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or 20 years the so-called ‘‘sperm crisis’’

caused unrest among the public as well

as the scientific community. Studies preci-

pitated by this virtual crisis have refuted its

existence, but have also illuminated hither-

to neglected aspects of male reproductive

function and indicated a need for prospec-

tive, long-term monitoring systems.

Since 1992, the so-called ‘sperm crisis’ has

lingered in the scientific literature and con-

tinues to agitate both media and the public.

The basis for this sperm crisis is a publication

from a Danish research group analysing 61

studies performed between 1938 and 1990

and concluding that sperm counts of other-

wise healthy men had fallen drastically during

the period of observation.1 It was even extra-

polated that if the trend were to continue,

sperm would totally disappear within the

foreseeable future. This study, the ‘Carlsen

study’ named after the first author, was and

is heavily criticized regarding the study

design, the heterogeneity of the investigated

groups, the statistical evaluation, the non-

standardized methodology for semen analysis

and varying times of abstinence.2–6 We do not

want to repeat this criticism but just mention

a few examples.

While internal and external quality control

has been introduced more or less ubiqui-

tously in the clinical chemical laboratory,

the andrology lab remained a neglected area

in this effort towards quality assurance. This

made results obtained from different laborat-

ories and even from the same laboratory dif-

ficult to compare, which became strikingly

evident when the World Health Organi-

zation (WHO) started to perform worldwide

multicentre trials for male contraception and

for male infertility treatment. Awareness of

quality control in the andrology laboratory

was stimulated by the publication of the

WHO Laboratory Manual for Semen

Analysis (first edition 1980 and fifth edition

20107). Under its influence and only over the

last decade have programmes for external

quality control been introduced.8 This has

now progressed to the extent that for the first

time in a multicentre study for male contra-

ception, semen analysis has been partially

centralized, thus avoiding interlaboratory

variation.9 All these efforts have contributed

to better comparability of semen parameters

from different laboratories, but this type of

standardisation certainly did not exist for

the 61 papers reviewed in the Carlsen study.

In addition, pre-analytical conditions also

play an important role in the results of semen

analysis. To a large extent, the number of

spermatozoa in the ejaculate is correlated

positively with the duration of abstinence,10

as shown in Figure 1. By varying abstinence

times, sperm concentrations may be manipu-

lated. If abstinence time is not properly

recorded, the interpretation of semen para-

meters will be incorrect. Although abstinence

time appears to be a simple parameter easily

determined, the recorded figures are quite

unreliable. When questioned concerning the

time of abstinence since the last ejaculation,

patients’ answers are often unreliable and the

subject remains surrounded by taboos. In

addition, actual sperm counts depend not

only on the time of abstinence since the

last ejaculation, but also on the frequency of

ejaculations during the period preceding the

actual investigation11 which makes the inter-

pretation of results even more complicated.

Changes in sexual behaviour and ejaculation

frequency may have changed over the last 50

years and make historical comparisons noto-

riously difficult. Only recently and under the

influence of the WHO manuals has more

attention been paid to this variable, while

abstinence time from older studies cannot

be considered at face value.

The study by Carlsen et al.1 showed the

alleged decline of sperm counts in a figure

which contained, however, only half of the

data as circles (31 vs. 61). Moreover, the cir-

cles’ areas, reflecting the logarithm of the

numbers of subjects per study, were wrong.2

The impression of the correct representation

of the data is quite different from that of the

original figure (Figure 2). The authors of the

original study, despite agreeing that there was

a ‘deficiency’ in the figure, classified this as

being ‘qualitatively unimportant’ in their res-

ponse.12 The comment and the reply were

published in the same issue of British

Medical Journal on 26 August 1995. It is dis-

turbing to note that the same (and wrong)

original figure was published again in the

same year.13 Since that paper was accepted

in September and published in December

1995, leaving ample time for corrections,

one must conclude that the authors chose to

ignore the suggested correction. Needless to

say, the critical comment was not cited in that

paper.

