (diseases of the stomach and intestines, especially peptic ulcer and gastritis, neuras-
thenia, and chronic otitis media, chronic familial anaemia, osteomyelitis, bronchitis, diabetes
mellitus, epilepsy, and heart disease) were recorded in 12.7% of the patients.

All men provided a semen sample. They had been instructed to abstain from ejaculation
for at least three days prior to delivery of the semen sample, which was produced through inter-
rupted coitus at home or by masturbation in a private room in the hospital. Exact information
was requested about the period of ejaculation abstinence.

The ejaculates were examined as soon as the specimen was received. Semen was
poured from the collection beaker into a graduated container to assess volume. For assessment
of sperm concentration the following procedure was employed: “After thorough mixing of the
sperm in a shaking-machine or by hand, 0.1 cc. of sperm is added to 1.9 cc. of the diluent (con-
sisting of 190 cc. of physiological salt solution, 7 cc. of a 1% methylene blue solution and 3 cc.
of absolute alcohol). The mixing takes place in a dwarf-tube, containing a glass bead, which is
shaken for 5 min. in a shaking-machine or by hand. The count is carried out with employment of
a Burker-Turk counting-chamber. All sperm heads are counted, also loose heads. Loose tails
are not counted.”

Statistical analysis in the present study

Means, medians, standard deviations (SD), 5-95 percentiles and frequencies were used for
basic descriptions. The study subjects were divided into three groups, depending on the investi-
gation periods: 1996-2000, 2001-2005 and 2006-2010. Between-group differences for continu-
ous variables were tested by the non-parametric Kruskal-Wallis test. Between-group differences
for categorical variables were tested with Pearson’s chi-square test.
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The main outcome variables were semen volume, sperm concentration, total sperm count,
percentage of motile spermatozoa, and percentage morphologically normal spermatozoa. Tem-
poral trend between investigation periods were tested by multiple linear regressions adjusted for
confounders. Semen volume, sperm concentration, and total sperm count were best normalised
by a cubic root transformation before analysis to correct for skewed distribution of residuals. The
percentages of motile spermatozoa were logit-transformed. Percentages of morphologically
normal spermatozoa were close to normally distributed and entered the model untransformed.
Ejaculation abstinence up to 96 hours had an increasing effect on semen volume, sperm con-
centration, and total sperm count (all p<0.05) and was entered as a covariate in the regression
analyses of these variables, whereas it had no effect on morphology or motility. Increasing age
had a non-significant increasing effect on sperm concentration (p=0.8), but a significant increas-
ing effect on semen volume (p<0.0005), and was also entered as covariate. Season of year was
evaluated as a possible confounder for all the semen variables, and duration from ejaculation to
assessment was additionally evaluated as a confounder for sperm motility. Both were non-
significant and therefore not included in the final models.

Differences in semen quality variables between men from the general population and
partners of pregnant women were also tested by linear regressions corrected for the same co-
variates as stated above. Differences in distribution of sperm concentrations and total sperm
counts between men from the general population examined 1996-2010 and male partners from
infertile couples examined 1939-43 were tested by chi-square test.

P<0.05 was considered statistically significant. Analyses were performed using PASW
GradPack 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Figure 1 shows sperm concentrations, total sperm counts, and percentages of morphologically
normal spermatozoa for each year of examination. Grouping results of the 15 years into three 5-
year periods showed a temporal increase in the sperm counts (table 2). Men examined 2006-
2010 had higher median sperm concentration, total sperm count, and total number of morpho-
logically normal sperm count than men examined in the first 5-year period. Similarly, men exam-
ined 2001-05 appeared to have higher counts than the previously examined. Estimating the
average linear increase over the period confirmed the slightly increasing temporal trends
(p=0.02, p<0.0005 and p=0.013, respectively). The median values indicated an increase in se-
men volume, which was confirmed both when the three 5-year periods were compared and
when estimating the annual linear increase (p<0.0005). The percentages of motile and morpho-
logically normal spermatozoa showed no change over time.

As expected, some of the men had previously experienced andrological problems, includ-
ing cryptorchidism, hypospadias, sexually transmitted diseases and/or other signs or symptoms
relating to the reproductive system (table 1.1). As men with such diseases could be more moti-
vated to participate in the study, we performed a sub-analysis on the subgroup of 3,921 men
(80.6%) who were without previous andrological abnormalities. The main conclusion that im-
paired semen quality was frequent remained robust. The results described here are based on
the entire group, whereas the results from the subgroup are shown in the appendix.
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Comparison population: Fertile men, examined 1996-98

Table 3 summarises the semen results of the 349 fertile men examined previously'? and the
men from the general population. The semen variables differed between these groups, with
highest semen volume, sperm concentration, total sperm count, total number of morphologically
normal spermatozoa, and percentage of normal spermatozoa in the fertle men (all p-values
<0.0005). Motility variables were statistically lower for the fertile men. Approximately 42% of the
men from the general population had sperm concentrations below 40 million/mL, and 66% had
less than 9% normal forms (figure 2). For 15% and 35% of men, the sperm concentration was
below 15 million/mL and the percentage of normal spermatozoa below 5%. For the fertile men,
only 8% and 18% were below these “cut-off’ levels. Only 23% of men from the general popula-
tion had the optimal sperm concentrations of more than 40 million/mL and more than 9% normal
forms, in comparison to 42% of the fertile men.

Comparison population: Male partners from infertile couples, examined 1939-43

Figure 3 shows the distributions of sperm concentrations and total sperm counts for our study
group compared with those of men from infertile couples in Denmark 1940-43 (Hammen co-
hort). As shown, our study group had lower sperm counts than the historical cohort (p<0.0005,
for all comparisons).

Discussion

In this large prospective and well controlled study of semen quality of annual cohorts of young
men from the general population, statistically significant increases in sperm concentration and
total sperm counts over the last 15 years were detected. The frequency of morphologically nor-
mal spermatozoa and motile spermatozoa did not show any temporal change, but the calculat-
ed total numbers increased due to the increase in total sperm count. However, it is of concern
that these men from the general population in the new millennium had significantly lower sperm
concentrations and total sperm counts than recently examined fertile men and men of a histori-
cal cohort of male partners of infertile couples. The most noteworthy finding was, however, that
the percentage of abnormal sperms was astonishingly high with a median of more than 93%,
without signs of improvement. Both sperm concentration and sperm morphology measures ac-
cording to strict criteria are known to be informative semen measurements for discriminating
between fertile and infertile men.*® Therefore, there is reason to be concerned about future fe-
cundity of young Danish men. Smaller cross-sectional studies of men from the general popula-
tions in other European countries have shown similar high frequencies of men with poor semen
quality.*®*' Thus, poor semen quality seems to be a wide-spread phenomenon. This interpreta-
tion is in line with the high and increasing need of fertility treatment.*?

We have considered whether immaturity of the men (with a median age of 19 years) could
account for the findings. However, a 4-year longitudinal follow-up with quarterly assessment of
semen quality in a subgroup of more than 150 of the men showed no significant change over
time in sperm concentration, total sperm count and sperm morphology, suggesting that immatu-
rity does not explain our results.*® It is also possible that our results could be skewed by selec-
tion biases. However, during the early stage of our project we carried out a study on blood sam-
ples from the majority of those men who did not volunteer to provide semen samples and
showed that their reproductive hormone levels were very similar to those of the participants.

9
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This suggests that our results are not biased by selection.™ Furthermore, our results hold true in
the subgroup of men without andrological events in their history as presented in the appendix. It
is not likely that the detected temporal trend in sperm count is due to intra- or interobserver vari-
ations. Our laboratory technicians participated in a quality control study of assessment of sperm
concentration, which did not indicate temporal changes in assessment levels. However, a long-
er observation period is needed to corroborate or refute such a positive tendency. Five observ-
ers did 97.6% of all morphology assessments, among which a single observer assessed 91% of
samples in the first 5-year period, 14% in the second period and none in the last. One observer
assessed 14% of samples from the second period, but none from the first or last period. This
observer tended to obtain 1% lower values than other observers (detailed data not shown),
which partly explains the lower number of morphologically normal spermatozoa in the second 5
year period. Assessment of semen volume was also controlled and corrected when needed.
Effects of potential confounders of semen variables were investigated and accounted for in the
statistical analyses. Increasing duration of abstinence up to approximately 96 hours had an in-
creasing influence on semen volume, sperm concentration and total sperm count, but no effect
on motility or morphology, which is in agreement with our initial findings and with the results of
other semen quality studies of men from Europe.***' From pilot studies in the middle of 1990’s
we know that inter-observer variation for motility assessment is of significant importance,44 and
difficult to eliminate. Our results on numbers of motile sperms should therefore be taken with
some caution.

The definition of normal semen quality has varied over time. Seventy years ago, the Dan-
ish standard for normal sperm concentration set 60 million/mL as a lower cut-off level.”> Howev-
er, the most recent WHO guidelines adhere to common clinical practice, where the ‘normal’ ref-
erence range is defined as the one that covers 95% of a population. The most recent WHO
guidelines have the reference limits for sperm concentration from 20 to 15 million/mL.* Refer-
ence limits based on 95% of the population may be relevant in relation to certain clinical tests
(e.g. levels of sodium or potassium in serum), but are unsuitable for public health issues in
which secular changes may affect the whole population (e.g. obesity).** For trend analyses, our
data on semen quality of men examined during the past 15 years should therefore rather be
compared with data from the previous generations of men. Unfortunately, historical data on se-
men quality of men from the general population does not exist: Other unique Danish semen
data obtained by the pioneer of modern Danish andrology, Dr. Richard Hammen, who studied
semen quality of men 70 years ago exists." His method for counting sperm concentration by
the use of the Burker-Tirk haemocytometer was very similar to that used in our present investi-
gations and in accordance with the current recommendations by the WHO,*® allowing for mean-
ingful comparisons with our new data. Interestingly, sperm numbers among men in the Hammen
study from the 1940’s were significantly higher than those of the in the present study, despite
the fact that the earlier sample was recruited among male partners in infertile couples.

