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On environmental threats to male infertility
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he possibility that environmental pol-

lutants damage human fertility is a
topic of both public concern and scientific
interest. The effect of environmental factors
on male fertility (semen parameters) has been
a special focus, stimulated in part by the dra-
matic damage inflicted by the pesticide
DBCP on testicular function. Extensive
searches for testicular toxicants (in particular,
the proposed effects of endocrine-disrupting
compounds through fetal exposure) have
produced little hard evidence of impairment
in humans. This scarcity of evidence may
reflect the difficulties of studying human fer-
tility. Future fertility studies should consider
the wide spectrum of environmental expo-
sures that plausibly affect reproduction.

The idea that human fertility might be
damaged by environmental contaminants
has captured the imagination of such eminent
writers as PD James (The Children of Men)
and Margaret Atwood (A Handmaid’s Tale).
These novelists provide stark and dystopian
visions of societies coping with fertility
decline. It is no wonder that the scientific
question of environmental damage to human
fertility continues to attract public atten-
tion—even as the question itself remains
stubbornly difficult to address.

It was the late 1970s when environmental
toxicants first became widely recognized as a
threat to human fertility. Industrial and agricul-
tural workers who were exposed to the pesticide
dibromo-chloropropane (DBCP) were discov-
ered to be azoospermic."* This evidence of tes-
ticular damage, supported by toxicological
research in rodents,” led to swift scientific con-
sensus that DBCP was a human reproductive
toxicant. DBCP production was suspended.
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This discovery raised a further question:
was DBCP a special case, or is testicular func-
tion broadly sensitive to industrial pollu-
tants? The question prompted a wave of
studies in the United States and Europe to
explore diverse chemical exposures for pos-
sible testicular toxicity. These studies were
largely negative, or with subtle findings that
were seldom corroborated (for reviews, see
Refs. 4-6). As a workplace exposure, DBCP
appears to be atypical in its strong testicular
effects, rather than the tip of an iceberg.

Scientific attention to testis toxicology faded,
only to be revived in 1992 by publication of a
review of sperm-quality data by Carlsen and
colleagues.” Their summary of semen analyses
across six decades suggested a disturbing
decline of human sperm count. Limitations
of these retrospective data prompted vigorous
criticism of the paper® and the paper might
have had less impact were it not for a provoc-
ative hypothesis that emerged to explain it—
the ‘estrogen hypothesis’.'® Toxicological
research had already shown that many envir-
onmental chemicals are weakly estrogenic.'’
The estrogen hypothesis proposed that envir-
onmental estrogens might be able to reduce the
number of Sertoli cells in the male fetus
through negative feedback of pituitary FSH
secretion, thus impairing subsequent fertility."?

In pursuing this hypothesis, researchers
found that the direct estrogenic activity of envir-
onmental contaminants is generally too weak to
damage human fetal testicular development.'®
Nonetheless, there is ample evidence that vari-
ous environmental chemicals at extremely low
levels (and perhaps in concert with one another)
might interfere with hormone signalling, espe-
cially during critical phases of fetal and child-
hood development.'* While the estrogen
hypothesis faded, the more general hypothesis
of ‘endocrine disruption’ has emerged as highly
influential in environmental toxicology and
epidemiology. Since the mid-1990s, nearly
4000 scientific papers have been published on
aspects of environmental endocrine disruptors

and their possible consequences for a broad
spectrum of health effects.

