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The silent spermatozoon: are man-made endocrine
disruptors killing male fertility?
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I n 1992, a Danish group led by Skakkebaek
reported in a meta-analysis that global mean
sperm counts were fallingand that testicular can-
cer, hypospadias and cryptorchidism were
increasing. They hypothesized that envi-
ronmental factors were the cause. Their meta-
analysis was criticized subsequently for many
methodological flaws. However, their contro-
versial meta-analysis and hypothesis spurred
public and scientific interest in the study of male
reproductive function and stimulated more rig-
orous scientific work in the area. Subsequent re-
search has not convincingly supported their hy-
pothesis. However, it is crucial to continue high
quality studies of the effects of drugs and man-
made pollutants on male reproductive function.
In 1962, Rachel Carson published her work ‘A
Silent Spring’." The thesis of the book was that
widespread use of pesticides was jeopardizing
the health of animals, including humans.
Although some of its conclusions have been dis-
proven, the book is often credited with sparking
the modern environmental movement. The title
of the book was inspired by the last line in the
John Keats poem ‘La Belle Dame sans Merci:

‘The sedge is wither’d from the lake,
And no birds sing.’

Thirty years after the publication of ‘A
Silent Spring’, a Danish group led by
Skakkebaek® reported in a meta-analysis that
the mean sperm counts had declined by
nearly 50% worldwide during the previous
five decades. They also reported an increase
in testicular cancer, hypospadias and crypt-
orchidism and hypothesized that envi-
ronmental factors were affecting male
gonadal function worldwide. In a follow-up
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article in 1993, Sharpe and Skakkebaek®
argued that increased exposure to estrogens
via prescription drugs, dietary phytoestro-
gens and man-made estrogenic chemical pol-
lutants (including pesticides) was the cause of
falling global average sperm counts in men.
They hypothesized that excessive exposure to
these estrogens early in life was disrupting
prepubertal Sertoli cell multiplication and
resulting in a smaller number of Sertoli cells
in adulthood. Because of the stoichiometric
relationship between the Sertoli cells neces-
sary to maintain germ cell development, a
smaller number of Sertoli cells results in
decreased spermatogenesis.

Similar to Carson’s ‘A Silent Spring’, these
articles created quite a sensation. Since their
publication, there has been considerable con-
troversy about whether global spermatoge-
nesis and therefore male fertility is declin-
ing. The Carlsen meta-analysis has been
criticized for inappropriate statistical meth-
ods, skewed data and failure to control for
key variables,*® but the controversy gener-
ated enthusiasm and resources for a number
of important studies investigating the pos-
sibility that male fertility was in jeopardy
from environmental estrogens. The contro-
versies include the following:

1. Is there really a secular decline in human
sperm counts?

2. Is the sperm count a meaningful marker for
male fertility?

3.Is there a meaningful decline in male
fertility?

4. Do man-made chemicals with estrogenic
properties represent a danger to the health
of men?

GLOBAL SECULAR TRENDS IN SPERM
COUNTS

Since the ‘seminal’ work of Sharpe and
Skakkebaek, there have been many studies

examining secular trends of sperm counts
and concentrations in different regions of
the world. The results have been mixed.
There have been several studies confirming
the Carlsen meta-analysis.”~'” However, there
have been many more studies (with many
more total subjects enrolled) that show no
change or even increased sperm counts.'®°
The potential explanations for the variable
results in these studies include selection bias
of the volunteer subjects, methodological
problems with obtaining samples of geo-
graphical heterogeneity, variability in age
and health, and potential environmental con-
founders.”” Selection bias of volunteer sub-
jects is likely to contribute to significant
variability. Volunteer subjects who are willing
to donate samples for semen quality studies
are likely to have some anxiety or curiosity
about their current or future fertility. Many
of these men might have some legitimate rea-
son for concern about reproductive dysfunc-
tion. As a result, volunteers for semen quality
studies might not represent the general popu-
lation. Methodology can also account for
variable results. Sperm counts vary with
time of abstinence from last ejaculation and
with the season of obtaining the sample.
Geographical heterogeneity contributes to
variable results in semen quality studies
because studies conducted in one region
might recruit a cohort that is very different
than the general population. Differences in
diet, alcohol and tobacco use, drug abuse,
overall health, exercise patterns, occupation,
as well as differential genetic backgrounds,
can all contribute to significant variation
in seminal fluid and sperm parameter
values.*”*® Variability in the mean age of a
cohort is important if there are many men
over age 50 because there is a modest effect
of aging on sperm quality. Overall health has
significant effects on the male gonadal axis
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and reproductive function. Poor health and
systemic disease are associated with suppres-
sion of the gonadal axis and decreased sper-
matogenesis. Recruitment of a volunteer cohort
in a region with relatively poor health compared
to other regions could lead to substantial differ-
ences in semen quality studies.

On the basis of the conflicting results of
studies to date, it is difficult to make any firm
conclusions about whether there is a global
trend toward decreased average sperm counts
in humans. Nonetheless, if there is a down-
ward trend in global average human sperm
counts, it is likely to be very modest.

