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We commend Savitz et al. [1994] for their effort at summarizing the ¢pidemi-
ology literature regarding paternal occupational exposure and spontancous abortlon,
especially as it pertains to methodological issues. They identified three major meth-
SPH odologieal issues: (1) accurate ascertainment of the occurrence of a spontaneous
abortion, (2) validity of the father's exposure assignment, and (3) potential confound-
er & ing by parental lifestyle factors that may be comelated with paternal occupation.
iology Concerning the first issue, it should be noted that an article was recently published by
lina Fikree ct al. {1993] that assessed the recall agresment of pregnancy outcomes among
857 couples. Using the wives' reports as the standard, Fikree et al. [1993] found
71.2% sensitivity and 98.8% specificity for husbands' recall of spontanecus abor-
tions. We have also observed differences in recall of spontaneous abortions by male
. employees. These observations showed that 20 spontancous abortions were recalled
sure and among 96 (20.8%) lifetime pregnancy outcomes (live births, still births, and spon-
taneous abortions) by-male employees who had their spouses/partners assist with a
taneous reproductive health survey. There were ounly six spontancous abortions among 114 i
(5.3%) lifetlme pregnancy outcotnes recalled by male employees who chose not to .
\n J Ind involve a spouse/paniner. These data support the opinion of Savitz et al. {1994) that
paternal occupational exposure studies ‘‘should routinely seek reproductive outcome
95100 information from the woman, whenever possible.”
wpational Based on the Infante et al. [1976a] data collected from male employees only,

Savitz et al. {1994] suggested that further epidemiologic ressarch be initated on
paternal occupational exposure to vinyl chloride and spontancous abortion. Infante et
al. [1976a) reported an age-adjusted fetal death loss of 15.8%, as recalled by male
workers (N = 95) who had potential exposure to vinyl chloride, compared to 8.8%
recalled by rubber and polyvinyl chloride fabrication male workers (N = 158). When
the analysis was restricted to men under age 30, they reported 20.0% fetal death loss
for the vinyl chloride group compared to 5.3% for the nonexposed group.
Although they alluded to the fact that the risks reported by Infante ct al. [1976a)
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Fig. 1. Fetal deaths by paternal age and potential exposure to viayl ehloride monomer a5 defined by
Infante &t al. Note: the rubber and pelyvinylchionde fabrication group was considered not exposed to
viny) chioride monomer. The ratios in the graph arc the number of fetal deaths divided by pregnancies per
cach age group (adapted from Infante et al., 1976a,b: Stallones, 1987).

were observed primarily among the younger male employees, Savitz et al, [1994] were
apparently unaware of additional paternal age-specific fetal death loss data requested
by Paddle [1976] and $ubsequently published by Infante et al. {1976b). These addi-
tional data demonstrated that the difference in the overall age-adjusted risks (15.8%
vs. 8.8% in the original published work) was the result of divergent age-specific fetal
death loss percentage in only one of the four 5-year age strata (Fig. 1).

The late Reuel Stallones, in a commentary on the use and abuse of subgroup
analyses in epidemiology [1987], asked the following questions concerning the In-
fante et al. [1976a] data: *“Why was the harm limited to the 25- 0 29-year age group?
Why was the rate higher in the exposed 25=29-year age group than in cither of the two
older exposed age groups? Why was the rate lower in the nonexposed 25-29-year age
group than in the younger, nonexposed age group?' Stallones’ conclusion was *‘No
anywers to these questions are evident; a sensible conclusion is that something went
wrong in the study, resulting in aberrant findings, and that the study therefore should
be discarded. If published at all, the data should appear in a textbook of epidemiology
as a most pertinent example of the value ot a subgroup analysis in discovering a
problem, intzrnal to the research, which renders invalid the results obtained for the
total group and which might have been aceepted had the subgroup analysis not been
done."* Hatch et al. {1981) have also raised other concerns about the analyses in
Infante et al, [1976a].

Savitz et al. [1994) suggested that the dominant lethal test may be the animal
study most relevant to human spontaneous abortion. In this regard we note that Short
et al. [1977] reported a negative result for vinyl chloride in the dominant lethal assay
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in male rats exposed to vinyl chloride levels as high as 1,000 ppm for 6 hours daily
over an 11-week period. Anderson et al, [1976) found no response to viny! chloride
in the dominant lethal assay in male mice exposed briefly to levels as high as 30,000
ppm.