Although only one spermatozoon is needed to fertilise an egg, several studies have
shown that the fertilising ability diminishes if the sperm concentration is below 40-50 million/mL,
or if the percentage of normal spermatozoa is below 9%.°*° Approximately 42% of the men
from the general population had sperm concentrations below 40 million/mL and 66% less than
9% normal forms. More severe fertility problems may be present when sperm concentration is

below 15 million/mL and the percentage of normal spermatozoa is less than 5%, *® which was

10
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the case for 15% and 35% of the men from the general Danish population, respectively. It is
noteworthy that only 8% and 18% of a group of fertile men in a previous study of partners of
pregnant women were below these “cut-off’ levels. Sperm concentration, total sperm count and
percentage of normal spermatozoa were significantly lower in men from the general population
in comparison to fertile men. Only 23% of men from the general population had the optimal
sperm concentrations of more than 40 million/mL and more than 9% normal forms, in compari-
son to 42% of the fertile men.

Both clinical practice and animal studies suggest an important role of sperm morphology
for conception rates.*® °* Human IVF studies also suggest an important role of sperm morpholo-
gy for fertilisation rates, which become significantly lower if the percentage of normal spermato-
zoa is below 5%. In men, the number of morphologically normal spermatozoa is usually report-
ed to be below 10% and in animals above 50%. E.g., breeding bulls and boars most often have
less than 10% abnormal spermatozoa,®® and abnormalities are often more subtle than the se-
vere abnormalities frequently seen in human samples. Even with relatively low numbers of nor-
mal spermatozoa, humans may still be able to reproduce. In contrast to wild animal species,
where survival of the species may depend on a very high conception rate at each coitus, hu-
mans in monogamous relationships are not dependent on immediate reproductive success to
the same degree. In fact, the current definition of couple infertility in most national health sys-
tems is “more than one year of regular, unprotected sexual relationship without pregnancy”.*? In
other words, absence of pregnancy in spite of regular coitus during up to 12 ovulation periods
can be considered “normal” from a clinical point of view. However, fecundity may still be re-
duced compared to couples where conception occurs immediately after unprotected intercourse
during the first cycle.

In conclusion, this large prospective study of semen quality among men of the general popula-
tion showed an increasing trend in sperm concentration and total sperm count. The frequencies
of normal or motile spermatozoa did not show any trend. However, only one in four men had
optimal semen quality from a fertility perspective. It seems particularly noteworthy that the me-
dian percentage of sperms with abnormal morphology was high at 93%. It is urgent to investi-
gate the possible roles of our findings for human fecundity.
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Appendix

Semen results for men from the general population have been summarized in figure 1 of the
main text. Additionally, figure A1 shows 25th, 50th, 75th as well as 5th and 95th percentiles for
each examination year for the subgroup of men without any andrological events in their history.
Table A1 summarises the semen results for the subgroup of men without previous andrological
abnormalities as well as p-values for differences between the three 5-year periods (similarly to
table 2, which described the entire study population in the main text). Men examined 2006-2010
had higher median sperm concentration, total sperm count and total number of morphologically
normal spermatozoa than men examined in the first 5-year period. In analyses using year of
examination as a continuous variable, the significant trends were also confirmed for the sub-
group: p=0.02, p=0.001, and p=0.004.

Table 3 in the main text summarised the semen results of the 349 fertile men examined
previously." The semen variables differed between these men and men from the general popu-
lation, with highest semen volume, sperm concentration, total sperm count, total number of
morphologically normal spermatozoa, and percentage of normal spermatozoa in the fertile men.
These differences were all highly significant at p<0.0005, irrespective of the comparisons being
made between the fertile men and the entire study group of men from the general population;
the subgroup of men from the general population without any andrological event in their history
examined 1996-2010; or the smaller subgroup examined 2006-2010. The differences are illus-
trated in figure A2.1 and A2.2, which show the distributions of sperm concentrations, total sperm
count and number of morphologically normal spermatozoa for men from the general population
(green bars), and partners of pregnant women (red bars). For these variables, we show data
based on the entire study population, data based on only those with an ejaculation abstinence
of at least 48 hours, data based on only those having an ejaculation abstinence period of at
least 48 hours and without any andrological event in their history (subgroup), and finally data
based on the same subgroup of men from the general population examined in the period 2006-
2010. The tendency that men from the general population have lower semen volume, sperm
concentration, total sperm count, total number of morphologically normal spermatozoa, and per-
centage of normal spermatozoa than partners of pregnant women are seen irrespective of
which of the four groupings are evaluated.

Figure A3 shows the distributions of sperm concentrations and total sperm counts for the
men from the general population (grouped as in figure A2), compared with men from infertile
couples in Denmark 1940-43." Here, too, it can be seen that the recent general population has
lower sperm counts than the historical cohort (<0.0005, for all comparisons).
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Table 1.1: Physical appearance and self-reported information of young men from the general population in the Copenhagen area, Denmark.

Investigation period

1996-2010, total (N=4,867) 1996-00 (N=1,339) 2001-05 (N=2,254) 2006-10 (N=1,274) Difference
e
Mean (SD) Median (5-95) Mean (SD) Median (5-95) Mean (SD) Median (5-95) Mean (SD) Median (5-95) p-value
Physical appearance
Age (years)® 19.4 (1.2) 19.0 (18.4-21.7) 19.6 (1.4) 19.0 (18.5-22.4) 19.3 (1.1) 18.9 (18.4-21.3) 19.4 (1.2) 19.0 (18.4-21.8) <0.0005"*
Height (m) 1.81(0.06) 1.81(1.71-1.92)  1.81(0.07)  1.81(1.71-1.92)  1.81(0.07)  1.81(1.70-1.91)  1.82(0.06)  1.82(1.71-1.93) <0.0005*
Weight (kg) 75.1 (11.5)  73.5(59.4-96.4) 752 (11.7)  73.6(59.0-97.5)  74.9(11.5)  73.3(59.2-97.0)  75.5(11.2) 74.1 (60.1-96.0) 0.15%
BMI (kg/m2) 22.9(3.1) 22.4 (18.7-28.8) 22.9(3.2) 22.4 (18.8-28.9) 22.9(3.2) 22.4 (18.7-29.0) 22.8 (3.1) 22.4 (18.7-25.6) 0.8%
Testis size (ml)°® 20 (5) 20 (13-28) 20 (5) 20 (12-28) 20 (5) 20 (13-28) 22 (5) 23 (14-29) <0.0005*
Testis size (ml), US 15 (4) 14 (9-22) 15 (5) 15 (9-24) 14 (4) 14 (9-22) 14 (4) 14 (9-21) <0.0005*
Life style
Cigarettes daily, all men 4.1(6.7) 0.0 (0.0-20.0) 5.0 (7.4) 0.0 (0.0-20.0) 3.9 (6.5) 0.0 (0.0-20.0) 37(6.2) 0.0 (0.0-18.0) 0.004*
Cigarettes daily, smokers only 9.9(7.1) 10.0 (1.0-20.0) 11.7 (7.1) 10.0 (1.0-20.0) 9.9 (6.9) 10.0 (1.0-20.0) 8.1(6.9) 7.0 (0.1-20.0) <0.0005"*
Alcohol consumption (units)® 14 (14) 11 (0-40) 13 (13) 11 (0-38) 14 (14) 11 (0-37) 15 (16) 12 (0-42) 0.1%
Ejaculation abstinence (hours) 81(117) 63 (37-155) 86 (95) 63 (35-168) 81(137) 62 (38-135) 77 (96) 63 (37-134) 014
% % % %
Taken medication® 12.5 14.6 9.7 15.1 <0.0005°
Smoker 41.7 425 39.1 45.4 0.001 ®
Previous smoker 3.1 2.0 23 5.8 <0.0005°
Never smoker 55.2 55.6 58.6 48.7 <0.0005°
Mother smoked in pregnancy 38.0 36.2 38.3 291 <0.0005°
Been diagnosed as having
Varicocele 0.6 0.5 0.7 0.4 0.4°
Epididymitis 0.3 0.3 05 0.2 0.3
Sexual transmitted disease® 4.3 22 46 6.2 <0.0005°
Cystitis 24 1.4 24 3.6 0.002°
Diabetes 0.02 0.0 0.04 0.0 0.6°
Thyroid disease 0.04 0.0 0.05 0.08 0.001°
Been treated for
Varicocele 0.4 0.0 0.7 0.4 0.004°
Testicular torsion 0.8 1.0 0.6 0.9 048
Testicular cancer 0.02 0.0 0.0 0.1 0.2°
Cryptorchidism 6.1 3.9 8.0 5.0 <0.0005°
Hypospadias 0.1 0.0 0.0 0.3 0.004°
Phimosis 3.9 5.4 2.7 4.6 <0.0005°
Inguinal hernia 3.4 3.8 4.8 0.5 <0.0005°
Has
had cryptorchidism® 8.3 4.4 1.2 6.9 <0.0005°
experienced fertility problems" 0.6 1.7 0.2 0.2 <0.0005°
caused a pregnancy’ 6.4 74 5.6 6.8 0.08°
Subgroup 80.6 84.6 77.8 81.2 <0.0005°
a: Calculated as difference between day of attendance in study and self-reported day of birth.
b: Mean of left and right testes size assessed by palpation. Information of testis size was missing for 3, 9 and 3 men from the 1st, 2nd and 3rd investigtion period, respectively.
c: Sum of intake of beer, wine and strong alcohol recent week prior to participation in study.
d: Taken any medication recent 3 months prior to participation in study.
e: Chlamydia or gonnorrhoea.
f: Hormonal, surgical or combination.
g: Not born with both testicles in scrotum (irrespective of spontaneous descend, treatment or still cryptorchid).
h: Ever had regular intercourse without use of contraception for at least one year, without partner became pregnant.
i: Ever caused a pregnancy.
Subgroup: Men without adverse conditions "Been diagnosed as having..", "Been treated for.." or "Has..". Those that have caused a pregnancy are also included, irrespective
of any adverse condition previously. See text for further explanation.
p-value: For comparison of results between the 3 study periods.
A: Kruskal-Wallis test.
B: Chi-square test.
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Table 1.2: Physical appearance and self-reported information of men from the Copenhagen area, Denmark.