Another methodological problem was

raised by Handelsman.14 He reanalysed the

data from the Carlsen study by using the me-

dian instead of the mean values of the respec-

tive studies to account for the skewed, not

normally distributed data.15 The results of

this reanalysis showed no significant decline

in sperm counts.

The shortcomings of the Carlsen study not-

withstanding, it triggered 27 major studies

taking ethnic and geographic differences into

account. As a review by Fisch5 shows that 16

of these studies found no differences over

time in sperm concentration, motility and

morphology, five studies yielded ambiguous

results and six studies demonstrated a decline

in semen quality.

Despite the criticism and although the

majority of ensuing studies could not confirm

the Carlsen hypothesis, the sperm crisis
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remained a never-ending topic. Although

conclusive proof was lacking, a culprit was

soon identified: the unhealthy environment.

This popular fallacy led to large research

grants for investigating possible connections

between declining sperm numbers, as well as

declining male fertility, with environmental

toxins, and it remains a cornerstone of stra-

tegic plans for future andrological research.16

A testicular dysgenesis syndrome has been

postulated as a unifying pathognomonic

entity,17 although its epidemiological as well

as endocrine basis has been questioned.18,19

Despite this research euphoria, some scien-

tists postulated that this problem could not be

resolved by retrospective or short-lived stud-

ies, but only by a prospective monitoring sys-

tem encompassing longer time periods and

including semen quality, as well as direct fer-

tility measures such as time-to-pregnancy, in

representative populations.20 This recom-

mendation was also adopted by a working

group of the (German) National Academy

of Science on ‘Future with Children’ in order

to resolve the question whether fertility—

male and/or female—is declining or not.21

Meanwhile the group in Copenhagen itself

has provided results from such an ongoing

prospective study, although in a somewhat

unusual fashion. At the European Congress

of Endocrinology in Berlin in 2008, and again

at the annual congress of the European Society

of Human Reproduction and Endocrinology

in Rome in 2010, Niels Jörgensen, the current

head of the group in Copenhagen, presented

evidence that they had collected semen data

from draftees to the Danish army at annual

intervals since 1996. Since then, 4867, on

average 19-year-old, Danish men had been

investigated. The sperm concentrations from

the first 15 years ranged around a mean value

of 40–45 million sperm per ml, with a lowest

value of 36 million in 2006 and a highest

value of 50 million in 2007, without a signifi-

cant decrease over time, but rather a tendency

to increase (Figure 3).

Niels Jörgensen denied requests for those

data. When asked when the data would be

published, his answer was ‘Not before two

decades have been completed’. Considering

the impact of these findings, this answer was

surprising, as this group does not hesitate to

publish data after shorter time intervals if

they fit their concept, as a recent publication

of declining sperm parameters in Finland

over a period of only 8 years shows.22

It is surprising that these astonishing results

were not first published by the investigators

themselves, but rather by the Danish National

Board of Health, which cosponsored the

study.23 Publication of the results was

obviously considered to be in the public inter-

est, but against the wish of the investigators, as

Niels Skakkebek stated to a reporter from the

New York Times24 and in a commentary in

Epidemiology25 in 2011.

Be this as it may, by these means we have

officially learned that the sperm concentra-

tions of Danish young men did not deteriorate

between 1996 and 2010. While the editor of

Epidemiology regrets that the data had to be

published in this unusual and indirect man-

ner, he welcomes the fact that the data were

made accessible to the public at all26 and the

well-known Danish epidemiologist, Jens Peter

Bonde, was also surprised at his colleagues’

behaviour.27,28

Presumably giving in to pressure from

the scientific community, the group in

Copenhagen has given up its opposition to

publish the data, and on 7 July 2012 a full

paper summarising the findings to date

appeared in British Medical Journal Open.29

Proper statistical evaluation of the data

yielded results which are even more surpris-

ing than could be gleaned from the oral and

online23 presentations mentioned above: not

only did sperm concentrations and total

sperm counts from the 4867 men fail to

decrease over the 15-year period, they actually

increased from 43 to 48 million ml21

(P50.02) and 132 to 151 million (P50.001),

respectively!