In summary, we again commend Savitz et al, [1994] for theic ambitious and
comprehensive review of the literature concerning paternal occupational cxposures
and spontaneous abortlon, However, we concur with Stallones’ [1987) con¢lusions.
W believe there is no justification for contnuing to use the data of Infante et al.
[1976a] to support the suggestion in the epidemiology literature of a positive asso-
ciation between paternal occupational exposure to vinyi chloride and spontansous
abortion. If other cpidemiology reviewers do find the conciusions of Infante et al, to
be credible, then we believe they should ar least offer the reader their answers to
Stallones’ three questions.

Qeary W. Olsen

Jonathan M. Ramlow

Susan Hearn

Epidemiology Department

Health & Environmental Sciences
Dow Chemical Company
Midland, MI 48674,
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LETTER TQ THE EDITOR

Reply to Olsen, Ramlow, and Hearn

Key words: occupational exposure, vinyl chloride, spontaneous abortion, paternal risks

Dr. Olsen and colleagues [1994] share our concerns with the quality of paternal
reports of reproductive events, particularly spontaneous abortion, and cite cvideace
for their fallibility. Reliance on paternal reports constitutes one of the deficiencies in
the study by Infante et al. [1976a], although Olsen et al.’s main concern is with the
pattern of results and their interpretation.

The constellation of results presented by Infante et al. (1976a,b] yield evidence
of a positive association between paternal exposure 10 vinyl chloride and spontaneous
abortion in their wives that should be viewed as tentative for a number of reasons. In
favor of @ causal interpretation is the pattern of similar risk between exposed and
unexposed populations prior to employment. A sizable increase in risk wag seen only
among the wives of exposed men subsequent to employment. A notable reduction in
excess risk among exposed men when restricted to couples that experienced fewer
than three spontaneous abortions [Infante et al., 1976b; Hatch et ai., 1981] diminishes
the support for that agsociation, presuming that repeat spontancous abortions are morc
likely to be due to intrinsic maternal factors than to a persistent adverse effect of
paternal vinyl chloride exposure. In the case of vinyl chloride, animal data such as the
dominant lethal resuits cited by Olsen ot al. [1994] are of limited value in ruling out
human effects [Hatch et al., 1981).

The pattern of age-specific results appears to be most troubling to Olsen et al,
[1994). Infante et al. {1976a] reported an overall increase in risk which appeared to
be concentrated in younger workers, as we noted In our review [Savitz et al., 1994],
In spite of the apparent hetsrogeneity in risk as a function of paternal age, a sutnsmary
measure for the total population remains a useful description of the average effect of
vinyl chioride [Pearce, 1989]. The principal strength of that summary is that it is less
vulnerable to fluctuations due to small numbers, in contrast to the age-specific re-
sults. The pattern prescnted by Stallonces [1987] taken from Infante et al. [1976b] is
clearly quite erratic since it is based on such small numbers.

Conclusions about any of the age-specific risk rasios are thus of limited value,
The study tells us very little about the effect of vinyl chloride on reproductive risks
among 25-29-ycar-old men or any other specific age group, including those for
which no apparent clevation in risk was found. The three questions raised by Stal-

Address ceprint requests (o Dr. David A. Savitz, Department of Epidemiology, CB #7400, University of
Narth Carolina, Chapel HIH, NC 27599.
Accepted for publication Jung 27, 1594,
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lones [1987] concerning why the harm was limited to 25-29-year-olds, why the rate
was higher in exposed 25-29-ycar-olds than in older exposed groups, and why the
rate was lower in the nonexposed 25-29-year-olds than in youmger, nonexposed
groups are, of course, not answerable, The only candidate explanation is a statistical
abermation due to small numbers (Synonymous with **unknown’). Concludlng that
*‘something went wrong’’ more generally in the study ignores the myriad unexplained
sources of variability in small studies, and is neither informative nor testable. In spite
of the ermatic pattern in relation 10 paternal age. neither Stallones (19871 nor Olsen et
al. [1994] have proposed a methodologic bias that might have produced it.

Legitimate concerns with the deficiencies in the study by Infante et al. {1976a)
render the results far from conclusive, yet we noted that there have been no attempts
at replication. A study of the same topic that is {ree from the principal deficiencies of
Infante et al. (1976a], namely reliance on paternal report and limited study size, is the
only way to cvaluate whether *'something went wrong.”'