Study population
General population Fertile
1996-2010, total (N=4,867) 1996-98 (N=349)

Infertile couples
1939-43 (N=839)

Mean (SD) Median (5-95) Mean (SD) Median (5-95)
Physical appearance
Age (years)® 19.4(1.2) 19.0 (18.4-21.7) 31.5(4.3) 30.8 (25.4-40.2) 73% 25-35 years
Height (m) 1.81 (0.06) 1.81(1.71-1.92) 1.83 (6.2) 1.84 (1.73-1.94) -
Weight (kg) 75.1(11.5) 73.5(59.4-96.4) 83.0 (11,2) 82,0 (67,6-102,2) -
BMI (kg/m2) 229(3.1) 22.4(18.7-28.8) 24,6 (2,9) 24,3 (20,6-29,5) 6,6% "moderate obese"
Testis size (ml)h 20(5) 20 (13-28) 23 (4) 24 (15-30) -
Testis size (ml), US 15 (4) 14 (9-22) - - -
Life style
Cigarettes daily, all men 4.1(6.7) 0.0 (0.0-20.0) 4,5 (8,3) 0,0 (0,0-20) -
Cigarettes daily, smokers only 9.9(7.1) 10.0 (1.0-20.0) 14,0 (8,9) 15,0 (0,5-30) -
Alcohol consumption (units)* 14 (14) 11 (0-40) 10 (9) 8 (0-30) -
Ejaculation abstinence (hours) 81(117) 63 (37-155) 81 (65) 64 (20-182) -
% % %
Taken medication® 12,5 20.1 -
Smoker 41.7 325 -
Previous smoker 3.1 - -
Never smoker 55.2 - -
Mother smoked in pregnancy 38.0 38.1 -
Been diagnosed as having
Varicocele 0.6 2.9 11.9
Epididymitis 0.3 2.6 1.9
Sexual transmitted disease® 43 18.6 19.4
Cystitis 24 8.0 -
Diabetes 0.02 0.3 -
Thyroid disease 0.04 0.0 -
Been treated for
Varicocele 0.4 0.9 0.4
Testicular torsion 0.8 11
Testicular cancer 0.02 0.3 .01
Cryptorchidism’ 6.1 4.3 2.1
Hypospadias 0.1 0.0 0.0
Phimosis 3.9 - -
Inguinal hernia 3.4 6.0 1.5
Has
had cryptorchidism® 8.3 - >5.2
experienced fertility problemsh 0.6 12.3 100.0
caused a pregnancyi 6.4 100.0 26.8

Infertile couples: 925 men delivered semen samples, however, patient history was only obtained on 839.

a: Calculated as difference between day of attendance in study and self-reported day of birth.

b: Mean of left and right testes size assessed by palpation. Information of testis size weas missing for 3, 9 and 3 men from the 1st,
2nd and 3rd investigtion period, respectively.

c: Sum of intake of beer, wine and strong alcohol recent week prior to participation in study.

d: Taken any medication recent 3 months prior to participation in study.

e: Chlamydia or gonnorrhoea.

f: Hormonal, surgical or combination.

g: Not born with both testicles in scrotum (irrespective of spontaneous descend, treatment or still cryptorchid). For the Hammen
cohort similar information was not obtained, but 5.2% of men were detected as having cryptorchidism when examined.

h: Ever had regular intercourse without use of contraception for at least one year, without partner became pregnant.

i: Ever caused a pregnancy.
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1

2 Table 2: Semen quality of 4,867 young men from the general population in the Copenhagen area in Denmark.

3

4 p-values comparing

5 2001-2005 1996-2000
6 Mean (SD) Median (5-95) all Vs. Vs.
7 periods 2006-2010 2006-2010
8 Semen volume (mL)

9 Investigation period 1996-2010 3.4 (2.0) 3.2 (1.3-6.0)

10 Investigation period 1996-2000 3.3(1.5) 3.1 (1.2-5.8)

11 Investigation period 2001-2005 3.3(1.4) 3.2 (1.4-5.9)

12 Investigation period 2006-2010 3.6 (3.1) 3.3(1.3-6.3) 0.004 0.011 0.001
13 Sperm concentration (million/mL)

14 Investigation period 1996-2010 60 (57) 45 (3-163)

15 Investigation period 1996-2000 58 (55) 43 (3-167)

16 Investigation period 2001-2005 60 (58) 45 (3-156)

ig Investigation period 2006-2010 62 (55) 48 (3-169) 0.065 0.12 0.020
19 Total sperm count (million)

20 Investigation period 1996-2010 193 (232) 143 (9-529)

21 Investigation period 1996-2000 185 (184) 132 (6-531)

22 Investigation period 2001-2005 191 (241) 146 (8-508)

23 Investigation period 2006-2010 206 (258) 151 (13-559) 0.002 0.015 0.001
gg Normal morphology (%)

26 Investigation period 1996-2010 7.1(4.9) 6.5 (0.5-16.0)

27 Investigation period 1996-2000 7.3 (5.1) 7.0 (1.0-17.0)

28 Investigation period 2001-2005 6.9 (4.8) 6.0 (0.5-15.5)

29 Investigation period 2006-2010 7.5(4.9) 7.0 (0.5-16.0) 0.016 0.023 0.97
30 Total normal spermatozoa

31 (million)

32 Investigation period 1996-2010 16.3 (23.9) 8.4 (0.0-57.4)

33 Investigation period 1996-2000 16.5 (24.5) 7.9 (0.0-60.9)

34 Investigation period 2001-2005 15.5 (22.6) 8.0 (0.0-53.8)

35 Investigation period 2006-2010 17.9 (25.3) 9.8 (0.1-59.3) 0.040 0.012 0.076
36 Progressively motile (%)

37 Investigation period 1996-2010 56 (17) 59 (23-77)

gg Investigation period 1996-2000 54 (17) 57 (22-75)

40 Investigation period 2001-2005 57 (17) 60 (22-77)

a1 Investigation period 2006-2010 57 (16) 59 (25-79) <0.0005 0.30 0.005
42 Motile (%)

43 Investigation period 1996-2010 65 (15) 68 (35-83)

44 Investigation period 1996-2000 65 (15) 68 (38-82)

45 Investigation period 2001-2005 64 (15) 67 (35-82)

46 Investigation period 2006-2010 65 (16) 68 (33-85) 0.17 0.09 0.71
47

jg SD: Standard deviation.

50 5-95: 5-95 percentiles.

51 p-values: Obtained from regression analysis taking confounders into consideration.

52

53

54

55

56

57

58

59
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Table 3: Semen quality of partnes of pregnant somen (fertile men) and young men from the genereral population

from the Copenhagen area in Denmark.

Partners pregnant women General population
(N=349) Total group (N=4,867) Subgroup (N=3,921)

Mean Median (5- Mean Median (5- Mean Median (5-

(SD) 95) (SD) 95) (SD) 95)
Semen volume (ml) 3.8(1.7) 3.6 (1.1-6.7) 3.4 (2.0) 3.2(1.3-6.0) 3.4 (2.1) 3.2 (1.3-5.9)
Sperm concentration (mill/ml) 77 (66) 61 (10-207) 60 (57) 45 (3-163) 61 (57) 47 (4-166)
Total sperm count (mill) 276 (240) 215 (32-795) 193 (232) 143 (9-529) 197 (231) 146 (10-531)

8.5(2.0- 6.5 (0.5-

Normal morphology (%) 9.3 (5.0) 18.5) 7.1(4.9) 16.0) 7.2(4.9) 6.5 (0.5-16)
Total normal spermatozoa (mill) 30 (37) 18 (1-111) 16 (24) 8 (0-57) 17 (24) 9 (0.1-59)
Progressive motile (%) 51 (15) 52 (25-72) 57 (16) 60 (24-77) 57 (16) 60 (24-77)
Motile (%) 60 (12) 61 (40-79) 65 (15) 68 (35-83) 65 (15) 68 (37-83)

SD: Standard deviation.

5-95: 5-95 percentile.

Subgroup: Men without adverse conditions "Been diagnosed as having..", "Been treated for.." or "Has.." as
described in Table 1. Those that have caused a pregnancy are also included, irrespective of any adverse condition

previously. See Table 1 and text for further explanation.
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Figure 1. Semen parameters of Danish men from the
general population. Red bars show 25t-75th percentiles
with median line, whiskers show 5-95th percentiles. The
sperm concentration (A) and total sperm count (B)
increased slightly by year of examination. Percentage of
morphologically normal spermatozoa did not show any
temporal trend (C).
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Table A1: Semen quality of subgroup of 3,921 young men from the general population in the Copenhagen area in

Denmark.

