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Is human fecundity declining -

and does occupational

exposures play a role in such a decline if it exists?

by Jarn Olsen, MD'

OLSEN J. Is human fecundity declining — and does occupational exposures play a role in such a
decline if it exists? Scand J Work Environ Health 1994;20 special issue:72—77. Demographers have
analyzed fertility over time and between many populations for many decades. Much less is known
about fecundity. Recent publications seem to indicate a decline in semen quality over time, but still
no good data corroborate or refute this hypothesis. The very sparse data do not indicate any substan-
tial changes in fecundity over the last 10—30 years in the United States, but none of the studies have
a comparability which permit any firm conclusion. Several chemical and physical exposures interfere
with human fecundity. Some are found at the worksite, sometimes in an intensity which does harm.
The marked effect of dibromochloropropane on semen quality and fecundity was a clear warning to
occupational health workers. Several other occupational exposures have shown an effect on gonads
in men or women, and it is time to give more research priority to the topic. The rapidly rising cost of
infertility treatment could be the stimulus to trigger the development of this research field.
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Evidence for changes in fecundity
over time

Once Cornfield was asked to give a lecture on the
principles of research. His first thought was to rise,
to say “Be careful,” and to sit down again (1). In like
manner, this presentation could be short. The answers
to the questions in the title are “don’t know,” “may-
be,” and “thank you very much for the invitation.”
In strict terms fecundity refers to the ability to pro-
duce live offspring and fecundability to the ability to
obtain conception within a menstrual cycle. In prag-
matic research it is often more appropriate to focus
upon the ability to produce a pregnancy which sur-
vives to clinical recognition, and the term fecundity
is used in that meaning in the following discussion.
It is well known that the monthly probability of
pregnancy (“fecundity”) among noncontracepting,
sexually active couples varies. Therefore the wait-
ing time to pregnancy differs among couples and also
between populations. In a group of couples with nor-
mal fecundity of 25% (a 25% probability of concep-
tion within a menstrual cycle), 82% are expected to
conceive within the first six months and 97% with-
in the first year. If subfecundity is defined as a wait-
ing time of more than six months, 18% of “normal
couples” are expected to be misclassified as subfe-
cund, and even for the classification of infertility (a
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waiting time of 12 months or more) 3% of “normal
couples” are expected to be classified as such. Sub-
fecundity is a probability classification with an in-
born error of misclassification at the individual level,
but not necessarily at the population level.

It is possible to estimate fecundity at the popula-
tion level, and there has been substantial advance-
ment in developing methods within the field since
the research activities gained speed about 10 years
ago. The proportion of infertile couples in the Dan-
ish population is, for example, about 16% for the first
pregnancy and 17% for subsequent pregnancies (2).
There have been achievements in the development
of statistical and measuring methods (3—8) and in
the development of standardized and validated ques-
tionnaires (9, 10). European studies of infertility and
subfecundity have, for example, developed question-
naires in several European languages. (Contact Wil-
fried Karmaus, NORDIG, Alte Kollaustrasse 32 A,
D-22529 Hamburg, Germany, to obtain a copy in
English, Spanish, Italian, French, German, Danish,
Polish, or Greenlandic.)

More than 15% of all couples experience a delay
in conception time of 12 months or more in their sex-
ual cohabitation aimed at producing a child (2).
About twice as many, however, have a similar pe-
riod of sexual activity without the use of contracep-
tives but with or without wanting a pregnancy (7).
Some couples know by experience that their fecun-
dity is low and that they need no contraception. A
waiting time to pregnancy is therefore a different
measure than a time period of noncontracepting sex-
ual activity. Waiting time to pregnancy and periods
of unprotected sexual intercourse are the terms used
in the European study to separate these two mea-
sures.



The large difference between these measures illus-
trates the problems in comparing population figures
over time. The use of contraceptive methods play a
role in the awareness of fecundity, and the use of safe
methods give little or no information. The use of un-
safe methods will, on the other hand, gradually build
up experience that can be used in pregnancy plan-
ning or in choosing contraceptive methods. Obvious-
ly the desire for a given family size also plays a role.
Couples who want no children may be infertile with-
out ever realizing it, whereas couples wanting a large
family are more likely to identify a fertility problem
if it exists. Different periods and cultures have dif-
ferent traditions for planning a pregnancy and dif-
ferent desires for a given family size. In many Eu-
ropean populations more than 80% of all pregnan-
cies are planned, whereas people in other countries
leave plenty of room for chance for “family plan-
ning.” These and other circumstances play a role in
the comparability of fecundity measures, which oth-
erwise may be easy to obtain even on a large scale.
Comparability is only obtained if these and other cir-
cumstances are similar, which they typically will not
be over longer periods.

