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e all exist because of our parent’s
fertility; yet in the grand scheme
of evolution, fertility is a crucial

selection factor that has determined the
future of our own and many other species.
By animal standards, humans have remarka-
bly poor fertility, although we have nonethe-
less managed to ‘overpopulate’ the planet.
However, we now face the prospect that the
population of the world, and of individual
countries, will begin to contract as more
and more countries move below the ‘popu-
lation replacement’ level for birth rates. This
is the situation for the UK, the EU, and most
developed and developing nations [1]. As a
country develops in terms of public health,
economic progress and education rate, so
its birth-rate drops, and this drop has been
happening ever-faster in developing coun-
tries in recent decades with the advent of
improved communication and education.

One aspect that compounds
the negative impact of alow
sperm count is that it is also
frequently associated with
reduced sperm quality

At face value, fewer humans on the
planet sounds like an attractive prospect:
for example, there will be less pressure on
resources and the environment. But it will
also bring unprecedented social and finan-
cial challenges as the age structure of the
population bulges at the aged end rather
than at the young end. The dependence of
the increasingly longer-living aged on the
fewer young for financial, social and health
support will create problems for modern

societies the consequences of which are
unknown. Equally important, there will be
fewer taxpayers to provide governments
with the necessary finances for running
their countries.

This ‘brave new world’ scenario is an
appropriate way to introduce the subject of
couple fertility—male fertility in particular—
because it illustrates that although fertility or
infertility is an issue of huge personal impor-
tance for couples and individuals, it is even
more important for nations and, indeed,
the human race. What this article hopes to
demonstrate is that in addition to the social
trends above, a biological factor is now play-
ing a role—at least in Europe—and that is
declining male sperm counts, which might
exacerbate the ongoing socially determined
changes. Falling sperm counts have the
potential to distort and worsen the fertility
and ultimate birth rate of EU nations.

Yet the effect of declining sperm counts in
men on couple fertility has been obscured by
prominent social changes, such as the career
aspirations of women, which have had a
major negative impact on birth rates and
family size. Only one study has so far sought
and found evidence that declining sperm
counts are impairing conception rates [2],
but as this article demonstrates, this hidden
decline is predictable, given all that we know
about the determinants of couple fertility.

here are two main factors that deter-
Tmine a man’s sperm count at any
given time. These are the number of
Sertoli cells in his testes (Fig 1A) and the
time since last ejaculation (abstinence)

(Fig 1B). Both clearly have major effects on
sperm count, but the big difference is that
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abstinence is variable, whereas Sertoli cell
number is fixed early in development [3].
Sperm are produced continuously in the
testes after puberty, with each sperm taking
approximately 10 weeks to manufacture—
this can be termed the ‘supply side’. The
frequency of ejaculation determines the rate
at which these sperm are used up, and it is
the balance between supply and demand
(ejaculation) that determines sperm count
at any point in time in a man. In most ani-
mals, the situation is different because
there is a third factor at work: sperm stor-
age. In many species, sperm are stored to
maintain a uniformly high sperm count
even with a high ejaculatory frequency.
In man, there is no storage, so sperm count
is essentially a reflection of production rate,
albeit modified by abstinence period [3].
This difference between humans and
other animals might sound incidental,
but it is fundamentally important with
regard to fertility. As shown in Fig 1E, as
sperm counts in men rise from zero to
40 million/ml of ejaculate, there is a progres-
sive increase in the chances of their partner
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Fig 1 | Sperm counts—the key factors and issues. On the left are shown the two main factors (A,B) determining sperm count in an individual, while the right

panels show the temporal change in sperm counts (C,D) and the relationship between sperm count and couple fertility (E). Full details are given in the text. The
illustrated data have been adapted from the following references: A [28], B [29], C [6], D [5,9], E [4].

becoming pregnant; at sperm counts greater
than 40 million/ml there is no further benefit
regarding fertility [4]. So, for example, the
study on which Fig 1E is based, found that
during the six-month period of the study of
430 couples, 65% of men with sperm counts
>40 million/ml impregnated their partners,
while for men with counts <40 million/ml,
the rate was 51.2%; corresponding figures
for sperm counts >20 or <20 million/ml
were 65.0% and 36.4% [4]. Therefore, hav-
ing a low sperm count makes you less fertile,
although it does not exclude the possibility
that you will impregnate your partner over a
span of time, unless your sperm count is zero.

