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Introduction

The NIOSH list of 10 leading work-related diseases and
injuries in the United States includes disorders of reproduc-
tion.' Based on the proposed national strategy by NIOSH
and the Association of Schools of Public Health for the
prevention of disorders of reproduction, it is apparent that
surveillance for these disorders-like the epidemiology and
toxicology of reproductive disorders-is in an early stage of
evolution.2 Because of an increasing awareness of work-
related disorders of reproduction and a perception of risk by
the population, a call for action, concerted coordination, and
commitment by the public health community are indicated to
address these issues.

National strategies for surveillance of reproductive dis-
orders are presently fragmentary and poorly coordinated. A
need exists to develop, expand, integrate, and link current
surveillance activities in the government, private industry,
unions, and academia. In addition to developing existing
sources of surveillance information, new and creative sur-
veillance systems for reproductive disorders should also be
developed.

There are two possible types of surveillance: surveil-
lance for work-related disorders of reproduction and surveil-
lance for physical and chemical hazards to reproductive
health.2 Disorders of reproduction can be prevented when
hazards to reproductive health are controlled. The strategy
relies on identifying risks to reproductive health through
hazard surveillance.3 When hazard surveillance identifies the
source of a problem and controls are instituted, surveillance
for work-related disorders of reproduction can document
success in eliminating the hazard.

Surveillance for work-related disorders of reproduction
documents the occurrence of these disorders in working
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populations. Surveillance for hazards to reproductive health
identifies potential exposures to the population at risk. This
paper covers surveillance for work-related disorders of
reproduction; two companion papers in this monograph
address hazard surveillance for identifying populations at risk
(see chapters VI and VII). We will assume a generic popu-
lation at risk for the surveillance system discussed here.
Thus, when we refer to industry-based surveillance, we
assume that an industrial population at risk has been identi-
fied.

At the meeting of the NIOSH Surveillance Evaluation
Group in December 1987, surveillance activities of NIOSH,
other health agencies, state health departments, and private
industry were discussed, and modest recommendations were
made. The chapter relates to previous NIOSH efforts by
focusing on the NIOSH strategy as a guide for reviewing the
state of surveillance for reproductive disorders. Because the
counting of work-related injuries and illnesses is a difficult
task,4 we cannot hope to address all areas but only expect to
focus the thoughts of readers.

Disorders ofReproduction

The spectrum of reproductive disorders that may be
associated with parental (maternal, paternal, or both) expo-
sures to environmental agents includes infertility, early fetal
loss (spontaneous loss), altered sex ratio, late fetal death,
neonatal death, low birthweight, birth defects, developmen-
tal disabilities, childhood malignancies, and childhood mor-
tality. This paper will focus on the general concept of
surveillance for disorders of reproduction as a counting of
reproductive outcomes (whatever their nature) that result
from events occurring before or after conception.

Surveillance can be achieved for some disorders through
the registration of vital events, such as fetal deaths and births.
If relevant information on industry and occupation is incor-
porated on vital records and is coded, then endpoints such as
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altered sex ratio, late fetal death, neonatal death, low
birthweight, and some birth defects can be used to evaluate
the experience of individuals in broad industry and occupa-
tion categories. Otherwise, vital statistics systems provide
only nonspecific, work-related baseline incidence rates. With
respect to the vital statistics systems, however, the further
the outcome is from the time of exposure, the harder it may
be to relate the event to parental workplace exposures. This
temporal consideration may limit the usefulness of data on
developmental disability, childhood malignancies, and mor-
tality.

Surveillance of early endpoints that occur close to the
time of conception or attempted conception-such as infer-
tility and spontaneous abortions-is potentially more infor-
mative because of the temporal proximity to exposure in the
workplace. On the other hand, early endpoints such as very
early fetal death may be difficult to ascertain and therefore
difficult to count. Buffler and Aase recommend monitoring
populations for spontaneous abortions in conjunction with
the use of specific tests to determine the frequency of
anomalies among these spontaneous abortions. Various
hazards to reproductive health potentially increase the fre-
quency of spontaneous abortions. These include hazards that
alter the post-conception maternal environment, impair the
preconception ovum genetically, produce genetic or cyto-
logic damage to the early embryo, and damage the sperm.
Although the completeness of reporting is still under study,
industry-based systems could potentially monitor the early
occurring reproductive disorders, such as spontaneous abor-
tion, and vital statistics systems could monitor the late
occurring reproductive disorders, such as birth defects and
infant mortality.