Semen volume (mL)

Investigation period 1996-2010
Investigation period 1996-00
Investigation period 2001-05
Investigation period 2006-10

Sperm concentration (million/mL)

Investigation period 1996-2010
Investigation period 1996-00
Investigation period 2001-05
Investigation period 2006-10

Total sperm count (million)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005
Investigation period 2006-2010

Normal morphology (%)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005
Investigation period 2006-2010

Total normal spermatozoa (million)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005

Investigation period 2006-2010

Progressively motile (%)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005

Investigation period 2006-2010

Motile (%)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005
Investigation period 2006-2010

p-values comparing

Mean 2001-2005 1996-2000
(SD) Median (5-95) all vs. VS.
periods 2006-2010 2006-2010
3.4 (2.1) 3.2(1.3-5.9)
3.3 (1.5) 3.1 (1.2-5.9)
3.3(1.4) 3.2 (1.4-5.9)
3.5(3.4) 3.2(1.4-6.2) 0.02 0.045 0.005
61 (57) 47 (4-166)
59 (55) 44 (3-168)
62 (59) 47 (4-162)
63 (56) 50 (5-169) 0.03 0.18 0.009
197 (231) 146 (10-531)
186 (182) 133 (8-521)
197 (233) 151 (10-528)
209 (272) 156 (15-562) 0.002 0.045 <0.0005
7.2 (4.9) 6.5 (0.5-16)
7.4 (5.1) 7.0 (1.0-17.0)
6.9 (4.8) 6.0 (0.5-15.5)
7.5(4.8) 7.0 (1.0-16.5) 0.01 0.005 0.6
16.8
(23.7) 8.9 (0.1-58.7)
16.6 8.3 (0.02-
(24.0) 59.9)
15.9 8.6 (0.04-
(21.9) 55.6)
18.4
(26.3) 9.9 (0.2-62.9) 0.007 0.005 0.006
57 (16) 60 (24-77)
55 (16) 58 (24-76)
57 (16) 61 (23-77)
<0.000
57 (16) 60 (26-79) 5 0.8 <0.0005
65 (15) 68 (37-83)
65 (14) 68 (40-82)
64 (15) 67 (38-82)
65 (16) 68 (34-85) 0.14 0.05 0.2

SD: Standard deviation.
5-95: 5-95 percentiles.

p-values: Obtained from regression analysis taking confounders into consideration.
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Subject heading:
Semen quality in men from the general population, temporal trend, Denmark

Article summary:
Article focus:

e A paper by Carlsen et al. 20 years ago (BMJ. 1992 Sep 12;305:609-13) raised contro-
versy with evidence of a decline in semen quality, and several studies on semen quality
in human populations have followed.

e There has been a lack of larger, prospectively collected, quality-controlled data on se-
men quality in the general population.

Key messages:

e This study brings good and bad news.

o Fifteen years monitoring of semen quality in men of the general population indicate-
shewedd a slight increase in both median sperm concentration and total sperm count.

e However, still only a fraction of the men (23%) had optimal sperm concentration and
sperm morphology, and the median percentage of abnormal spermatozoa was as high
as 93% with no sign of improvement during the study period.

o Approximately 15% of the men had a sperm concentration at a level that would indicate
a_high risk of needing future fertility treatment if they want to father a child, and another

27% of the men will be at risk of a prolonged waiting time to pregnancy.

° <« { Formatted: Font: Bold J
- _ ) { Formatted: Indent: Left: 0" J

" Formatted: List Paragraph, Left, Indent: Left:
0", Add space between paragraphs of the same
style, Line spacing: single

Strengths and Limitations:

e Large prospective study of semen quality among men of the general population unse-
lected with regard to fertility.

e Standardised inclusion and investigation procedures.

e Lack of historical, directly comparable data.
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5

6 Abstract

7

8 Objectives: Considerable interest and controversy over a possible decline in semen quality
20 during the 20th century raised concern that semen quality could have reached a critically low
11 level where it might affect human reproduction. We therefore initiated a study to assess repro-
12 ductive health in men from the general population, and to monitor changes in semen quality
13 over time.

14

15 Design: Cross-sectional study of men from the general Danish population. Inclusion criteria
16 were place of residence in the Copenhagen area, and both the man and his mother being born
ig and raised in Denmark. Men suffering from severe or chronic diseases were not included.

19 , .

20 Setting: Danish one centre study.

21

22 Participants: 4,867 men, median age 19 years, included from 1996 to 2010.

23

24 Outcome measures: Semen volume, sperm concentration, total sperm count, sperm motility,
gg and sperm morphology.

gg Results: Only 23% of participants had optimal sperm concentration and sperm morphology.
29 Comparing with historic data of men attending a Copenhagen infertility clinic in the 1940’s, and
30 men who recently became fathers, these two groups had significantly better semen quality than
31 our study group from the general population. Over the 15 years, median sperm concentration
32 increased from 43 to 48 million/mL (p=0.02) and total sperm count from 132 to 151 million
33 (p=0.001). The median percentage of motile spermatozoa and abnormal spermatozoa were
2451 68% and 93%, and did not change during the study period.

g? | Conclusions: This large prospective study of semen quality among young men of the general
38 population showed an increasing trend in sperm concentration and total sperm count. However,
39 only one in four men had optimal semen quality. In addition, one in four will most likely face a
40 prolonged waiting time to pregnancy if they in the future want to father a child and another 15%
41 are at risk of the need of fertility treatment. H-seems-particulary-roteworthy-thatthe-median-per
42 entage—of-spermatozoa—with-abrormal-m was-hi e 03% It i

43 i i

44 quality seems so frequent that it may impair the fertilityrates and further increase the demand for
j:g assisted reproduction.
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Introduction

In the 1990’s a meta-analysis by Carlsen et al.," showing a decline in human semen quality,
initiated a heated scientific debate. The discussion has recently resurfaced in three papers in
Epidemiology®* and a news article in Science.® The Carlsen paper, which was a review and
meta-analysis of internationally published data on semen quality among healthy men, suggest-
ed there had been a decline in sperm concentration and total sperm count over a period of 50
years. Many were sceptical about the results, and this prompted several researchers to study
trends in their own countries, mostly based on data from semen banks or semen donor regis-
tries. The resulting papers reported heterogeneous findings (reviewed in® and’), with some con-
firming a decreasing trend in semen quality, and others not. In 2000 an updated comprehensive
meta-analysis was undertaken by Swan et al. that confirmed the downward trend.® During the
same period, there is strong evidence for a worldwide increase in the incidence of testicular
germ cell cancer, a disease linked to decreased semen quality.®"'

The background for the interest and controversy over trends in semen quality was the
obvious concern that semen quality could have reached a critically low level where it might af-
fect fecundity (i.e. the ability to reproduce). Therefore, since 1996 we have carried out a pro-
spective, quality controlled study of semen quality in annual cohorts of men from the general
Danish population. A total of 4,867 individuals have been included in this study.

Methods

The study population was men from the general Danish population from the Copenhagen area
examined 1996-2010. For interpretation of the results we compared them to published data of
two other studies from the Copenhagen area; a recent study of fertie men (male partners of
preghant women) examined 1996-1998 by our group,'? and historical data of male partners from
infertile couples examined 1939-43 by Dr. Richard Hammen."

Study population: Men from the general population examined 1996-2010

In Denmark all men, except those suffering from severe or chronic diseases (<15%), are re-
quired to attend a medical examination before being considered for military service. Men are
called upon to present themselves at the age of 18-19 years, but some postpone this examina-
tion until completion of their education. Men attending the medical examinations are therefore
considered representative of the general population of young men.

In collaboration with the military health authority, men attending these medical examina-
tions in the greater Copenhagen area of Denmark were asked to participate in the present
study, irrespective of whether they were declared fit for military service or not. Further inclusion
criteria for this publication were: place of residence in the greater Copenhagen area, and both
the men and their mothers being born and raised in Denmark. Those men who consented to
participate were given an appointment for examination at the Department of Growth and Repro-
duction at Rigshospitalet (Copenhagen, Denmark). Participants were instructed to abstain from
ejaculation for at least 48 hours prior to attendance at Rigshospitalet, where each man returned
a completed questionnaire, underwent a physical examination, and provided a semen sample.
Participants received a financial compensation (approx. 65 €).

Participants in this ongoing study have been included since September 1996. Two of our

previous publications have directly focused on the semen quality level of men examined Sep-
4
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6 tember 1996 to March 1998." '® Other publications have included information based on sub-
7 populations of men examined until the end of 2007, but no previous trend analysis has been
Y;
g performed on the material from the entire period. Participants examined up until the end of De-
10 cember 2010 were included in the present publication, with 4,901 men fulfilling the inclusion
11 criteria. The participation rate among invited men ranged from 19 to 31%, with an overall aver-
12 age of 24%. Data from 34 of the men were excluded: 27 with previous or current use of anabolic
13 steroids, 6 who had previously received chemotherapy for a malignant disease, and 1 man who
14 failed to deliver a semen sample (he was later diagnosed with testosterone deficiency due to a
y
15 46, XX-male karyotype). Thus, results from the remaining 4,867 men are reported here. The
16 men comprised annual cohorts of 240-543 men (median 276), 18-29 years of age (median 19).
ig A detailed description of the study population based on questionnaire information and results
from the physical examination (see below) is summarised in table 1.1. The three types of infor-
19
20 mation in table 1.1 “Been diagnosed as having”, “Been treated for” and “Has” are based on
questions phrased as “Has a doctor ever diagnosed you as having...”, “Have you ever been
21 y g y
treated for...”, and “Have you ever...”, respectively. Within 3 months prior to participation, 601
22
23 men (12%) had used medication, mainly antibiotics, painkillers, or asthma/allergy medicine.
24
25 Questionnaires
g? A standardised questionnaire was developed for this study. In order to ensure the quality of the
o8 information regarding previous conditions, the questionnaire was sent to participants before
29 their attendance at the hospital, and they were asked to complete it beforehand and — if possi-
30 ble — in collaboration with their parents. The questionnaire included information on previous or
31 current diseases, including any known history of fertility potential, and some lifestyle factors.
32 The questionnaire has been revised during the course of the study, mainly with new questions
33 being added, and the current publication includes relevant information available from all partici-
34
pants throughout the study.
35
36
Semen samples
37
38 Semen samples were produced by masturbation. The actual abstinence period was calculated
39 from the self-reported time of previous ejaculation and the time of delivery of semen sample
40 recorded by a technician. The semen samples were produced in the privacy of a room near the
41 laboratory and kept at 37°C.
42 Semen analysis was performed according to WHO guidelines.®® In brief, semen volume
43 was estimated by weighing the collection tube with the semen sample and subtracting the pre-
44 determined weight of the empty tube, assuming that 1 mL semen = 1 g. For sperm motility as-
45 g Y
46 sessment, 10 L of well-mixed semen was placed on a clean glass slide kept at 37°C and cov-
47 ered with a 22 x 22 mm coverslip. The preparation was placed on the heated stage of a micro-
48 scope at 37°C and immediately examined at x 400 magnification. The sperm were classified as
progressively motile, locally motile, or immotile.
49
50 For the assessment of the sperm concentration, the samples were diluted in a solution of
51 0.6 mol/L NaHCO; and 0.4% (v/v) formaldehyde in distilled water. The sperm concentration was
52 subsequently assessed using a Buirker-Tirk haemocytometer. Only sperm with tails were
53
counted.
54
% 5
57
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Smears were prepared for morphological evaluation, Papanicoulaou stained, and finally
assessed according to “strict criteria”.?’