DAVID A, SAVITZ, PhD

NANCY L. SONNENFELD, MSPH

ANDREW F, OLSHAN, PhD

Carolina Population Center &
Department of Epidemiology

University of North Carolina

Chapel Hill, North Carolina
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Review of Epidemiolagic Studies of Paternal
Occupational Exposure and Spontaneous Abortion

g David A. Savitz, pho, Nancy L. Sonnenfeld, MepH, and
Andrew P, Olshan, shD

. The quesuon of whether paternal exposures influenee risk of spontanecus abortion is of
* great public interest, with the possibility supported by laboratory investigations. Thirty-
" nine smdiex of male occupational exposure and nisk of spontaneous abortion: were
' ¢xamined, with the methods and results tabulated. Many of those reports were limited
by exposure data based on maternal repont of the father's job title or by potentially
' taceurate paternal reports of spontaneous abortion, though the quality of more recent
studies is markedly enhanced. Mercury has been implicated most strongly based on
recent studies that included quantitative exposure estimates: a number of studies show-
ing associations for exposure to anesthetic gases. Suggestive associations have also been
found 1nconsistently for ¢xpusure to [cad. rubber manufactuning, sclected soivents, and
some pesticides. Funher study is encouraged, but with more intensive sffort to measure
accurmtely both spontaneous abortion aad occupational exposures.
‘D 1994 Wilay-Lias, Inc.

Key words: [athers, occupational exposure, mercury, pesticides, solvents, spontancous abordon,
paternal reproduction risk

! INTRODUCTION

Qver the past decade, there has been a growing interest in the potential role of
male occupational exposures in reproductive health. A male contribution to infertility
15 now well accepted, with at least one agent {dibromochioropropane) an established
cause of male infertility [Whorton et al., 1977). The phenomenon of concern in this
review is the possible impact of paternal workplace exposures on the risk of spon-
taneous abortion, Such an association might be mediated by maternal exposure
through contamination of the home environment {Knishkowy and Baker, 1986),
concentration of the agent in semen {Stachel et al., 1989), and passage through sexual
intercourse, or trangmission of the agent directly on the sperm [Yazigi er al., 1991).

Of particular interest here is 2 more direct paternal effect on the fetus. Genet-
ically damaged sperm that remain capable of fertilization might produce 2n impaired
conczptus that is more likely to result in a pregnancy loss. Paternally mediated ab-
normalities in development are the presumed phenomenon underlying such concerns

Deparuncnt of Epidemioiogy, School of Public Health, and Carolina Population Center, University of
North Carolina, Chapel Hill, NC.
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as male exposure to Agent Qrange and birth defects in their offspring (Erickson et al.,
1984], and ionizing radiation and childhood leukemia {Gardner et al,, 1990}, Al-
though there is not yet 3 well-established male exposure proven to influence post-
conception reproductive events n general, or spontaneous abortion in particular,
there are several lines of evidence that strongly suppert the possibility, including the
sizable body of eptdemiologic data reviewed here.

Experimental studies of male laboratory animals (mostly rodents) have clearly
indicated the potential for developmental toxicity following paternal exposure to
ionizing radiation and mutagenic chemicals. These studies have shown that the full
spectrum of developmental endpoints appear to be responsive to paternal exposure,
including gene mutations, chromosomal aberrations, lethality, congenital anomalies,
tumors, neurobehavioral deficits, and growth retardation [Olshan and Faustman,
1993]. In vivo assays used to assess paternal genetic effects include the specific locus
test, dominant skeletal, dominant cataract, and dominant lethal tests, and the heritable
wanslocation test [Russell and Shelby, 1985).

The most relevant t2st to human spontaneous abortion is probably the dominant
lethal test [Green et al,, 1985). A dominant lethal mutation is defined as a genetic
defect occurring in the gamete that permits fertilization but results in embryonic
death, The genetic basis for these deaths is believed to be squctural or numerical
chromosome abnormalivies in the germ cell of the weated male, with death occurring
hefore or after implantation. An EPA-Genetox working group summarized the pub.
lished studies using this assay (Green et al., 1985) and found that, of the 140
chemicals tested, 65 (46%) were determined to be positive. Althongh the dominant
lethai test is not a direct analog of human spontancous abortion, it does demonstrate
that the agent affacts the paternal genetic material. For the sizable fraction of human
spontancous abortions that are due to chromosomal abnormalities (estimated at 40%
by Kline et al. [1989]), the assay is more directly applicable. Litter size reduction in
Jaboratory animal studies is also relevant to human spontaneous abortion. Reduced
litter s1ze has been found following male exposure to ionizing radiation and ethylni-
trosurea [Russell and Hunsicker, 1988: Seiby and Russell, 1985).