SPERM COUNTS AS A MARKER OF MALE
FERTILITY

In the Carlsen meta-analysis, the authors
reported that sperm concentrations declined
from 113 million to 66 million per ml and
seminal fluid volumes declined from 3.4 to
2.75 ml over approximately 50 years. These
changes appear impressive, but it is unclear
whether such a decline in average sperm
counts would translate into a significant
decline in fertility.

Sperm count as a marker for fertility is
problematic. For a couple with known repro-
ductive dysfunction, a low sperm count in the
man is a useful indicator of a male factor in
the infertile couple. On the other hand, an
infertile man with hypogonadotropic hypo-
gonadism and azoospermia often becomes
fertile at very low sperm concentrations dur-
ing gonadotropin replacement therapy.®® It is
also clear that many normal men are fertile
with sperm counts far below the average levels
found in the Carlsen meta-analysis.*’

Since the publication of the Carlsen meta-
analysis, the World Health Organization
(WHO) reference values for semen character-
istics have been changed twice. Most recently,
in 2010, the WHO reference value for sperm
counts was decreased from >20 million to 15
million per mL* The seminal fluid reference
range was also decreased from >2to >1.5ml.
These 2010 WHO reference values were based
on the 5th percentile of samples obtained from
nearly 2000 men in five countries.*' The WHO
investigators only included men who were
known to have fathered a child within the
12-month period before voluntarily providing
a sample. The 2010 WHO reference values
were lower than previous WHO reference
values in part because the former values were
based on cohorts without such strict inclusion
criteria for normal, fertile men.

The Carlsen meta-analysis included ‘unse-
lected, healthy men’ with unproven ferti-
lity and therefore undoubtedly included

subfertile and infertile men with lower sperm
counts. It would be expected that the Carlsen
meta-analysis would yield lower sperm con-
centrations and counts than the 2010 WHO
reference cohort. However, the 50th percent-
ile sperm concentration for the 2010 WHO
reference cohort was 73 million per ml, a
number remarkably similar to the 1992
Carlsen meta-analysis ‘nadir’ value of
66 million per ml. Assuming that the
Carlsen meta-analysis is correct in its conclu-
sion that sperm concentrations fell between
the 1930s and 1980s, it still appears unlikely
that male fertility was compromised signifi-
cantly worldwide.

In summary, sperm counts are poor mar-
kers of male fertility in general. Although very
low sperm counts (<15 million per ml; <5th
percentile of the 2010 WHO cohort) might be
associated with lower fertility, variations in
sperm counts near the median for the 2010
WHO reference cohort are unlikely to be cli-
nically significant.

TRENDS IN MALE REPRODUCTIVE
FUNCTION IN MEN

Whether there are endocrine disruptors cau-
sing worldwide decreases in sperm production
is not the most important question. The clini-
cally important outcome is whether male fer-
tility is decreasing. There are few convincing
data that men have become less capable of
reproducing during the last century. In 1992,
the world population was about 5.5 billion. In
2012, the world population exceeded 7 bil-
lion.*> Most of this population increase
occurred in poorer, densely populated coun-
tries where industrial effluent is poorly regu-
lated or unregulated. For example, the Ganges
delta region in India and Bangladesh has a
rapidly growing population and is one of the
most densely populated areas of the world.
The Ganges River and its tributaries contain
some of the most polluted water in the world.
These pollutants include a variety of industrial
solvents and by-products including biphenyls
and other compounds postulated to be estro-
genic endocrine disruptors.*>** The substantial
increase in world population, particularly in
regions exposed to high concentrations of
potential estrogenic pollutants, argues strongly
against a deleterious effect of these pollutants
on male fertility.

In wealthier regions of the world, men and
women are choosing to have fewer children
and delaying attempts at having children.
This secular trend confounds attempts to
assess male fertility because it is difficult to
determine whether decreasing conception
rates are due to choice or declining fertility.
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In addition, because fertility is known to
decline in women after age 30,% decreased
conception rates in wealthier regions might
be due to decreasing female fertility (due to
older age at time of attempted conception)
and not decreasing male fertility.

POTENTIAL DELETERIOUS EFFECTS OF
PHYTOESTROGENS AND
ENVIRONMENTAL POLLUTANTS WITH
ESTROGENIC PROPERTIES

Sharpe and Skakkebaek posited that man-
made environmental pollutants, as well as
phytoestrogens, could have significantly dele-
terious effects on human male reproduction.
This hypothesis has scientific plausibility.
Indeed, there is compelling evidence that rep-
tilian, amphibian and fish species have been
victims of environmental estrogenic pollu-
tants.*® There is now an entire field of science
devoted to investigating endocrine disrup-
tors, naturally occurring or synthetic com-
pounds in the environment that disrupt
normal endocrine function.

In humans, it is clear that in utero exposure
to certain endocrine disruptors has signi-
ficant adverse effects. The most famous
example of a human endocrine disruptor is
diethylstilbestrol, a synthetic estrogen that
was used to treat nausea during the first tri-
mester of pregnancy. Diethylstilbestrol has
been associated with increased reproductive
tract abnormalities in boys and vaginal
adenocarcinoma in girls exposed to the drug
in utero.