The specific relevance of endocrine-disrupt-
ing compounds to male fertility in humans,
however, remains to be established. Damage
by endocrine disruptors to the male reproduct-
ive tract of laboratory animals is difficult to
extrapolate to humans, given species-specific
differences in key biological mechanisms.'?
The assessment of fertility in men presents its
own problems, and findings have been mixed.
For example, studies of persistent envir-
onmental pollutants and impaired testicular
function in humans have been mostly nega-
tive,'® but this does not rule out possible effects
from exposures earlier in development. One
observational study (from Seveso, Italy) has
been able to examine sperm counts in relation
to direct measures of early-life exposure to an
endocrine disruptor.”” Sperm counts were
lower in the sons of mothers who had been
exposed to dioxin and who breastfed their
sons. These findings are of great interest, but
with no opportunities for replication. The fact
that such studies have proven so difficult
points to the complexity of the biology—but
perhaps also to the elusiveness of the effect
being sought. Can so elusive an effect have
important public health consequences? At pre-
sent, there is no scientific consensus.

The endocrine disruption hypothesis has been
extended to male reproductive end points
beyond fertility."® Exposures to endocrine dis-
ruptors in fetal life have been proposed to affect
arange of male reproductive disorders including
testicular cancer, cryptorchidism and hypospa-
dias. There are tantalizing clues in support of this
hypothesis: testicular cancer is one of the few
types of cancer to have increased over the past
50 years," and factors operating i utero have
been linked to lower sperm concentration and
cryptorchidism in humans.**' The possibility of
a generalized ‘testicular dysgenesis syndrome’
has been supported by some experimental
work?>2*ifnot all.?> Even so, epidemiologic data
do not support the presence of shared endocrine-
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related causes of these disparate testicular out-
comes.”®? These discouraging results have led
some to question whether the testicular dysgen-
esis syndrome in fact offers a coherent approach
to testicular-related human disorders.”**

More broadly, we know remarkably little
about the most important question of all: the
status of human fertility. Even if we can dem-
onstrate biological mechanisms by which envir-
onmental pollutants might impair human
fertility, what evidence is there that damage actu-
ally occurs? It would be enormously useful to
know whether human fecundability (defined
as the chance of conception in a given menstrual
cycle) has declined over time. Unfortunately,
valid estimates of fecundability are nearly impo-
ssible to reconstruct retroactively.”® Prospective
studies face their own serious obstacles, espe-
cially for the detection of relatively mild effects.®’
Still, if useful information could be provided by
prospective fecundability studies (perhaps in the
Scandinavian countries or China, where condi-
tions for unbiased studies are more favorable),
then such studies should be conducted. We
know of no serious discussions of doing so.

Retrospective studies of human semen para-
meters are similarly fraught, although by a differ-
ent set of problems having to do with participant
selection, semen sampling and laboratory proto-
cols. Once again, prospective studies are more
trustworthy. A recently published prospective
study by Skakkebak and colleagues,” begun in
Denmark in 1996, is exemplary. Such data do
not rule out the possibility that sperm character-
istics have declined in previous decades, but the
study shows no evidence of decay of semen qual-
ity during the 15-year period of observation.
Sperm quality may even have improved. Similar
prospective studies are needed in diverse settings.

Even if effective monitoring studies were to
show no decay in human reproductive capacity,
good arguments can be made for research into
preventable causes of infertility. Many prenatal
and postnatal exposures—not necessarily
related to endocrine disruption—could plaus-
ibly impair fertility. Reduced sperm counts have
been reported (if not consistently) among the
sons of mothers who smoke during preg-
nancy.33’35 Prenatal vitamin deficiencies, infec-
tions and medications all have well-known
effects on human development, and could be
harmful to fertility as well. The large birth
cohorts established in Denmark and Norway
over the past 20 years”®’ are an important
resource for new fertility studies—particularly
with biological samples collected during fetal life
that can be used to assess early exposures.

Endocrine disruptors are good candidates for
investigation as reproductive toxicants in fetal
life, but hardly the only ones. Human fertility is

an intricate process, vulnerable to damage at
many steps along the way. As we capitalize on
new research opportunities to assess envir-
onmental threats to human fertility, we would
be wise not to put all our eggs (or sperm) into
one basket. If the history of fertility research has
taught us anything, it is that reproductive toxi-
cants come in many guises. We will be well served
by a range of hypotheses that are equally diverse.
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