The laboratory participates in an external quality control program for sperm concentration
assessment as previously described." *¥° The results did not show any temporal trend in as-
sessment level in the Copenhagen laboratory. Therefore, no adjustments according to quality
control results were needed. For the first 290 men included in our study, the weight of the empty
semen collection tubes was on average overestimated by 0.5 g, giving an underestimation of
the semen weight by 0.5 g. The data on semen volume among these men were therefore cor-
rected as follows: Corrected semen volume = Observed semen volume + 0.5 mL.

Physical examination

A physical examination of each participant was performed on the day of delivery of his semen
sample. Tanner stage of pubic hair was recorded, and testicular size was assessed, all examin-
ers using the same type of wooden orchidometer.

Comparison population: Fertile men (partners of pregnant women), examined 1996-98

From October 1996 to January 1998, our group also examined the semen quality of 349 fertile
men (partners of pregnant women); the results were published previously." Pregnant women
were approached during routine visits at the antenatal care unit, and their partners were invited
to participate in the semen quality study. The eligibility criteria were: age 20 to 45 years at the
time of invitation, both the man and his mother being born and raised in Denmark, and concep-
tion of the current pregnancy by normal sexual relations (not as a result of treatment for subfer-
tility or infertility). Participation of these men was similar to that of the men from the general
population: they answered a questionnaire, delivered a semen sample, and had a physical ex-
amination performed. Both physical examination and semen analysis were performed in the
same manner and in the same laboratory as for men from the general population.

A description of the fertile men based on questionnaire information and on the results of
the physical examination has previously been published'? and is shown in table 1.2, which also
includes additional information to allow for a better comparison to the men from the general
population.

Comparison population: Male partners from infertile couples, examined 1939-43
Dr. Richard Hammen published a doctoral thesis with ground-breaking data on male infertility in

1944." From the Copenhagen area in Denmark he investigated 925 men in “childless marriag-
es”, defined as couples where at least 1 year of regular coitus, without use of contraceptives,
had not led to a successful pregnancy.

Hammen’s data originated from two cohorts (“Material 1” and “Material 11”) that he exam-
ined 1939-1943. "Material I” comprised 291 male partners attending the Gynecological Depart-
ment and Dispensary of the Kommune Hospital, Copenhagen. "Material II” consisted of 634
men who delivered basic information and semen sample to the General Laboratory of National
Health Insurance Physicians, Copenhagen. Hammen stated that information regarding duration
of childlessness was somewhat less reliable in this group than in "Material I”, but concluded that
only a few percent of these men had a duration of childlessness less than one year.
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6 In his thesis Hammen provided patient histories of the study populations. The durations of
7 childlessness in the cohorts were 1-2 years (12.7%), 2-3 years (22.7%), and more than 3 years
8 (64.4%). Secondary sterility was ascertained in 26.8%, as 12.0% had children or abortuses with
20 other women and 14.8% with their current partners.
11 The age distribution of the whole Hammen cohort (Material | and IlI) was described as
12 2.7% <25 years, 72.6% 25-35 years, 22.3% 35-45 years, and 2.4% >45 years. Therefore, the
13 median age seems to be somewhere in early 30’s, similar to that of the fertile men we investi-
14 gated 1996-98.
15 Some of the information Hammen obtained was similar to that obtained in our studies of
16 men from the general population and partners of pregnant women; this is summarised in table
17 1.2. Information on medical history was obtained from all men in Material |, but only from 548
ig men from Material Il. Thus, the figures presented in table 1.2 are calculated based on infor-
20 mation from 839 men.
21 Hammen did not report height or weight, but noted “moderate or marked obesity” in 6.6%
22 of the men. Palpable changes in the epididymis were detected in 11.8%, abnormalities of the
23 testis in 25.2%, cryptorchidism of one or both testes in 5.2%, and varicocele in 11.9%.
24 Previous venereal diseases were reported by 24.1% of men in Material | and 16.9% in
25 Material 1l. Other local lesions involving the testes were reported (e.g., hernia, cryptorchidism) in
26 12.1% in Material | and 4.0% in Material Il. Hammen attributed the difference between the two
% otherwise similar groups to erroneous information given by the questioned patients in Material Il,
29 as they were not interviewed by Hammen directly. Previous serious diseases (e.g., pulmonary
30 tuberculosis, pneumonia and peritonitis) were recorded in 34.7% of the cases. Present chronic
31 conditions (diseases of the stomach and intestines, especially peptic ulcer and gastritis, neuras-
32 thenia, and chronic otitis media, chronic familial anaemia, osteomyelitis, bronchitis, diabetes
33 mellitus, epilepsy, and heart disease) were recorded in 12.7% of the patients.
34 All men provided a semen sample. They had been instructed to abstain from ejaculation
35 for at least three days prior to delivery of the semen sample, which was produced through inter-
g? rupted coitus at home or by masturbation in a private room in the hospital. Exact information
38 was requested about the period of ejaculation abstinence.
39 The ejaculates were examined as soon as the specimen was received. Semen was
40 poured from the collection beaker into a graduated container to assess volume. For assessment
41 of sperm concentration the following procedure was employed: “After thorough mixing of the
42 sperm in a shaking-machine or by hand, 0.1 cc. of sperm is added to 1.9 cc. of the diluent (con-
43 sisting of 190 cc. of physiological salt solution, 7 cc. of a 1% methylene blue solution and 3 cc.
44 of absolute alcohol). The mixing takes place in a dwarf-tube, containing a glass bead, which is
jg shaken for 5 min. in a shaking-machine or by hand. The count is carried out with employment of
47 a Burker-Turk counting-chamber. All sperm heads are counted, also loose heads. Loose tails
48 are not counted.”
49
50 Statistical analysis in the present study

eans, medians, standard deviations , b- ercentiles and frequencies were used for
51 M di tandard deviati (SD), 5-95 p til d freq i d f
52 basic descriptions. The study subjects were divided into three groups, depending on the investi-
gj gation periods: 1996-2000, 2001-2005 and 2006-2010. Between-group differences for continu-
55
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ous variables were tested by the non-parametric Kruskal-Wallis test. Between-group differences
for categorical variables were tested with Pearson’s chi-square test.

The main outcome variables were semen volume, sperm concentration, total sperm count,
percentage of motile spermatozoa, and percentage morphologically normal spermatozoa. Tem-
poral trend between investigation periods were tested by multiple linear regressions adjusted for
confounders. Semen volume, sperm concentration, and total sperm count were best normalised
by a cubic root transformation before analysis to correct for skewed distribution of residuals. The
percentages of motile spermatozoa were logit-transformed. Percentages of morphologically
normal spermatozoa were close to normally distributed and entered the model untransformed.
Ejaculation abstinence up to 96 hours had an increasing effect on semen volume, sperm con-
centration, and total sperm count (all p<0.05) and was entered as a covariate in the regression
analyses of these variables, whereas it had no effect on morphology or motility. Increasing age
had a non-significant increasing effect on sperm concentration (p=0.8), but a significant increas-
ing effect on semen volume (p<0.0005), and was also entered as covariate. Season of year was
evaluated as a possible confounder for all the semen variables, and duration from ejaculation to
assessment was additionally evaluated as a confounder for sperm motility. Both were non-
significant and therefore not included in the final models.

Differences in semen quality variables between men from the general population and
partners of pregnant women were also tested by linear regressions corrected for the same co-
variates as stated above. Differences in distribution of sperm concentrations and total sperm
counts between men from the general population examined 1996-2010 and male partners from
infertile couples examined 1939-43 were tested by chi-square test.

P<0.05 was considered statistically significant. Analyses were performed using PASW
GradPack 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Figure 1 shows sperm concentrations, total sperm counts, and percentages of morphologically
normal spermatozoa for each year of examination. Grouping results of the 15 years into three 5-
year periods showed a temporal increase in the sperm counts (table 2). Men examined 2006-
2010 had higher median sperm concentration, total sperm count, and total number of morpho-
logically normal sperm count than men examined in the first 5-year period. Similarly, men exam-
ined 2001-05 appeared to have higher counts than the previously examined. Estimating the
average linear increase over the period confirmed the slightly increasing temporal trends
(p=0.02, p<0.0005 and p=0.013, respectively). The median values indicated an increase in se-
men volume, which was confirmed both when the three 5-year periods were compared and
when estimating the annual linear increase (p<0.0005). The percentages of motile and morpho-
logically normal spermatozoa showed no change over time.