The only data available that are comparable for
longer periods, in the sense that they are based upon
identical sampling principles and similar question-
naires, stem from the National Survey of Family
Growth in the United States (US) (11—13). Their
figures depend, however, upon the wish to become
pregnant and past experience with reproduction. Im-
paired fecundity in the US study was defined as cou-
ples who said it was impossible to have a baby for
some reason other than sterilization or that it was dif-
ficult or dangerous to conceive or deliver a baby or
that married couples used no contraception without
getting pregnant in 36 months or more. The preva-
lence of impaired fecundity measured in this way did
not change between 1982 and 1988. For married cou-
ples in the United States, data also exist on infertili-
ty back to 1965. From 1965 to 1988 the prevalence
of secondary infertility declined but was balanced
with an increase in primary infertility (infertility
among nulliparas).

In spite of the fact that the US surveys were car-
ried out according to standardized principles of data
collection and the use of representative sampling
from the population, the comparisons over time could
be biased. If, for example, habits of sexual cohabi-
tation or the use of contraceptives changes over time,
it could play a role in how many couples are able to
estimate their fecundity status. It is to be expected
that more couples with low fecundity would know
this in societies of large families or those with sta-
ble sexual relationships who make limited use of safe
contraceptive methods. In many industrialized soci-
eties the trend has been away from such a culture to
more unstable relationships with smaller families.
Even if the biological fecundity had remained un-
changed over time, it could be expected that the fre-
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quency of known cases of subfecundity would in-
crease. An unchanged frequency of known subfecun-
dity could perhaps be circumstantial evidence of a
possible decline in biological subfecundity over time,
but this is not known.

In fact what is left is circumstantial evidence be-
cause no hard data exist on the change of factual fe-
cundity over time.

Litter size is sometimes taken to reflect fecundity
in animal experiments, but it need not be the case
for humans. Single pregnancies, or at least single
deliveries, are the most common, and multiple preg-
nancies could indicate an anomaly just as well as
being a sign of high fecundity. It is nevertheless strik-
ing that the proportion of dizygotic twins has de-
clined substantially in many countries over a long
period (14—16). It is one of the best documented
changes in reproductive epidemiology for which
there is no good explanation, but only hypotheses.
Some of these hypotheses reflect an increasing load
of exposure to reprotoxic factors. Apparently, the
decline in twinning rates has stopped in some coun-
tries (17, 18), but the cessation could be due to an
increasing use of hormones in the treatment of in-
fertility.

Some of the problems related to the use of end-
point determinants of the ability to reproduce are re-
lated to the fact that nature has generously built in
an overcapacity which will cope with even severe
impairments. Even with very low fecundity most
couples will be able to have the children they want.
Many couples will go through life with impaired fe-
cundity without noticing it, and, if the low fecundi-
ty is due to exposures which cause no other side ef-
fects, they need not bother. It is, however, not un-
likely that such exposures cause other diseases as
well (2), and some of the exposed couples do have
problems getting the number of children they want.
That is why proxy indicators of subfecundity are of
great scientific interest. Semen quality and quantity
is the most promising of these indicators for many
reasons. Semen samples are available without inva-
sive procedures and semen quantity and quality may
be a very sensitive indicator of hazardous environ-
mental exposures.

If there are representative surveys of semen sam-
ples over time, one would have a very valuable in-
dicator of changes in environmental exposures with
impact on male fecundity. Unfortunately, no data
exist. Again, there is only circumstantial evidence
which will not hold in court under close scrutiny.

Several reports in the last two decades have indi-
cated a drop in semen quality over time (19—23).
Basically two types of evidence are available, name-
ly, semen samples from published studies in the lit-
erature and data from men seeking help at infertili-
ty clinics. Both types of data show a decline in sperm
volume and concentrations over time. In a recent
meta-analysis of 61 published studies of semen quan-
tity from men expected to have normal semen (many
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were reference groups in comparative studies), a de-
cline of spermatozoa concentration from 113 -
10° - mI" in the 1940s to 66 - 10° - ml™' in 1990 was
reported. Volume had dropped from 3.40 ml to
2.75 ml in the same period (24). This finding is dis-
turbing, regardless of the fact that none of the stud-
ies fulfilled even basic principles for being com-
parable. Bias due to information, selection, or con-
founding may distort results in every direction, also
in the form of masking a more substantial declining
trend.