One aspect that compounds the negative
impact of a low sperm count is that it is also
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frequently associated with reduced sperm
quality, including less motility or abnormal
shape. It should also be mentioned that even
in a normal fertile man, only a minority of
sperm can be classed as morphologically
normal (5-15% depending on the criteria
used), in comparison with values usually in
excess of 90% in most animals. With this
statistic in mind, it is not difficult to see why
humans have poor fertility.

As shown In Fig 1C, average sperm counts
reported in large numbers of men in 101 stud-
ies across the world have shown a progres-
sive decline since the 1930s-1940s [5,6].
These data derive only from studies of men
without known fertility problems, and might
therefore overestimate average sperm counts

in the population. Perhaps a more relevant
statistic is the change in proportion of men
in these studies with a sperm count <40 mil-
lion/ml, which has increased from around
15% in the 1930s to around 40% in the
1990s-2000 (Fig 1D). The obvious conclu-
sion to draw is that an increased percentage
of men will probably experience difficulty in
impregnating their partners compared with
more than 50 years ago, even if it only means
a longer time spent trying for a pregnancy.
So does it matter?

oday, a single sperm is sufficient for fer-
tilization if it is literally injected into the
egg using ICSI (intracytoplasmic sperm
injection), so the question takes on new
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meaning. Infertility, especially when associ-
ated or caused by low sperm count, is widely
viewed as a solvable problem—never mind
that ICSI fails more often than it succeeds,
is hugely expensive and creates consider-
able psychological and other stresses for the
couple [7]. Thus, although widely used, ICSI
does not resolve infertility for many couples.
This ‘problem solved” mindset might be one
reason why, 20 years on from initial reports
of ‘falling sperm counts’, the ‘problem’ has
been repeatedly challenged, whether on
grounds of validity or importance [8].

Even so, no viable, evidence-based
alternative explanation has emerged for the
declining sperm counts shown in Fig 1C.
Moreover, a large series of standardized,
prospective studies in Europe involving men
between 18 and 25 years old from seven
countries has confirmed that although aver-
age sperm counts are in the range of 45-65
million/ml, depending on the country, the
proportion of young men with a sperm count
of less than 20 million/ml is still close to 20%
[9]. Therefore, irrespective of whether sperm
counts have decreased, a substantial number
of young men in the next generation have
sperm counts within the ‘subfertile range’.
Yet even the relevance of this has been chal-
lenged [8], despite the fact that one in seven
couples experience ‘infertility’ problems—
that is, no pregnancy after 12-18 months of
trying—and that in at least half of these cases,
the problem is identified as a ‘male factor’:
most commonly a low sperm count.

This raises the frequently overlooked
point that infertility involves two peo-
ple. Male factor issues such as low sperm
count have to be seen in the context of
female fertility, which is unarguably also
on the decline for social and career rea-
sons; this is reflected in the progressive
increase in age at first pregnancy across
the developed world.

Consider the following present-day sce-
nario of a modern infertile couple. They
are both 37, and he has a low sperm count
of 20 million/ml. At 37, her likelihood of
becoming pregnant is about 50%, com-
pared with roughly 80% in her 20s (Fig 2A).
With time, her partner might impregnate
her, but time is not on her side as her fer-
tility is already declining. As a couple they
are presently infertile, but if she had a part-
ner with a normal or high sperm count, she
might conceive more easily. Similarly, if he
was partnered with a younger woman with
high fertility, he might also be fertile as part
of that couple. So, inadvertently, the recent
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Fig 2 | Age-specific change in female fertility. (A) in relation to temporal changes in age-specific birth rates

in women (B). Data in A are based on several studies in the literature whereas data in B are extracted from

the Information Services Division website of the general registry office for Scotland.

societal trend towards later age of first and
later pregnancies in women exacerbates
the impact of the high prevalence of low
sperm counts in men. As seen in Fig 2B—
which shows time trends in age-specific
birth rates for Scotland—in 1976, births in
women below 30 outnumbered births in
women over 30 by more than a factor of 3.
Yet, just 30 years later, the number of births
in these two age groups is nearly equivalent.
Viewed another way, an increasing number
of women are waiting to start a family until
an age when their fertility is declining.