Historical Background

The public health importance of disorders of reproduc-
tion to the growth of society can be traced to the beginning
of epidemiologic history. In the 17th century, John Graunt
and William Petty suggested:

"By the proportion between marriages and births, and of
mothers to births, may be learnt what hindrance abortions and
long suckling of children is to the speedier propagation of
mankind..."6

In the 19th century, William Farr measured the impact of
reproductive disorders on population growth by counting
their occurrence.7 Farr aptly observed that reproductive
outcomes affect the underlying economic and social fabric of
a nation, and their influence can be measured by the actuarial
laws and principles that govern the growth of a population.
Even though William Farr may have worked out the actuarial
effect of reproductive disorders, the process of how to collect
surveillance data remains problematic. Disorders of repro-
duction, such as infertility or spontaneous abortions, may not
receive medical treatment and may not be recorded in
medical or registration systems. In addition, some disorders
of reproduction are not uniformly defined. For example,
reduced fertility is difficult to define, and the data required to
evaluate fertility are often personal and time-consuming to
collect.

Based on the success of traditional public health systems
for surveillance of infectious diseases, surveillance for work-
related disorders of reproduction is an obvious and necessary
step toward understanding the nature and characteristics of
work-related disorders of reproduction. Indeed, the goals of

surveillance for disorders of reproduction resemble those of
surveillance for infectious diseases. The epidemiologic study
of infectious diseases depends on surveillance systems that
identify and report cases of disease to measure the frequency
and impact of infectious pathogens. Similarly, surveillance
for work-related disorders of reproduction would provide a
method for both detecting their occurrence and monitoring
progress toward eliminating the hazard. Once hazard sur-
veillance identifies the population at risk, then surveillance
for reproductive disorders can identify adverse reproductive
effects in the population. Surveillance for reproductive dis-
orders can be used to construct baseline incidence levels for
reproductive disorders just as surveillance for infectious
diseases documents baseline endemic disease levels. A major
difference between surveillance for disorders of reproduction
and surveillance of infectious diseases is the clear association
of pathogens with infectious diseases and the lack of known
causes for most work-related disorders of reproduction.

Thus, surveillance for disorders of reproduction chal-
lenges the traditional public health methods for surveillance
of communicable diseases. The ideas of one system cannot
simply be adopted to develop the other system. Neither the
ease of displaying some of the epidemiologic determinants of
person, place, and time (such as age, race, sex, time of onset)
for infectious data nor the relative ease of recognizing and
reporting infectious diseases holds true in the surveillance of
disorders of reproduction.

Obtaining the epidemiologic determinants for counting
person, place, and time in work-related disorders of repro-
duction is more difficult because the surveillance process is
confounded by a need to consider both occupational and
nonoccupational agents, rank the incidence rate relative to
background incidence rates (that may not even exist), and
attribute exposure to an event occurring before conception or
during pregnancy. Even if a given hazard is known to produce
a specific effect and it can appropriately be measured through
surveillance, it may not be the only hazard that produces that
effect. Questions about the interpretation of surveillance
statistics undoubtedly also cloud the issue of how to develop
surveillance systems. For example, even if disorders of
reproduction were defined unambiguously, the following
epidemiologic considerations would still limit interpretation
of surveillance results.

* Distinguishing the work-relatedness of disorders of
reproduction is complicated because workplace ex-
posures to hazards can be mixed with nonoccupa-
tional, environmental exposures and can also be
influenced by personal behaviors (e.g., cigarette
smoking, alcohol consumption).8

* Disorders of reproduction represent an interaction
between individual genetic makeup; environmental
conditions; and the intensity, duration, and timing of
exposure to those conditions. All individuals will not
respond in the same way to exposures, and this further
complicates the determination of etiologies. Neither
gender can be said to be the more vulnerable to
reproductive toxicants.