However, diethylstilbestrol was a drug
administered to pregnant women. The data
linking specific environmental pollutants
and contaminants to reproductive tract
abnormalities are tenuous. In the 2009
Endocrine Society Scientific Statement on
Endocrine Disruptors, the authors list
several compounds with estrogenic activity
that might cause male reproductive tract dis-
orders (including cryptorchidism, testicular
cancer and decreased spermatogenesis), but
they acknowledge that the epidemiological
data relating male reproductive tract disor-
ders to environmental disruptors are indirect
and that there is no direct evidence of endo-
crine disruptors’ involvement in the patho-
genesis of male reproductive tract disorders
in men.**

Twenty years after Sharpe and Skakke-
baek published their hypothesis, it remains
unproven. The data to support the claim
remain inferential and weak. However, their
hypothesis has had the important effect of
awakening the scientific community and
the general public to the fact that many



man-made compounds have sex steroid hor-
mone properties that could adversely affect
the health of men. As a result, there is now
important research being conducted on some
of the most ubiquitous candidate endocrine
disruptors that could affect men: phthalates
and bisphenol A (commonly used in plastic
items), biphenyls (found in industrial sol-
vents), vinclozolin (a fungicide) and many
other industrial substances.,***¢

There remains a vast sea of ignorance about
the effects of commonly used drugs and their
effects on the male reproductive system.
There is no systematic approach to studying
the long-term effects of prescription drugs.
Worldwide, national regulatory agencies
charged with reviewing applications for new
drugs routinely approve the use of these drugs
with minimal or no safety data about the
effects on male reproductive function.

MODERN THREATS TO MALE FERTILITY
Twenty years after the publication of the
Carlsen meta-analysis, it appears unlikely that
male fertility is acutely declining. However,
there are many threats to male reproduc-
tive function that should not be ignored.
Paradoxically, obesity and malnutrition are
increasing worldwide, and both are asso-
ciated with decreased male reproductive func-
tion.* ™ Access to unpolluted drinking water
is in jeopardy in large swaths of the world,
particularly in developing countries. In deve-
loping countries, it is estimated that 70% of all
industrial pollutants are dumped untreated
into the water supply.”® It is unknown how
these pollutants affect human male fertility,
but there is biological plausibility that many
man-made industrial pollutants might adver-
sely affect human male fertility. Although the
data regarding the adverse effects of estrogen
disruptors are currently unconvincing, it is
possible that further research of specific com-
pounds will demonstrate significant threats to
male reproductive function. Finally, conflict
over scarce essential resources including water,
arable land, minerals and energy sources has
led to war and internecine strife worldwide.
War kills a disproportionate number of boys
and young men who would be tomorrow’s
fathers. Together, these threats to male fertility
are significant.

CONCLUSION

The Carlsen meta-analysis was flawed and
its conclusions were wrong. The Sharpe—
Skakkebaek hypothesis is unproven. How-
ever, much like Carson’s ‘A Silent Spring’,
the most important outcome is not whether
this hypothesis is right or wrong. Both
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publications raised the scientific and general
community’s awareness of male reproductive
health and spurred important scientific stu-
dies on the epidemiology and pathogenesis of
male reproductive dysfunction. These papers
served as sirens of warning about the poten-
tial perils of widespread man-made chemical
pollutants. From the onset of the industrial
age, we have been cavalier about the use and
disposal of many new chemical compounds.
They are now ubiquitous. It is likely that
some of them are harmful to male human
reproductive health, an area of scientific
inquiry that was largely ignored until
Sharpe and Skakkebaek’s article in 1993.

The scientific community must vigorously
advocate for the importance of basic scientific
studies of the effects of man-made com-
pounds that might act as endocrine disrup-
tors and adversely affect male reproductive
health. In addition, there must be an inter-
national effort, led by the governments of
affluent developed countries, to develop
more vigorous research on the safety of drugs
on male reproductive function and health.
Assessment of the effects on the male gonadal
axis and spermatogenesis should be consid-
ered compulsory before the approval of new
drugs. An international registry should be cre-
ated that includes any emerging data on the
adverse effects of drugs, including any effects
on the male reproductive function. Because
the effects on male reproductive function
might not manifest for years or until the next
generation, it should be compulsory to per-
form postmarketing scientific surveys of pre-
scription and non-prescription drugs. Finally,
it is essential that all studies of semen quality
and quantity use rigorous methodology. The
European Society of Human Reproduction
and Embryology has just published a compre-
hensive and sensible guideline for the design of
scientifically rigorous semen quality studies.””

The Carlsen paper is ‘The Last Spring’ for
male reproductive health. The penultimate
and less famous line of the ‘La Belle Dame
Sans Merci’ should inspire outstanding sci-
entific research on the effects of man-made
environmental pollutants on the quality and
quantity of spermatogenesis:

‘And this is why I sojourn here
Alone and palely loitering’
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