So the answer to the question ‘does sperm
count matter?” is yes, it does matter, and
probably more than a few decades ago when
most women embarked on families at an
earlier age. But sperm count also matters for
men for reasons even more fundamental than
fertility. It is a barometer of overall health;
the lower your sperm count the greater your
risk of dying [10]. The other barometer of
healthy testis function—testosterone levels
in blood—shows a similar relationship [11].
Therefore, irrespective of fertility issues,
healthy testis function and a high sperm
count is a measure of population health for
men. The fact that both sperm counts (Fig 1C)
and testosterone levels [12] have been
declining in men in recent decades suggests
that male health might have also declined,
which does not bode well for today’s young
men. Thus, there is a great incentive to under-
stand what has caused lower sperm counts in
men, and to establish whether this trend can
be reversed or prevented.

alling sperm counts have been pre-
sented by the media as a scare story
about environmental chemical pol-
lution, although, in reality, the causes
remain unknown. The fact that sperm
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counts have fallen across a short timescale
of 50-70 years (Fig 1C) suggests that the
causes must be lifestyle and environmen-
tal, rather than genetic. This also means
that the decline is probably preventable,
and possibly reversible. For this to hap-
pen, the problem has to be recognized, its
causes elucidated and appropriate inter-
vention or prevention implemented. To
identify the causes requires that we know
where and when to look. As men do not
begin to produce sperm until mid-puberty,
an obvious place to start looking would be
at changes in the lifestyles of young men.
However, there are few such changes that
are proven to have any impact on sperm
production (reviewed in [13]), although
one recent study has shown that eating a
diet high in saturated fat (a ‘Western’ diet)
might be such a factor, at least in men
with fertility problems [14]. Instead, the
spotlight has fallen on the possibility of
effects much earlier in life, in the period
six months before and after birth—decades
before sperm are even made.

During their development into sperm,
germ cells depend on Sertoli cells for physi-
cal and metabolic support [3,13]. Each
Sertoli cell can only support a fixed number
of germ cells, with the result that the num-
ber of Sertoli cells per testis determines the
overall level of sperm production (Fig TA).
Adverse effects in adulthood, such as ele-
vated scrotal temperature, disease or toxic
chemical exposures, as well as increas-
ing age, might reduce the final number of
sperm produced per Sertoli cell, but nothing
can increase it [13]. Moreover, the num-
ber of Sertoli cells itself cannot increase
after puberty, and the best evidence sug-
gests that the crucial period for determining
Sertoli cell number is probably well before
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this [3,13], during the six months either side
of birth (Fig 3). On the basis of experimental
studies in animals, it seems that the ultimate
size of the adult testis, which equates to the
level of sperm production, is predetermined
by the actions of androgens during what is
termed the ‘masculinization programming
window’ (MPW; Fig 3; [15]).

...sperm count also matters

for men for reasons even more
fundamental than fertility. It is
a barometer of overall health;
the lower your sperm count the
greater your risk of dying

In humans, the MPW is thought to occur
between the 8th and 14th weeks of gesta-
tion [15], immediately after testis differen-
tiation and when the fetus is tiny. This is of
significance because androgen action within
the MPW also determines the normal devel-
opment of all the male reproductive organs
including the penis, prostate and seminal
vesicles. Common reproductive develop-
ment disorders in boys—namely incomplete
testis descent (cryptorchidism) and abnor-
mal opening of the penile urethra (hypo-
spadias)—can both be caused by deficient
androgen action within the MPW [15,16].
This understanding has come about largely
because of the demonstration in rats that the
level of fetal androgen exposure during the
MPW can be determined, retrospectively, at
any age after birth by measuring anogenital

4 EMBO reports

distance (AGD), as this is also programmed
by androgen action within the MPW [15].
Subsequently, it has been shown in both rats
and humans that AGD is positively correlated
with penis length and testis size and inversely
related to risk of cryptorchidism and hypo-
spadias [15-17]; in men, AGD is positively
related to sperm count and fertility and is the
strongest predictor of sperm count [18].