As expected, some of the men had previously experienced andrological problems, includ-
ing cryptorchidism, hypospadias, sexually transmitted diseases and/or other signs or symptoms
relating to the reproductive system (table 1.1). As men with such diseases could be more moti-
vated to participate in the study, we performed a sub-analysis on the subgroup of 3,921 men
(80.6%) who were without previous andrological abnormalities. The main conclusion that im-
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6 paired semen quality was frequent remained robust. The results described here are based on
7 the entire group, whereas the results from the subgroup are shown in the appendix.
8
2 0 Comparison population: Fertile men, examined 1996-98
Table 3 summarises the semen results of the 349 fertile men examined previously'? and the
11 . y
12 men from the general population. The semen variables differed between these groups, with
13 highest semen volume, sperm concentration, total sperm count, total number of morphologically
14 normal spermatozoa, and percentage of normal spermatozoa in the fertile men (all p-values
15 <0.0005). Motility variables were statistically lower for the fertile men. Approximately 42% of the
16 men from the general population had sperm concentrations below 40 million/mL, and 66% had
17 less than 9% normal forms (figure 2). For 15% and 35% of men, the sperm concentration was
18 below 15 million/mL and the percentage of normal spermatozoa below 5%. For the fertile men,
20 only 8% had a sperm concentration below 15 mil/mL and 18% had less than 5% normal
21 forms .were-below-these—“cut-offtevels. Only 23% of men from the general population had the
optimal sperm concentrations of more than 40 million/mL and more than 9% normal forms, in
22
23 comparison to 42% of the fertile men.
24
25 Comparison population: Male partners from infertile couples, examined 1939-43
g? Figure 3 shows the distributions of sperm concentrations and total sperm counts for our study
o8 group compared with those of men from infertile couples in Denmark 1940-43 (Hammen co-
29 hort). As shown, our study group had lower sperm counts than the historical cohort (p<0.0005,
30 for all comparisons).
31
32 Discussion
33 In this large prospective and well controlled study of semen quality of annual cohorts of young
34 men from the general population, statistically significant increases in sperm concentration and
gg total sperm counts over the last 15 years were detected. Fhe-frequency-of-merphologicatly-nor-
37 ol ors e Eeaant sl oo crmnieZeodidnechev o Homs el ehans o Re—eslenle
ed-total-numbers-increased-due-to-the-increase-in-total sperm-count—However, it is of concern
38 ’
that these men from the general population in the new millennium had significantly lower sperm
39 g y
40 concentrations and total sperm counts than recently examined fertile men and men of a histori-
41 cal cohort of male partners of infertile couples. Fhe-most-noteworthy-finding-was—howeverthat
42 he-percentage-of-abrormal-sperms-was-astonishingly-high-with-a—median—of-more-than-93%;
43 without-signs-of-improvement-Both sperm concentration and sperm morphology measures ac-
44 cording to strict criteria are known to be informative semen measurements for discriminatin
45 g
46 between fertile and infertile men.*®® Therefore, there is reason to be concerned about future fertil-
ityeundity of young Danish men. Smaller cross-sectional studies of men from the general popu-
47
lations in other European countries have shown similar high frequencies of men with poor se-
48 9
49 men quality.®#2! Thus, poor semen quality seems to be a wide-spread phenomenon. This in-
50 terpretation is in line with the high and increasing need of fertility treatment in Denmark.*?
51 We have considered whether immaturity of the men (with a median age of 19 years) could
g Y
52 account for the findings. However, a 4-year longitudinal follow-up with quarterly assessment of
gi semen quality in a subgroup of more than 150 of the men showed no significant change over
55 time in sperm concentration, total sperm count and sperm morphology, suggesting that immatu-
56 K
57
58
59
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rity does not explain our results.*® It is also possible that our results could be skewed by selec-
tion biases. However, during the early stage of our project we carried out a study on blood sam-
ples from the majority of those men who did not volunteer to provide semen samples_(N=195
participation rate 79%) and showed that their reproductive hormone levels_including the sper-
matogenesis markers follicle-stimulating hormone and inhibin-b were very similar to those of the
participants.™ This suggests that our results are not biased by selection.”-_Furthermore, our
results hold true in the subgroup of men without andrological events in their history as present-
ed in the appendix. It is not likely that the detected temporal trend in sperm count is due to intra-
or interobserver variations. Our laboratory technicians participated in a quality control study of
assessment of sperm concentration, which did not indicate temporal changes in assessment
levels. However, a longer observation period is needed to corroborate or refute such a positive
tendency. Five observers did 97.6% of all morphology assessments, among which a single ob-
server assessed 91% of samples in the first 5-year period, 14% in the second period and none
in the last. One observer assessed 14% of samples from the second period, but none from the
first or last period. This observer tended to obtain 1% lower values than other observers (de-
tailed data not shown), which partly explains the lower number of morphologically normal sper-
matozoa in the second 5 year period. Assessment of semen volume was also controlled and
corrected when needed. Effects of potential confounders of semen variables were investigated
and accounted for in the statistical analyses. Increasing duration of abstinence up to approxi-
mately 96 hours had an increasing influence on semen volume, sperm concentration and total
sperm count, but no effect on motility or morphology, which is in agreement with our initial find-
ings and with the results of other semen quality studies of men from Europe.*®*' From pilot
studies in the middle of 1990’s we know that inter-observer variation for motility assessment is
of significant importance,** and difficult to eliminate. Our results on numbers of motile sperms
should therefore be taken with some caution.

The definition of normal semen quality has varied over time. Seventy years ago, the Dan-
ish standard for normal sperm concentration set 60 million/mL as a lower cut-off level.”
er, the most recent WHO guidelines adhere to common clinical practice, where the ‘normal’ ref-
erence range is defined as the one that covers 95% of a population. The most recent WHO
guidelines have reduced the reference limits for sperm concentration from 20 to 15 million/mL.%
Reference limits based on 95% of the population may be relevant in relation to certain clinical
tests (e.g. levels of sodium or potassium in serum), but are unsuitable for public health issues in
which secular changes may affect the whole population (e.g. obesity).*® For trend analyses, our
data on semen quality of men examined during the past 15 years should therefore rather be
compared with data from the previous generations of men. Unfortunately, historical data on se-
men quality of men from the general population does not exist: Other unique Danish semen
data obtained by the pioneer of modern Danish andrology, Dr. Richard Hammen, who studied
semen quality of men 70 years ago exists."® His method for counting sperm concentration by
the use of the Burker-Turk haemocytometer was very similar to that used in our present investi-
gations and in accordance with the current recommendations by the WHO,* allowing for mean-
ingful comparisons with our new data. Interestingly, sperm numbers among men in the Hammen
study from the 1940’s were significantly higher than those ef-the-in the present study, despite
the fact that the earlier sample was recruited among male partners in infertile couples._This ac-

Howev-

10
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6 tually corroborates that semen quality might have decreased temporarily as suggested by the
7 meta-analysis by Carlsen et al.’

8 Whereas the historical data point to a temporal decrease in sperm concentration and total
20 sperm counts, there is no such data to support a similar trend in the percentages of normal
11 spermatozoa in_each ejaculate. A trend may be difficult to detect because different criteria for
12 normality have been applied during the years. In our study, we did not find any trend in sperm
13 morphology despite a slight increase in sperm numbers. However, it is noteworthy that the me-
14 dian percentage of spermatoatozoa with normal morphology was as low as 6.5%. In contrast to
15 our study, a decrease in the percentage of normal spermatozoa was recently described in a
16 Finnish study, which also reported decreasing trends for sperm concentration and total sperm
17 counts.*°

18

19 . - .

20 Although only one spermatozoones is needed to fertilise an egg, several studies have
21 shown that the fertilising ability diminishes if the sperm concentration is below 40-50 million/mL,
22 or if the percentage of normal spermatozoa is below 9%.**° Approximately 42% of the men
23 from the general population had sperm concentrations below 40 million/mL and 66% less than
24 9% normal forms. More severe fertility problems may be present when sperm concentration is
25 below 15 million/mL and the percentage of normal spermatozoa is less than 5%,%-%° which was
26 the case for 15% and 35% of the men from the general Danish population, respectively. It is
gg noteworthy that only 8% and 18% of a group of fertile men in a previous study of partners of
29 pregnant women were below these “cut-off” levels. Sperm concentration, total sperm count and
30 percentage of normal spermatozoa were significantly lower in men from the general population
31 in comparison to fertile men. Only 23% of men from the general population had the optimal
32 sperm concentrations of more than 40 million/mL and more than 9% normal forms, in compari-
33 son to 42% of the fertile men.

34

35 - Both clinical practice and animal studies suggest an important role of sperm mor-
g? phology for conception rates.***® Human IVF studies also suggest an important role of sperm
38 morphology for fertilisation rates, which become significantly lower if the percentage of normal
39 spermatozoa is below 5%. In men, the number of morphologically normal spermatozoa is usual-
40 ly reported to be below 10% and in animals above 50%. E.g., breeding bulls and boars most
41 often have less than 10% abnormal spermatozoa,®? and abnormalities are often more subtle
42 than the severe abnormalities frequently seen in human samples. Even with relatively low num-
43 bers of normal spermatozoa, humans may still be able to reproduce. In contrast to wild animal
44 species, where survival of the species may depend on a very high conception rate at each coi-
jg tus, humans in monogamous relationships are not dependent on immediate reproductive suc-
47 cess to the same degree. In fact, the current definition of couple infertility in most national health
48 systems is “more than one year of regular, unprotected sexual relationship without pregnan-
49 cy”.5% In other words, absence of pregnancy in spite of regular coitus during up to 12 ovulation
50 periods can be considered “normal” from a clinical point of view. However, fecundity may still be
51 reduced compared to couples where conception occurs immediately after unprotected inter-
52 course during the first cycle.

53

54

gg 1
57

58

59

60

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 12 of 29

Jargensen et al.: Human Semen Quality in the New Millennium

In_conclusion, ourthis large prospective study ef-semen—quality-of ameng-men of the general
population supports previous suggestions of a temporal decrease in semen quality, but it also
indicated shewed-a_recents small increaseirg-trend—_in sperm concentration and total sperm
count._Follow-up studies are needed to detect if the upward trend is a real biological phenome-
non or _merely random variation. It is _noteworthy that oThefrequencies—of-normal-or—motile
spermatozoa-did-rot-show-any-trend—However—only one in four men had optimal semen quality
from a fecundity+tility perspective. Approximately 25% had a reduced quality compatible with
prolonged waiting time to pregnancy, and another 15% had so severely impaired quality that
they have a high risk of the need for fertility treatment to become biological fathers. -H-seems
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6 Appendix

7 Semen results for men from the general population have been summarized in figure 1 of the
8 main text. Additionally—figure-A AOW RS0tk A—aS-Wera T e

9

10

11

12 abnormalities as well as p-values for differences between the three 5-year periods (similarly to
13 table 2, which described the entire study population in the main text). Men examined 2006-2010
14 had higher median sperm concentration, total sperm count and total number of morphologically
15 normal spermatozoa than men examined in the first 5-year period. In analyses using year of
16 examination as a continuous variable, the significant trends were also confirmed for the sub-
g group: p=0.02, p=0.001, and p=0.004.