* The causes ofthese disorders are largely unknown. An
agent may be chemical, physical, or biologic and may
act independently or in combination with other agents.
Any given agent may act as a reproductive toxicant
affecting postpubertal reproductive or sexual func-
tion, or it may be a developmental toxicant affecting
growth, development, or acquisition of normal organ
function between conception and puberty.
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* Establishing a causal association between workplace
conditions and reproductive health is difficult. Most
associations studied are nonspecific; a single toxicant
can produce a variety of adverse outcomes, or a class
of outcomes can result from a variety of different
agents.

Historically, the value of surveillance has been in its
simplicity and in its capacity to provoke ideas and promote
new avenues of thought. Because disorders of reproduction
cover a complex spectrum of events, a single surveillance
system may not provide adequate data on all outcomes.
Nevertheless, several simple systems of surveillance have
been used successfully to deal with simple issues of infectious
diseases, and these might be considered for reproductive
health. In-depth epidemiologic studies should be distin-
guished from surveillance activities that focus on events
rather than on individuals and require timely reporting and
feedback.

No historical precedent exists for implementing a na-
tional surveillance system for disorders of reproduction.
Precedents now being established will be discussed in the
following sections. Earlier in this decade, the World Health
Organization (WHO) assessed the difficulties involved in
addressing reproductive hazards in the workplace. WHO
recognized a definite lack of surveillance systems for repro-
ductive disorders; only one published paper among the nearly
200 references cited in the WHO report mentioned surveil-
lance in the title.9

NIOSH Surveillance

In 1985, NIOSH discussed reproductive disorders
among 10 leading causes of work-related diseases and
injuries. '0 This was not the first NIOSH initiative on repro-
ductive disorders; in 1978, NIOSH had stated a commitment
to conduct research that would "identify and eliminate
reproductive effects due to workplace hazards to workers of
either sex."" Despite some attempts to develop a national
surveillance system, none has yet been developed, and
NIOSH typically learns about work-related disorders of
reproduction when clusters of specific events, such as spon-
taneous abortions, occur among employees in a particular
work environment'2"13 or, less commonly, through estab-
lished mechanisms for reporting disorders of reproduction to
specialized registries, such as the CDC Birth Defects Mon-
itoring Program.14 Investigating these reports is difficult
because comparative national data for assessing the signifi-
cance of events are not readily available."5

Current NIOSH surveillance of reproductive disorders
in employed populations emphasizes development of meth-
ods for adapting existing data sources to provide reliable
information on maternal and paternal occupation and indus-
try, promote national and state population-based systems,
and link data sources. Existing national and regional systems
have been improved by standardizing the coding of industry
and occupation on vital and health survey records.

NIOSH developed and awarded Surveillance Coopera-
tive Agreements between NIOSH and States (SCANS) to
develop capacity within the states for coding industry and
occupation on death certificates.'6 Developing the use of
existing and new data through programs like SCANS in-
volves standardizing the coding ofoutcome and employment,
increasing reporting, and managing data. Programs like
SCANS may have substantial impact because of the popu-
lation base covered by vital statistics data.

Through the NIOSH SCANS program, coders have been
trained to incorporate industry and occupation data in na-
tional vital statistics systems. Under these agreements, three
states have directed part of their state's activity to vital
statistics records on reproductive outcomes. For coding fetal
death and birth certificates, interest focuses primarily on the
industry and occupation at the time of the event, whereas for
coding death certificates, attention centers on the usual
industry and occupation of decedents. The occupation and
industry of the mother and father would be more relevant for
reproductive surveillance involving infant and early child-
hood deaths. Utah and New York State have analyzed a
subset of their data, and Maine is currently evaluating the
quality of information on occupation and industry collected
and recorded on birth certificates. In addition the State of
Washington is currently conducting a review of disorders of
reproduction and parental occupation based on vital regis-
tration information.

Adapting data from existing vital statistics systems (live
births, fetal death, and infant deaths) to define background
incidence rates and identify groups ofworkers with abnormal
rates of reproductive disorders is difficult because parental
industry and occupation are not routinely coded in national
systems of vital statistics data, except in the case of fetal
deaths.t National data systems offer the advantage of pro-
viding population-based estimates for certain disorders of
reproduction.