Exactly why AGD is related to testis
size and sperm count is unclear, but it is
presumed to reflect differences in Sertoli
cell number, because proliferation of
Sertoli cells perinatally is at least partly
driven by testosterone (androgens) pro-
duced by Leydig cells within the fetal testis
(Fig 3). The attractive resulting hypothesis
is that maternal lifestyle and/or environ-
mental chemical exposure during the
MPW—perhaps in later gestation or even
during the six months after birth when
feeding choice might be important—affects
androgen production and action, leading
to reduced Sertoli cell number and hence
to an irreversible reduction in sperm-
producing capacity and sperm count
in adulthood (Fig 3). This would also fit
with the ‘testicular dysgenesis syndrome’
hypothesis, which proposes a common
fetal origin for all of the male reproductive
disorders mentioned above [19].

here is strong evidence to show that
maternal lifestyle during pregnancy
can adversely affect sperm counts

in adulthood. Prime among these is smok-
ing, as several large studies have shown

that moderate to heavy smoking during
pregnancy reduces the testis size and sperm
count of resulting offspring in adulthood
by 20-40% [13,20]. Given that around
25% of all women in the UK today smoke
throughout pregnancy, the potential scale of
such effects should not be underestimated.
Indirect evidence points towards reduced
Sertoli cell number as being the explanation
for reduced sperm counts as a result of mater-
nal smoking, but how this affects Sertoli cell
proliferation and number is unknown. There
is experimental evidence in animals that nic-
otine might inhibit testosterone production,
which could be important (Fig 3), but other
possibilities could be more probable.
Detailed studies, for example, have
shown that exposure to diesel exhaust in
pregnancy reduces testis size and sperm
production, probably by reducing Sertoli
cell number; an effect that works at least
in part through the aryl hydrocarbon
receptor (AhR) [21]. The AhR is also prob-
ably affected by cigarette smoking and by
exposure to other smoke sources, includ-
ing atmospheric pollution, so there could
be a common mechanism. This hypoth-
esis is reinforced by a study of sons born
to mothers exposed to high levels of dioxin
as a result of the Seveso accident in Italy
in 1976. The study showed that high expo-
sureto 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) before and after birth, resulted in
around a 40% reduction in sperm count
in adulthood compared with unexposed
breastfed controls [22]. Again, the indirect
evidence points towards reduced Sertoli
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cell number as the underlying explana-
tion. However, the mechanistic link from
AhR activation to reduced Sertoli cell
number is unclear, and it remains a glaring
information gap.

There is also limited evidence that both
alcohol consumption and obesity during
pregnancy result in lower sperm counts in
offspring in adulthood, but there are pres-
ently insufficient data to gauge how impor-
tant these factors might be, or the scale of
their effects. An arguably more worrying
observation is that bottle-feeding with either
standard formula or soy formula milk after
birth results in approximately 20% smaller
testes at four months of age in boys com-
pared with breastfeeding [23]. Four months
is an age at which Sertoli cell number/pro-
liferation might have completed its most
important phases (Fig 3). However, as this
was a small study, it is premature to draw
any strong conclusions. Even so, given
how important we know perinatal life can
be in determining adult sperm counts, it is
remarkable that we do not know whether
breast- or bottle-feeding can affect this, as it
has population-level implications.

n the public eye there is probably no

doubt that perinatal exposure to environ-

mental chemicals, in particular to ‘endo-
crine disruptors’, accounts for falling sperm
counts. Conceptually attractive though this
might be, the scientific reality is that there is
only limited supporting evidence. This might
in part be a consequence of the extreme dif-
ficulties in retrospectively linking low sperm
counts in adulthood with chemical exposure
in the mother two to three decades earlier
[13]. It was possible to make this link with
maternal smoking because there is extremely
good recall of smoking during pregnancy. To
determine exposure to environmental chem-
icals, however, would require samples—
maternal blood, milk, amniotic fluid and
placenta—from a prospective cohort study
to be analysed for contaminants, and adult
offspring willing to undergo sperm count
analysis. There are such cohorts, but it will
probably take a few more years before defini-
tive data emerge that are able to support or
refute the possibility of chemical-induced
reduction in sperm counts.

However, one intriguing piece of evi-
dence is already available and it con-
cerns the differences in incidence of male
reproductive disorders in Finns (low inci-
dence) and Danes (high incidence) [19].
Moreover, it is established that Finns have

higher sperm counts than Danes [9], and
Finnish newborn boys grow their testes
faster in the first few months after birth
than Danish newborns [24], pointing to
perinatal origins of the sperm count differ-
ence. Analysis of breast milk samples from
mothers has shown that the environmen-
tal chemical ‘signature’ is clearly different
between the two countries [25]. Whether
this difference is incidental or significant
in the context of reproductive develop-
ment of males is unknown, in particular
whether it has any relationship to eventual
testis size and sperm count. There is also
no ready explanation for the difference in
chemical exposure in the two countries.