Occupational exposures are clearly capable of adversely influencing humap
semen [Wyrobek et al.. 19834.b], yet few studies have attempted to evaluate whether
abnormal semen characteristics are associated with spontaneous abortion. Case-con-
trol studies from the 1960s [Furuhjelm et al.. 1962 Joel, 1966] found that concep-
tions ending in spontaneous abortion were more likely to. be.the product of ‘‘abnor-
mal’* semen than pregnancies that were successful. The semen abnormalities linked
to poor pregrancy outcome were reduced sperm concentration, increased proportion
with abnormal morphology, elevated sperm concentration, and reduced DNA content
of the sperm. Given the era in which these studies were conducted, the lack of
technological sophistication in semen evaluation, 2s well as methodological deficien-
cies concerning confounding, analytic methods, and selection of control groups are
expected. The question of whether agents that influence sperm grossly may adverscly
affect the health of the resulting conceptus remains largely unexamined.

In this review, we will summarize the epidemiologic evidence concerning as-
sociations between paternal exposures and the risk of spontancous abortion. The
methodologic strategies of the past studies will be critically examined to note the key
limitations and to recorumend specific improvements needed to extend knowledge on
this topic. Of particular concern in this research area is the chalienge in accurately
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ascertaining-the occurrence of spontaneous abortion, the validity of exposure assign-
ment based on job title, and the potential for confounding by lifestyle factors of the
mother or father that are correlated with paternal occupation, all discussed in more
detail after the presentation of the results. Finally, given the array of studies to date,
the most promising avenues for further research will be noted.

METHODS OF REVIEW

We attempted to identify all studies in which the fathet’s occupation was ex-
amined in relation o the risk of spontancous abortion in his partner. Litcrature
searches, cross-checking reference lists, and consultation with experts were used to
make this compilation of evidence as complete as possible. In many instances, spon-
taneous abortion was only one among many outcomes considered, or paternal occu-
pational exposures were one among many potenual risk factors considersd, raising
questions about whether our search was completely successfill, Studies that contained
fewer than five exposed cases in all the associations they reported (e.x., Goldsmith
et al., 1984) were excluded from the review. Studies were not excluded on the basis
of qualitarive criteria, byt we attempted to provide sufficient methodologic informa-
tion {or the reader o make independent evaluations of the quality of the evidence.

Information abstracted for this rcview (s presented in nine text tables and an
appendix. with the studies arranged in chronological order within the tables. Table I
presents key methodological data on the studies. ncjuding the source population,
sources of exposure and outcome data. number of spontaneous abortions, and re-
sponse proportion, in order to provide some insight into the potential biases and
limitations of the various studies. The final ¢column in Table I reports the categories
of exposure examined in each swdy, serving as an index to the following seven
tables, which are organized to present rasults for a specific category of exposure.

The source population, delineated as ‘'general population’ or **occupational
cohort'* was noted since, in general, occupational cohorts provide the opportunity for
more refined exposure assessments than studies of the general population, but may be
less generalizable. The number of spontaneous abortions teported in Table [ includes
all observations of spontaneous abortion used in any relevant analysis within the
paper, even though the number of spontaneous abortions included in any specific
analysis was often smaller. The response proportion noted in Table I is that reported
by the original author for the total study population, including both the exposed and
unexposed. In a number of studies, the reported cesponse proportion provides a rather
favorable assessment of the representativeness of the sample population, since indi-
viduals who were excluded because of migration or incomplete records were omitted
from the denominator. The response proportion typically repons only the proportion
who had complete data in records or agreed to the interview, and does not taks into
account unusable data or missing values on specific items of interest.

Tables 1I-VIII present the results from the studies that were reviewed, divided
into seven broad categories of exposure: metals, solvents, anesthetic gases, pesti-
cides, physical agents. hydrocarbons and automobile exhaust, and miscellaneous
wnidustries, occupations. and agents. The heterogeneity within some of these catego-
nes should be noted, with solvents including a vanety of exposures in the plastics and
rubber industry, and pesticides broadened to include sterilizing agents and wood
preservatives. The results tables include the ¢xposed group used in each analysis and
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TABLE 1. Repors on Paternsl Occupstional Exposute and Spontancons Abortion: Stedy
Designs and Methods

Rafcreess

Sourte populaiion

Stmri of
opriwe HE

Sturvay of
NKAmE ARl

Nurnber of

Conen o1 ol {1974}
Bous & al. {1973]
Cohen & al. (19751
Kniik-Jones ¢ al. [1975)
Infsrse & ml, |397%)
sanoukil [ 1976}
Rosenberg amd Yanueen
(1978
Tomim | 17179
Cotwd & ), [19%0
Kharran al al. (1990(