NIOSH has successfully used both the National Mater-
nal and Infant Health Survey'7 and the National Survey of
Family Growth,'8 conducted periodically by the National
Center for Health Statistics, to calculate national background
incidence rates for certain adverse reproductive outcomes.4t
The National Maternal and Infant Health Survey is a follow-
back survey of live births and fetal deaths reported in vital
statistics systems and includes additional information about
events and exposures that may be associated with charac-
teristics of live births and fetal deaths. The National Survey
of Family Growth is a follow-up survey of Women of
reproductive age who have been interviewed in the National
Health Interview Survey. Additional information is obtained
during this follow-up about fertility, pregnancies, and factors
associated with fertility and pregnancy outcomes. NIOSH
has also used data from state and local health departments to
calculate local rates.'9 The 1980 National Natality Survey20
and the National Fetal Mortality Survey2' have been used to
characterize the occupations of mothers during the year
before their deliveries.

State and Hospital-Based Surveillance

The states are in various stages of developing birth
defects registries. "1 Currently, one-half of the states have
operating systems, one-fourth are developing systems, and
the remaining one-fourth have no systems. The operating and
developing systems are characterized by diversity, and their
purposes range from epidemiologic study to program man-

lLalich NR, Salg J, Shilling S: Data sources for adverse reproductive
outcomes surveillance: Occupational data. Paper presented at the National
Environmental Public Health Conference, 1986.

ttLalich NR, Shilling S: Maternal occupation and industry, and preg-
nancy outcome in the United States, 1980. Paper presented at 111th annual
meeting, American Public Health Association, November 13-17, 1983, Dallas,
Texas.
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agement. The bulk of the effort, however, is in the surveil-
lance of birth defects.

In addition to developing registries for birth defects,
Arkansas has developed a registry for spontaneous abor-
tions. Potential problems may exist in using data from state
surveillance systems because these systems differ in their
organization, funding authority, populations covered, out-
comes surveyed, geographic area covered, method of sur-
veillance, sources of data, analytic methods, and reporting of
data. The usefulness of these systems and the importance of
data consistency are currently under discussion.

The CDC Birth Defects Monitoring Program compiles
discharge data on patients from approximately 1200 hospitals
in the United States.'5 The program, which was established
in 1974 and relies on voluntary reporting, is the single largest
source of information on birth defects in the United States.
However, the program does not cover early miscarriages and
has no provisions for prospective follow-up of pregnancies.
Another surveillance system for birth defects is the Metro-
politan Atlanta Congenital Birth Defects Program, also man-
aged by CDC. Since 1967, CDC has tried to record all live and
stillborn infants with structural and biochemical congenital
defects born to mothers residing in the five-county metro-
politan Atlanta, Georgia, area.22 The value of this system was
demonstrated in the study of birth defects associated with
occupational exposures among Vietnam veterans. 23,24 Cur-
rently, researchers in the Birth Defects and Developmental
Disabilities Division of the CDC Center for Environmental
Health and Injury Control are seeking to standardize surveil-
lance methods by defining the minimum information needed
for all surveillance data sets.

Industry-Based Surveillance

Surveillance systems may be sponsored and imple-
mented by individual companies within a given industry, such
as the petroleum refining industry. Although these systems
are in their infancy, they are potentially valuable for the
surveillance research objective. Industry-based surveillance
offers the distinct advantage of conducting surveillance
directly where problems exist in the work environment
instead of relying on secondary reporting sources in which
events may only be reported as a result of medical treatment.

Several investigators have already advocated the use of
industry-based surveillance.5 They suggest that data on
fertility, fetal death, congenital malformations, low birth-
weight, and altered sex ratios can be calculated from existing
or slightly modified company databases and compared with
available population-based rates that were developed using
data systems from the national surveys of the National Center
for Health Statistics.

Although industry-based surveillance is a promising new
source of data, members of the workforce may be reluctant
to provide personal information routinely about either them-
selves or their spouses on pregnancy status, fertility prob-
lems, early fetal loss, or semen characteristics. They are
concerned that employers may be tempted to use the data for
other purposes, for example, to guide decisions on promo-
tions, transfers, or even terminations. Considering the novel
idea of industry-based surveillance and its current use in
several industries, appropriate safeguards must be developed
to protect the privacy and rights of the workforce so that
surveillance can prevent the tragedies of work-related disor-
ders of reproduction.