The fact that sperm counts
have fallen across a short
timescale (50-70 years [...])
suggests that the causes must
be lifestyle and environmental,
rather than genetic

While waiting for definitive human data,
we can forecast what will be found by refer-
ring to numerous animal studies. These have
shown that fetal exposure to a range of com-
mon environmental chemicals can induce
reductions in adult testis size and sperm pro-
duction, as well as inducing other disorders
such as cryptorchidism and hypospadias
in the male offspring. However, virtually
all such studies have used levels of expo-
sure that are far higher than would occur
in humans, thus limiting their relevance.
Nevertheless, more sophisticated studies
have shown that at doses at which individ-
ual compounds have no effects, mixtures of
4-10 compounds have huge adverse effects
in combination [13]. This does not prove
that such mixture effects will be sufficient to
induce effects in humans, but humans are
certainly exposed to a complex cocktail of
hundreds of such chemicals.

In this regard, one recent study in sheep
has tried to assess the effects of a com-
plex chemical cocktail [26]. Pregnant
sheep were reared on pastures fertilized
with either standard fertilizer or sewage
sludge—which is the recommended means
of disposing of this material within the EU.
Sewage sludge contains a large number of
compounds and broadly reflects overall
human chemical exposure as it is largely
derived from our waste. In this regard it does
not just contain environmental chemicals,
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but also pharmaceuticals and personal
care products; the latter are now a far more
important source of female chemical expo-
sure than in previous decades, and there is a
suspicion that they might be more important
than environmental contaminants.

Sewage sludge exposure of the mother
resulted in 40% of the male offspring having
substantially reduced sperm production in
adulthood, while the remainder of the ani-
mals were unaffected [26]; earlier studies
had shown effects in fetal life on testosterone
levels and Sertoli cell numbers. The fact that
not all adult animals were affected by peri-
natal sewage sludge exposure is unsurprising
as sheep, similarly to humans, are outbred,
in contrast with laboratory animals. The find-
ings raise several important points that need
to be factored into thinking about falling
sperm counts in humans and how to investi-
gate them. First, any study searching for evi-
dence of an association between perinatal
chemical exposure and adult sperm count
in humans might expect that, if there is an
adverse effect of chemical exposure, it might
not affect all exposed individuals equally
or at all; this would be a major confound-
ing factor. For example, in reflecting on the
Danish—Finnish difference in testis develop-
ment in boys [24], it could mean that even
if Finnish boys were exposed to similar or
higher levels of chemicals as the Danish
boys, they might be less affected. Second,
the sheep studies remind us of a basic prin-
ciple that we already accept, namely that
disease in an individual is a product of their
genotype and their environment. This needs
to be factored into not only our thinking
and interpretation, but also the design and
planning of studies. In this regard, mak-
ing detailed use of the differences between
Finns and Danes would provide an obvious
foundation for studies aimed at teasing apart
genotype—environment/lifestyle interactions.

here is now widespread acceptance of

the principles of “fetal programming’ of

adult disease; indeed of the most com-
mon complex diseases in Western countries.
In this context, the notion of perinatal origins
of disorders of sperm production in humans,
and the potential causal involvement of
maternal lifestyle and environmental expo-
sures described above is anything but ‘new
ground’. A more troubling spin-off from the
fetal programming studies has been the dis-
covery that some aspects are transmissible
to future generations, most probably through
epigenetic reprogramming [27].
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Of course, the reduced fertility of future
generations is not the only impact the pre-
sent decline in sperm counts will have
on unborn children. There will also be the
social impact of an ageing population, and
an existential impact of whether future
generations will come into being at all. As
mentioned in the introduction, the social
consequences of fewer young people and
many older people will be unprecedented
and difficult to predict.

Declining sperm counts and social
trends will also have severe consequences
for couples and individuals that are affected
by infertility. The current trend for couples
to have children later in life seems likely to
continue in the foreseeable future, which
makes it easy to predict that couple fertility
problems that are already common are likely
to become more so. Declining sperm counts
in men will increasingly interact with declin-
ing fertility in many women, who will wait
longer to try to become mothers.

These are real concerns, but perhaps
the most disturbing conclusion is that the
evidence for low and falling sperm counts
points to a wider issue of the subtle dysfunc-
tion of the process that makes men male.
If this process is affected by maternal life-
style and environmental exposures, which
a growing body of evidence suggests is the
case—and for which falling sperm counts is
but one symptom—then what other conse-
quences for the programming of behaviour
and disease risks will it also bring?
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