Instead of rejoicing that the previously pre-

dicted end of mankind, owing to disappear-

ing spermatozoa, was no longer imminent,

the apocalyptic investigators are still unhappy

because only 23% of the investigated subjects

had perfectly normal semen parameters.

However, it has been known for many

years—at least since normal volunteers have

been recruited for trials in hormonal male

contraception30—that only a fraction of

men in the general population fulfill WHO

criteria for normal semen parameters.

Acknowledging this phenomenon, the fifth

edition of the WHO Laboratory Manual7

shifted from consensus values in the previous

editions to evidence-based reference values

obtained from fertile men. These are quite

different from the previous ‘normal values’.31

Had Jørgensen et al.29 referred to these new

reference values, their analysis would have

appeared quite different. Moreover, the

WHO guidelines for semen analysis are

accorded little respect, as the authors state

that they performed semen analysis in their

volunteers following the fifth edition of the

Figure 1 Dependence of abstinence time and testicular volume on total sperm counts. Reproduced with

permission from Cooper.10

Figure 2 Original (a) and corrected (b) presentation of data from the Carlsen study.2 Reproduced with

permission from British Medical Journal (BMJ).2

Sperm crisis: what crisis?
E Nieschlag and A Lerchl

185

Asian Journal of Andrology



WHO Manual when in fact the investigations

were performed up to 15 years before the

appearance of this edition in 2010; there

are considerable methodological differences

between the fifth and previous editions.

Furthermore, Jørgensen et al.29 compare

current results with those from a doctoral

dissertation on semen parameters of partners

from infertile couples from Copenhagen

from 1939 to 1943.32 Once again, they find a

decrease from then to today. However, by

doing so, they are committing the same error

as in the Carlsen study concerning histori-

cal comparisons of semen parameters. For

example, Hammen32 used an alcoholic diluent

for counting spermatozoa, which may evap-

orate and thus artificially increase the sperm

concentration, and is therefore considered

obsolete today; he also counted tailless sperm

heads as spermatozoa, which is again no

longer the case, and this increases the number

of spermatozoa counted. In addition, a direct

comparison of different collectives—infertile

men vs. draftees—is highly questionable.

Finally, they again ignore the importance of

abstinence time, as the recent subjects were

asked to observe an abstinence time of at least

48 h while the men from infertile couples

70 years ago were asked for at least 72 h—

the possible impact being discussed above!

In conclusion, the new data29 covering a

15-year period cannot definitively answer

the question of a secular trend. And while

they provide no reason for our continuing

to believe in decreasing sperm counts and in

the ‘sperm crisis’, they offer striking evidence

that only prospective studies using standar-

dized methodology will yield an adequate

basis for conclusions on semen parameters,

fertility and infertility.6,20,33 Scientists’ reco-

mmendations to politicians, e.g., on ques-

tions on human reproduction will only be

accepted as reliable if they are based on exact

and verifiable facts that will not collapse

within a few years like a house of cards. The

Carlsen study obviously led us down the

wrong path. There remains the dubious con-

solation that this study has greatly popular-

ized the field of andrology and has, for the

first time, directed substantial financial sup-

port towards andrological research. Finally,

it must be acknowledged that the research

group that led us down the wrong path also

demonstrated how we can get back on the

proper research track.
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Figure 3 Mean sperm concentration of 5000 Danish draftees from 1996 to 201023 (16%–30% of all Danish

draftees, i.e., 300 men per year, 18 years old).

Sperm crisis: what crisis?

E Nieschlag and A Lerchl

186

Asian Journal of Andrology


	Title
	Figure 1 Figure 1 Dependence of abstinence time and testicular volume on total sperm counts. Reproduced with permission from Co
	Figure 2 Figure 2 Original (a) and corrected (b) presentation of data from the Carlsen study.2 Reproduced with permission from 
	References
	Figure 3 Figure 3 Mean sperm concentration of 5000 Danish draftees from 1996 to 201023 (16&percnt;-30&percnt; of all Danish dra