19 Table 3 in the main text summarised the semen results of the 349 fertile men examined
20 previously.'? The semen variables differed between these men and men from the general popu-
21 lation, with highest semen volume, sperm concentration, total sperm count, total number of
22 morphologically normal spermatozoa, and percentage of normal spermatozoa in the fertile men.
23 These differences were all highly significant at p<0.0005, irrespective of the comparisons being
24 made between the fertile men and the entire study group of men from the general population;
25 the subgroup of men from the general population without any andrological event in their history
26 examined 1996-2010; or the smaller subgroup examined 2006-2010. The differences are illus-
% trated in figure A21.1 and A12.2, which show the distributions of sperm concentrations, total
29 sperm count and number of morphologically normal spermatozoa for men from the general
30 population (green bars), and partners of pregnant women (red bars). For these variables, we
31 show data based on the entire study population, data based on only those with an ejaculation
32 abstinence of at least 48 hours, data based on only those having an ejaculation abstinence pe-
33 riod of at least 48 hours and without any andrological event in their history (subgroup), and final-
34 ly data based on the same subgroup of men from the general population examined in the period
35 2006-2010. The tendency that men from the general population have lower semen volume,
g? sperm concentration, total sperm count, total number of morphologically normal spermatozoa,
38 and percentage of normal spermatozoa than partners of pregnant women are seen irrespective
39 of which of the four groupings are evaluated.

40 Figure A32 shows the distributions of sperm concentrations and total sperm counts for the
41 men from the general population (grouped as in figure A12), compared with men from infertile
42 couples in Denmark 1940-43." Here, too, it can be seen that the recent general population has
ji lower sperm counts than the historical cohort (<0.0005, for all comparisons).

45

46

47

48

49
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52

53

54
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5
6 Table 1.1: Physical appearance and self-reported information of young men from the general population in the Copenhagen area, Denmark.
7
8 Investigation period
1996-2010, total (N=4,867) 1996-00 (N=1,339) 2001-05 (N=2,254) 2006-10 (N=1,274) Dmﬁ,rf,"ce
9 i
10 Mean (SD) Median (5-95) Mean (SD) Median (5-95) Mean (SD) Median (5-95) Mean (SD Median (5-95) -value
1 1 Physical appearance
Age (years)?® 19.4(12)  19.0 (18.4-21.7) 19.6 (1.4) 19.0 (18.5-22.4) 19.3 (1.1) 18.9 (18.4-21.3) 19.4 (1.2) 19.0 (18.4-21.8) <0.0005*
12 Height (m) 181(0.06) 1.81(1.71-1.92)  1.81(0.07)  1.81(1.71-1.92)  1.81(0.07)  1.81(1.70-1.91)  1.82(0.06)  1.82(1.71-1.93) <0.0005*
13 Weight (kg) 751 (115)  73.5(59.4-96.4) 752 (11.7)  73.6(59.0-97.5)  74.9(11.5)  73.3(59.2-97.0) 755(11.2)  74.1(60.1-96.0) 0.15%
14 BMI (kg/m2) 229(31)  22.4(18.7-28.8) 229(32)  22.4(18.8289)  229(3.2) 224 (18.7-29.0)  22.8(3.1) 22.4 (18.7-25.6) 0.8"*
15 Testis size (ml)® 20 (5) 20 (13-28) 20 (5) 20 (12-28) 20 (5) 20 (13-28) 22 (5) 23 (14-29) <0.0005"
16 Testis size (ml), US 15 (4) 14 (9-22) 15 (5) 15 (9-24) 14 (4) 14 (9-22) 14 (4) 14 (9-21) <0.0005"
17 Life style
18 Cigarettes daily, all men 41(6.7) 0.0 (0.0-20.0) 5.0 (7.4) 0.0 (0.0-20.0) 3.9 (6.5) 0.0 (0.0-20.0) 3.7 (6.2) 0.0 (0.0-18.0) 0.004*
Cigarettes daily, smokersonly 9.9 (7.1) 10.0 (1.0-20.0) 1.7(7.1) 10.0 (1.0-20.0) 9.9 (6.9) 10.0 (1.0-20.0) 8.1(6.9) 7.0 (0.1-20.0) <0.0005"
19 Alcohol consumption (units)® 14 (14) 11 (0-40) 13 (13) 11(0-38) 14 (14) 11(0-37) 15 (16) 12 (0-42) 0.1%
20 Ejaculation abstinence (hours) 81(117) 63 (37-155) 86 (95) 63 (35-168) 81(137) 62 (38-135) 77 (96) 63 (37-134) 014
Taken medication® 125 146 9.7 15.1 <0.0005°
23 Smoker 4.7 425 39.1 45.4 0.001 ®
24 Previous smoker 31 20 23 58 <0.0005°
25 Never smoker 55.2 55.6 58.6 48.7 <0.0005°
26 Mother smoked in pregnancy 38.0 36.2 38.3 29.1 <0.0005®
27 Been diagnosed as having
28 Varicocele 0.6 05 0.7 0.4 0.4°
29 Epididymitis 0.3 0.3 0.5 0.2 0.3°%
Sexual transmitted disease® 4.3 2.2 4.6 6.2 <0.0005®
30 Cystitis 24 1.4 24 3.6 0.002°
31 Diabetes 0.02 0.0 0.04 00 06°
32 Thyroid disease 0.04 0.0 0.05 0.08 0.001®
Been treated for
33 Varicocele 0.4 0.0 0.7 0.4 0.004°
34 Testicular torsion 0.8 1.0 0.6 0.9 0.4°
35 Testicular cancer 0.02 0.0 0.0 0.1 0.2°%
36 Cryptorchidisrn' 6.1 3.9 8.0 5.0 <0.0005®
Hypospadias 0.1 0.0 0.0 0.3 0.004°
37 Phimosis 3.9 54 27 4.6 <0.0005®
38 Inguinal hernia 34 38 48 05 <0.0005°
39 Has
had cryptorchidism? 8.3 4.4 11.2 6.9 <0.0005°®
40 experienced fertility problems” 0.6 1.7 0.2 0.2 <0.0005®
4 1 caused a pregnancy' 6.4 7.4 5.6 6.8 0.08°%
jg Subgroup 80.6 84.6 77.8 81.2 <0.0005°
a: Calculated as difference between day of attendance in study and self-reported day of birth.
44 b: Mean of left and right testes size assessed by palpation. Information of testis size was missing for 3, 9 and 3 men from the 1st, 2nd and 3rd investigtion period, respectively.
45 c: Sum of intake of beer, wine and strong alcohol recent week prior to participation in study.
46 d: Taken any medication recent 3 months prior to participation in study.
e: Chlamydia or gonnorrhoea.
47 f: Hormonal, surgical or combination.
48 g: Not born with both testicles in scrotum (irrespective of spontaneous descend, treatment or still cryptorchid).
49 h: Ever had regular intercourse without use of contraception for at least one year, without partner became pregnant.
50 i Ever caused a pregnancy.
Subgroup: Men without adverse conditions "Been diagnosed as having..", "Been treated for.." or "Has..". Those that have caused a pregnancy are also included, irrespective
5 l of any adverse condition previously. See text for further explanation.
52 p-value: For comparison of results between the 3 study periods.
53 A: Kruskal-Wallis test.
54 B: Chi-square test.
- .
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Table 1.2: Physical appearance and self-reported information of men from the Copenhagen area, Denmark.

General population
1996-2010, total (N=4,867)

Study population
Fertile
1996-98 (N=349)

Infertile couples
1939-43 (N=839)

Mean (SD) Median (5-95) Mean (SD) Median (5-95)
Physical appearance
Age (years)® 19.4 (1.2) 19.0 (18.4-21.7) 31.5(4.3) 30.8 (25.4-40.2) 73% 25-35 years
Height (m) 1.81(0.06) 1.81(1.71-1.92) 1.83 (6.2) 1.84 (1.73-1.94) -
Weight (kg) 75.1(11.5) 73.5 (59.4-96.4) 83.0(11,2) 82,0 (67,6-102,2) -
BMI (kg/m2) 22.9(3.1) 22.4(18.7-28.8) 24,6 (2,9) 24,3 (20,6-29,5) 6,6% "moderate obese"
Testis size (ml)'a 20(5) 20 (13-28) 23 (4) 24 (15-30) -
Testis size (ml), US 15 (4) 14 (9-22) - - -
Life style
Cigarettes daily, all men 4.1(6.7) 0.0 (0.0-20.0) 4,5 (8,3) 0,0(0,0-20) -
Cigarettes daily, smokers only 9.9(7.1) 10.0 (1.0-20.0) 14,0 (8,9) 15,0 (0,5-30) -
Alcohol consumption (units)® 14 (14) 11 (0-40) 10(9) 8(0-30) -
Ejaculation abstinence (hours) 81(117) 63 (37-155) 81 (65) 64 (20-182) -
% % %
Taken medication” 12.5 20.1 -
Smoker 41.7 325 -
Previous smoker 31 - -
Never smoker 55.2 - -
Mother smoked in pregnancy 38.0 38.1 -
Been diagnosed as having
Varicocele 0.6 2.9 119
Epididymitis 03 2.6 1.9
Sexual transmitted disease® 4.3 18.6 19.4
Cystitis 2.4 8.0 -
Diabetes 0.02 0.3 -
Thyroid disease 0.04 0.0 -
Been treated for
Varicocele 0.4 0.9 0.4
Testicular torsion 0.8 11
Testicular cancer 0.02 0.3 .01
Cryptorchidism’ 6.1 43 2.1
Hypospadias 0.1 0.0 0.0
Phimosis 3.9 - =
Inguinal hernia 3.4 6.0 1.5
Has
had cryptorchidism® 8.3 - >5.2
experienced fertility problems" 0.6 12.3 100.0
caused a pregnancyi 6.4 100.0 26.8

Infertile couples: 925 men delivered semen samples, however, patient history was only obtained on 839.

a: Calculated as difference between day of attendance in study and self-reported day of birth.

b: Mean of left and right testes size assessed by palpation. Information of testis size weas missing for 3, 9 and 3 men from the 1st,

2nd and 3rd investigtion period, respectively.

c: Sum of intake of beer, wine and strong alcohol recent week prior to participation in study.