Recommendations
A major overall recommendation is to use the NIOSH

proposed national strategy3 to guide and focus efforts. This
national strategy for achieving reproductive health recom-
mends: 1) increased communication among public health and
occupational constituencies, and 2) creativity in approaches,
and examination and expansion of existing systems. Specific
tasks should be considered as combined activities of govern-
ment, industry, and labor and of volunteer organizations and
university investigators. Reaffirming traditional public health
methods for surveillance of communicable disease, these
tasks include timeliness of reporting results, focusing on
disease events rather than individuals, testing creative ap-
proaches for gathering data, coordinating the gathering of
data, and evaluating existing systems.
* Increasing the Quality of Communication

A national network of public health professionals who
are involved in surveillance for reproductive disorders should
be augmented by developing a newsletter that reports the
results of surveillance. Responsibility for developing the
newsletter and a mailing list should be assigned to an agency.
Such a vehicle for sharing information gathered through
surveillance systems could provide regular reports on sur-
veillance efforts in government agencies, industry, labor
groups, volunteer organizations, universities, and others.
Over time, the newsletter could evolve into a more formal
report that solicits contributions, attempts to review findings
in the literature objectively, presents and contrasts more
lengthy reports, and presents surveillance data collected
from available sources. This activity could also begin to build
an archive of tables as a basis for calculating national rates
and other measures of reproductive disorders by industry,
occupation, environmental factors, and other population
characteristics and peculiarities.
* Encouraging the Development of New and Creative Surveillance

Mechanisms

At this time, a testing of ideas and developing of new
systems is appropriate and investigators should try new
surveillance mechanisms and compare results with existing
systems. They should select an industry-based surveillance
system in an area that also has a nonindustry-based surveil-
lance system, monitor the industry-based surveillance sys-
tem and note its progress and problems, and compare results
of the industry-based surveillance with locally collected
surveillance data. For example, some companies and some
industries have already expressed interest in conducting
surveillance for disorders of reproduction following the
Digital Equipment Corporation report.:

Conclusions

Methods for preventing reproductive disorders in the
population as a whole substantially parallel those found in the
workplace. As a corollary, a system for surveillance of
disorders of reproduction-work-related or not-can be
helpful in understanding the epidemiology of work-related
reproductive disorders.

Any delay in developing and implementing surveillance
for disorders of reproduction may stem in part from a lack of
specific outcomes or specific populations at risk identified by
hazard surveillance. Diversity in the NIOSH goals and
purposes for baseline surveillance of disorders of reproduc-
tion reflects a need to consider surveillance as an action item
rather than a research need in the NIOSH national strategy.
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Surveillance for reproductive disorders is not yet part of the
action plan that includes conducting detailed epidemiologic
investigations, conducting detailed surveillance for hazard-
ous agents, and encouraging occupational health profession-
als to work with public and private health organizations to
provide educational materials.

Whether trends are identified or disorders of reproduc-
tion remain anecdotal may depend in part on the degree of
communication within a given industry, the awareness by
labor organizations of the problems, or the awareness by
investigators of similar problems reported in the literature.

Congress has suggested that surveillance for occupa-
tional disease is far behind other disease reporting mecha-
nisms.25 Surveillance for communicable diseases appears to
have all strategic elements in place, such as networks of
health departments, lists of notifiable disease, and collabo-
rating laboratories. Unlike systems for communicable dis-
eases, however, surveillance for occupational hazards to
reproduction is confounded by hazards in other environ-
ments. To build a network for reliable surveillance of work-
related disorders of reproduction is a large and challenging
task, but clearly current efforts will need to be focused and
coordinated.

A first step will be to build a collaborative scientific
surveillance community that can evaluate the quality of the
data, refine measures of effect and exposure, and develop
criteria for interpreting these measures. Passions, prejudices,
and opinions may be a source of confusion ifthey promote an
interpretation of events favorable to certain views while
weakening the participation of contrary opinions.26 Quality
surveillance can usually dispel illusions that are founded on
daily experiences but exaggerated by fears and hopes.
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