The steady decline of sperm concentration, as il-
lustrated in reference 24, is, however, only one of
several possible ways of summarizing the findings.
The justification for the declining trend does, in fact,
depend upon the quality of merely a handful of
studies from 1935 to 1955. The data may equally
well fit two plateaus, one representing the time be-
fore 1965 and one after 1965. Since sperm volume
and sperm concentration is closely related to time
since last ejaculation, a difference in sexual activity
could also explain the findings. It is possible that the
“sexual liberation” in the 1960s, fewer workhours,
and the better access to safe contraceptive methods
have been followed by more sexual activity and thus
a shorter time since last ejaculation in the later se-
men samples. The apparent decline in semen quan-
tity could be due to an increase in sexual intercourse
or different selection criteria for “normal” men to the
samples.

Of greater concern are results from infertility clin-
ics in which semen samples have been examined ac-
cording to unchanged criteria by the same person-
nel. Such samples have also shown declined values
(25), but they are surely not comparable due to se-
lection bias. With these data it is, however, difficult
to imagine selection bias exaggerating a decline.
More infertile couples would be expected to seek
help now than a decade ago, and the involvement of
men in the examinations has, furthermore, changed.
Previously, men were not examined unless no rea-
son for subfecundity was found for the female part-
ner. Now the diagnostic process often starts with a
semen examination. It was thus more likely that men
examined 10—20 years ago had low semen quality
than what is expected today. One would expect old-
er semen samples from the infertility units to over-
sample men with subfecundity compared with recent
samples. The bias is expected to produce a positive
trend in semen quality even if none existed — not
to show a decline.

If the decline in semen quantity is real, there are
no more than speculations to offer as to why. Rela-
tively little research has been devoted to the studies
of causes of infertility in comparison with the invest-
ments spent on research into treatment aspects. En-
vironmental exposures which have increased over
time, perhaps of the type that accumulates in food
chains, could be a possibility. Polychloride biphenyl
exposure plays, for example, a role in the fertility of
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seals in the Baltic Sea. Life-style factors like smok-
ing could also play a role, especially if such life-style
factors show their effect in the next generation. Ex-
posures in utero or early childhood could “program”
the reproductive organs during critical phases of their
development. Studies of this type will be an inter-
esting area for research in the Nordic countries since
their birth registers now cover several two-genera-
tion pairs.

It is more difficult to suggest occupational expo-
sures which could be responsible for a decline in fe-
cundity, if such a decline exists. Several occupational
exposures are known which may impair fecundity,
but most of these exposures have not increased over
time. It is, however, true that an increasing number
of women are participating in the work force, a phe-
nomenon which perhaps could be important to a de-
cline in couple fecundity for which no documenta-
tion exists. That would of course not explain a de-
cline in semen quantity, for which there is some weak
circumstantial evidence.

Occupational risk factors of subfecundity

The marked effect of the nematocide dibromochlo-
ropropane (DBCP) on male gonads was a clear warn-
ing to the medical world (26, 27). It had the mes-
sage that male gonads can also be target organs for
occupational exposures, and new chemicals must be
monitored to avoid irreversible damage to human fe-
cundity. Simple monitoring instruments based upon
standardized fertility ratios were developed after the
DBCP case (28), and they have been used in a few
selected settings (29). The DBCP story initiated re-
search into the occupational hazards of male fecun-
dity, especially within the fields of pesticide and her-
bicide exposure (30). Many of the studies have, how-
ever, been rather small and with little information
due to poor methodology and lack of statistical in-
formation.

A large case-referent study carried out more than
10 years ago identified several potential occupational
risk indicators for subfecundity among men and
women. Male exposures to heat and welding fumes
were identified as such risk indicators, just as expo-
sure to noise, textile dyes, lead, mercury, and cad-
mium for women (8). The association between weld-
ing exposure and the infertility couples was con-
firmed in other studies (31—33), and substantial
work has been done in examining the association
between welding exposure and sperm quality, as well
as sex hormones (34). These studies have corrobo-
rated the hypothesis that welding exposure can re-
duce male fecundity. The studies do, however, de-
tract from the hypothesis that this is a problem re-
lated specifically to welding on stainless steel, and
the apparent effect may still be due to confounding
by a parallel exposure to heat at the welding site.

Fecundity, as measured by waiting time to preg-
nancy during normal sexual cohabitation without the



use of contraceptives, has also been followed in the
textile industry. Women exposed to dust in the tex-
tile industry had a prolonged waiting time to preg-
nancy, but the dust exposure was closely linked to
jobs with a high level of job stress, which was not,
however, measured (35, 36).