d: Taken any medication recent 3 months prior to participation in study.

e: Chlamydia or gonnorrhoea.

f: Hormonal, surgical or combination.

g: Not born with both testicles in scrotum (irrespective of spontaneous descend, treatment or still cryptorchid). For the Hammen

cohort similar information was not obtained, but 5.2% of men were detected as having cryptorchidism when examined.

h: Ever had regular intercourse without use of contraception for at least one year, without partner became pregnant.

i: Ever caused a pregnancy.
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Table 2: Semen quality of 4,867 young men from the general population in the Copenhagen area in Denmark.

p-values comparing

2001-2005 1996-2000
Mean (SD) Median (5-95) all vs. vs.
periods 2006-2010 2006-2010

Semen volume (mL)
Investigation period 1996-2010 3.4 (2.0) 3.2(1.3-6.0)

Investigation period 1996-2000 3.3(1.5) 3.1(1.2-5.8)

Investigation period 2001-2005 3.3(1.4) 3.2(1.4-5.9)

Investigation period 2006-2010 3.6 (3.1) 3.3(1.3-6.3) 0.004 0.011 0.001
Sperm concentration (million/mL)
Investigation period 1996-2010 60 (57) 45 (3-163)

Investigation period 1996-2000 58 (55) 43 (3-167)

Investigation period 2001-2005 60 (58) 45 (3-156)

Investigation period 2006-2010 62 (55) 48 (3-169) 0.065 0.12 0.020
Total sperm count (million)
Investigation period 1996-2010 193 (232) 143 (9-529)

Investigation period 1996-2000 185 (184) 132 (6-531)

Investigation period 2001-2005 191 (241) 146 (8-508)

Investigation period 2006-2010 206 (258) 151 (13-559) 0.002 0.015 0.001
Normal morphology (%)
Investigation period 1996-2010 7.1(4.9) 6.5 (0.5-16.0)

Investigation period 1996-2000 7.3 (5.1) 7.0 (1.0-17.0)

Investigation period 2001-2005 6.9 (4.8) 6.0 (0.5-15.5)

Investigation period 2006-2010 7.5(4.9) 7.0 (0.5-16.0) 0.016 0.023 0.97
Total normal spermatozoa
(million)
Investigation period 1996-2010 16.3 (23.9) 8.4 (0.0-57.4)

Investigation period 1996-2000 16.5 (24.5) 7.9 (0.0-60.9)

Investigation period 2001-2005 15.5 (22.6) 8.0 (0.0-53.8)

Investigation period 2006-2010 17.9 (25.3) 9.8 (0.1-59.3) 0.040 0.012 0.076
Progressively motile (%)
Investigation period 1996-2010 56 (17) 59 (23-77)

Investigation period 1996-2000 54 (17) 57 (22-75)

Investigation period 2001-2005 57 (17) 60 (22-77)

Investigation period 2006-2010 57 (16) 59 (25-79) <0.0005 0.30 0.005
Motile (%)
Investigation period 1996-2010 65 (15) 68 (35-83)

Investigation period 1996-2000 65 (15) 68 (38-82)

Investigation period 2001-2005 64 (15) 67 (35-82)

Investigation period 2006-2010 65 (16) 68 (33-85) 0.17 0.09 0.71
SD: Standard deviation.
5-95: 5-95 percentiles.
p-values: Obtained from regression analysis taking confounders into consideration.
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Table 3: Semen quality of partners of pregnant wsomen (fertile men) and young men from the genereral population

from the Copenhagen area in Denmark.

Partners pregnant women

General population

(N=349) Total group (N=4,867) Subgroup (N=3,921)

Mean Median (5- Mean Median (5- Mean Median (5-

(SD) 95) (SD) 95) (SD) 95)
Semen volume (ml) 3.8(1.7) 3.6(1.1-6.7) 3.4 (2.0) 3.2(1.3-6.0) 3.4 (2.1) 3.2(1.3-5.9)
Sperm concentration (mill/ml) 77 (66) 61 (10-207) 60 (57) 45 (3-163) 61 (57) 47 (4-166)
Total sperm count (mill) 276 (240) 215 (32-795) 193 (232) 143 (9-529) 197 (231) 146 (10-531)

8.5 (2.0 6.5 (0.5-

Normal morphology (%) 9.3 (5.0) 18.5) 7.1 (4.9) 16.0) 7.2 (4.9) 6.5 (0.5-16)
Total normal spermatozoa (mill) 30 (37) 18 (1-111) 16 (24) 8 (0-57) 17 (24) 9 (0.1-59)
Progressive motile (%) 51 (15) 52 (25-72) 57 (16) 60 (24-77) 57 (16) 60 (24-77)
Motile (%) 60 (12) 61 (40-79) 65 (15) 68 (35-83) 65 (15) 68 (37-83)

SD: Standard deviation.
5-95: 5-95 percentile.

Subgroup: Men without adverse conditions "Been diagnosed as having..", "Been treated for.." or "Has.."

as

described in Table 1. Those that have caused a pregnancy are also included, irrespective of any adverse condition

previously. See Table 1 and text for further explanation.
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Figure 1. Semen parameters of Danish men from the
general population. Red bars show 25t-75th percentiles
with median line, whiskers show 5-95th percentiles. The
sperm concentration (A) and total sperm count (B)
increased slightly by year of examination. Percentage of
morphologically normal spermatozoa did not show any
temporal trend (C).
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Table A1: Semen quality of subgroup of 3,921 young men from the general population in the Copenhagen area in

Denmark.

Semen volume (mL)

Investigation period 1996-2010
Investigation period 1996-00
Investigation period 2001-05
Investigation period 2006-10

Sperm concentration (million/mL)

Investigation period 1996-2010
Investigation period 1996-00
Investigation period 2001-05
Investigation period 2006-10

Total sperm count (million)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005
Investigation period 2006-2010

Normal morphology (%)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005
Investigation period 2006-2010

Total normal spermatozoa (million)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005

Investigation period 2006-2010

Progressively motile (%)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005

Investigation period 2006-2010

Motile (%)

Investigation period 1996-2010
Investigation period 1996-2000
Investigation period 2001-2005
Investigation period 2006-2010

p-values comparing

Mean 2001-2005 1996-2000
(SD) Median (5-95) all vs. VS.
periods 2006-2010 2006-2010
3.4 (2.1) 3.2(1.3-5.9)
3.3 (1.5) 3.1 (1.2-5.9)
3.3(1.4) 3.2 (1.4-5.9)
3.5(3.4) 3.2(1.4-6.2) 0.02 0.045 0.005
61 (57) 47 (4-166)
59 (55) 44 (3-168)
62 (59) 47 (4-162)
63 (56) 50 (5-169) 0.03 0.18 0.009
197 (231) 146 (10-531)
186 (182) 133 (8-521)
197 (233) 151 (10-528)
209 (272) 156 (15-562) 0.002 0.045 <0.0005
7.2 (4.9) 6.5 (0.5-16)
7.4 (5.1) 7.0 (1.0-17.0)
6.9 (4.8) 6.0 (0.5-15.5)
7.5(4.8) 7.0 (1.0-16.5) 0.01 0.005 0.6
16.8
(23.7) 8.9 (0.1-58.7)
16.6 8.3 (0.02-
(24.0) 59.9)
15.9 8.6 (0.04-
(21.9) 55.6)
18.4
(26.3) 9.9 (0.2-62.9) 0.007 0.005 0.006
57 (16) 60 (24-77)
55 (16) 58 (24-76)
57 (16) 61 (23-77)
<0.000
57 (16) 60 (26-79) 5 0.8 <0.0005
65 (15) 68 (37-83)
65 (14) 68 (40-82)
64 (15) 67 (38-82)
65 (16) 68 (34-85) 0.14 0.05 0.2

SD: Standard deviation.
5-95: 5-95 percentiles.

p-values: Obtained from regression analysis taking confounders into consideration.
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Figure A1.1 Sperm concentration (A-D) and total sperm count (E-H) in Danish men from the general population
and fertile Danish men (partners of pregnant women). Bars show percentage of men in each category. Lower
sperm counts were more frequent in the men from the general population than in fertile men. The results remain
the same when comparing the fertile men to different subsets of men from the general population:

*The etire groups of men (A, E)

+Only men with abstinence time > 48 hours (B, F)

+Only men with abstinence time > 48 hours, and the men from the general population belonging to the subgroup
with no previous andrological adverse events (C, G)

*Only men with abstinence time > 48 hours and the men from the general population belonging to the subgroup
with no previous andrological events and only those examined 2006-2010 (D, H).
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Figure A1.2. Total number of morphologically normal spermatozoa (A-D) and percentage of morphologically
normal spermatozoa (E-G) in Danish men from the general population and fertile Danish men (partners of
pregnant women). Bars show percentage of men in each category. Lower number of normal forms (low total
normal sperm count, and low percentage) were more frequent in the men from the general population than in
the fertile men. The results remain the same when comparing the fertile men to different subsets of men from
the general population:

*The entire groups of men (A)

*Only men with abstinence time > 48 hours (B)

*Only men with abstinence time >48 hours, and the men from the general population belonging to the subgroup
with no previous andrological events (C)

*Only men with abstinence time >48 hours, and the men from the general population belonging to the subgroup
with no previous andrological adverse events and examined 2006-2010.

Separating out those with abstinence time > 48 h is not relevant for percentage morphologically normal sperms,
as morphology itself is unaffected by abstinence time.
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Figure A2. Shows distribution of sperm concentration (A-D) and total sperm count (E-H) in Danish men from the
general population and men from an infertility clinic in the 1940’s. For both groups sperm concentrations had
been assessed by use of a Burker-Tiirk haemocytometer. Bars show percentage of men in each category. The
results remained the same when comparing the historical group to different subsets of the men from the general
population:

*The whole group of young men (A, E)

*Those with abstinence time > 48 hours (B, F)

*The subgroup of men with no previous andrological events and abstinence time > 48 hours (C, G)

*The subgroup of men with no previous andrological events and abstinence time > 48 hours and only those
examined 2006-2010 (D, H).
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