The range of occupational exposures with poten-
tial harmful effects on fecundity is very large, but
substantial and convincing evidence is usually lack-
ing. Intense exposure to heat, radiation, and lead may
impair testicular function (37—40), but whether such
exposures exist in sufficiently high concentrations in
present well-organized industries is not known. There
is some empirical support for a possible association
between exposure to microwaves and fertility (41),
but whether other types of exposure in the large
range of nonionizing radiation play a role is under
study, and there is hope for better data within the
next decade.

Infertility and subfecundity have been reported
among women occupationally exposed to anesthet-
ic gases (8, 42, 43). Exposure to lead and mercury
may also impair female fecundity (37). Females em-
ployed as pharmaceutical assistants and dental assist-
ants have also shown impaired fecundity in some
studies (44, 45).

The information on occupational causes of subfe-
cundity is limited and scattered, and often out of date.
Evidence from animal studies is usually not fol-
lowed-up, and the research field has, in general, a
rather low priority, which is not justified. Infertility
is a large public health problem entailing huge costs
in terms of suffering and expensive medical treat-
ment. If the world is facing a decline in human fe-
cundity which has roots in environmental exposures,
research should be directed towards populations with
the highest exposure, which are often specific occu-
pational groups.

How to fill the gaps

First of all it should be realized that too little is
known, partly because rather few research funds have
been devoted to the field and cause-effect relation-
ships are easier to study in occupational epidemiol-
ogy and toxicology. Fecundity has been brought to
the test only a few times in industrialized societies
with low fertility. Fertility problems are often not
diagnosed (46—48), partly because many couples
with infertility problems do not seek medical advice.
Fertility problems are sensitive matters which are dif-
ficuit to accept and talk about for many, probably be-
cause they relate closely to fundamental biological
issues of human life.

Research funding has often been denied, with ref-
erence to the global population growth, which un-
doubtedly is one of the main problems in the world
today. Population control rests, however, on an en-
tirely different mechanism that has little to do with
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fecundity. Being able to get the desired number of
children may in fact be one important element in
reaching successful population control.

Impaired fecundity will often remain unrecog-
nized, both for couples and for society. Only by using
biological markers of subfecundity will it be possi-
ble to unmask hazardous exposures. The most prom-
ising marker is semen quality and quantity, for which
technological development has improved the possi-
bilities for mass screening and refined measures of
a functional type are also available. One may hope
that more relaxed attitudes towards normal body
functions will make it possible to conduct studies on
male fecundity with reliable participation rates. It
could be worth trying in the northern European coun-
tries, and some studies are in progress.

Couple fecundity can be studied by measuring
waiting time to pregnancy and infertility. In the “Eu-
ropean Study of Infertility and Subfecundity” a very
large data set has been collected throughout Europe.
The study should permit an overview of the frequen-
cy of infertility and subfecundity in a large number
of very different settings according to cohabitation
norms, use of contraceptives, and occupational ex-
perience. The study should also permit infertility to
be subdivided by different occupations, at least at a
descriptive level. All in all, the study will provide
information which may be used in setting priorities
for further research tasks.

Clinical data suffer from the fact that they exist
only for the couples who have surfaced to clinical
diagnostics. Population surveys, on the other hand,
usually only identify subfecundity without any clin-
ical subdivisions in relevant subgroups. Since sub-
fertility reflects a functional incapacity rather than
an etiologic entity, one should try to combine the
population approach with the clinical approach. A
two-stage investigation using structured question-
naires to identify couples with subfecundity, fol-
lowed by clinical evaluation and subdivision into dif-
ferent diagnostic entities, could be a rational ap-
proach for obtaining both validity and a reasonable
detection level. Such a study would be rather expen-
sive, but some investments into the research field is
justified and the expertise is now available.

Better use of toxicologic data from animal exper-
iments should also be made. The DBCP experience
was not only illustrative in pointing out so clearly
that occupational exposures can impair human repro-
duction, but also in illustrating that this effect had
previously been shown in animal experiments (49).

Occupational exposures that are hazardous for hu-
man fecundity are probably rather specific, and they
will likely remain undetected for a long time in the
absence of any systematic surveillance. Standardized
fertility ratios (28) for specific occupations could be
a useful and important part of routine statistics, such
as occupational cancer and mortality tables. Most of
all, a research tradition needs to be established and
maintained in a field that has to depend upon gen-
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eral funding agencies and that lacks support from
outspoken pressure groups. It is noted with pleasure
that the World Health Organization advocates that
higher priority be given to the field (50, 51).
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