Carmell &t o). {1981}

Lauwnryy & at. [141)

Betkman & Nerdsirum
(1982}

Hamilt & al, (1992)

Klwe w2 o, [1983)

Sroith w ud, (1987]

Townwnd «t 4. | 1982}
Can et u, {19020

Hemming at al. 11980]
Norasmom « af. {19631

Lindbohm it ol {1984)

Margan of o, (1934)

Roan wf st |1984)

Savine ¢t ol 1984

Suskind & Herteberg
1544)

Brosteky & dh {1942
Oanall & Vaughan §1984)
Sieliman of o | 198%]

CLC (1589)
Alerer et 2) 11919

Atghangrau & Munson
119k3)
McDongid s 4], {1949]
Tashaney of &1 (1989]
Guirgws 1 of. ({9901
Reswpo = al. {1990]
Cordiat a2, [1991)
Lisdbohum ¢ 2. |1991a)
Lundbalun ot &, {19916}
Rupm ot al, |1991)
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Ucenp ] bbb
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Crowpmirpnal coboct
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Occupsinnal cobert

loce monsonng
faigraal report

Paternal mopon
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Oceupational tihernt

Occupational suhon

Puu_‘llunﬂ
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Work location
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fulagical moarerng

Medical reennd
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Maigroal rtpon

Solvem regure
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Karyotype
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Workplane maniworme
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Cansus reeordy
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1]
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)]

a3

"

NA ]
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H Sk

NA

"™ = metaly, § = solvents: A =

*Excludes lostas because of mortality.

anesthetic gases: P 9 pesicides: Pa = physical ageats; H =
hydrocarbons and automobile exhaust: Ms = miscellaneous indusirics. occupations, and agents,

“Karyotypically abnormal case-control.
‘NA = pot available,
4Cited in Sterling and Arundel [1986),
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an estimate of the risk ratio with 95% confidence interval (CI) contrasting exposed to
unexposed men. The desired 95% ClIs were often not provided and had to be derived
from the data using test-based methods [Rothman, 1986 for risk ratios or odds ratios
as required [Alcser et al., 1989; Beckman arid Nordstrom, 1982; Boue et al., 1975;
Brodsky et al., 1985; Cohen et al,, 1974, 1975; Hamill et al., 1982; Hemminki et al.,
1983; Infante et al., 1976; Kharrazi et al., 1980: Knill-Jones et al., 1975; Lauwerys
etal., 1981; Morgan et al,, 1984; Nordsuom et al., 1983; Rosenberg and.Vanttinen,
1978; Roan et al., 1984; Rupa ct al., 1991; Savitz et al., 1984; Smith et al., 1982;
Steriing and Arundel, 1986; Suskind and Hertzberg, 1984].

Exposure classification was often based on a combination of job title or em-
ployment setting and an inference regarding the specific agents of interest. The
author’s terminology and intentions were retained in describing the exposures. When
a broad array of exposures were analyzed, only exposures for which there were five
or more expased. cases were tabulated.. Papers frequently inciuded multiple analyses
of closely related groups. To restrict the size of the tables and to retain clarity, it was
necessary to present these results selectively, When muitiple unexposed groups were
analyzed and all comparisons produced similar results, results were presented for the
largest unexposed group or the one thought least likely to introduce bias. When
multiple unexposed groups produced different results and none was clearly superior
to the others, all analyses were tabulated. Adjusted results wers provided when
confounding was present and the adjusted results were available. Indications of effect
modification by age or other factors were not routinely included in the results tables
but are discussed in the text where relevant.

The Appendix table presents additional information on study location, study
type, confounders addressed, definition of cases, and baseline risk of spontaneous
abortion. The potential confounders listed for a given study include all confounders
addressed in any exposure examined within that study but not all results provided
statistical adjustments for the entire list of factors. Footnotes are used in the results
tables to indicate potentially imponant discrepancies between the confounders listed
for a given study and the confounders addressed for a given exposure. Included
among the confounders addressed are those risk factors which the authors claimed to
have accounted for, sometimes based on inappropriate methods such as statistical
testung of differences between study groups or relying only on an impression that the
groups were not notably different. The baseline risk of spontaneous abortion was
computed for the unexposed when possible, but in some studies only the overall rate
of spontaneous abortion aniong exposed plus unexposed was available.

RESULTS OF REVIEW

As summarized in Table I, 39 studies published over the Jast 18 ycars have
provided data to evaluate the potential link between paternal occupation and spon-
taneous abortion. Only 8 appeared in the 1970s, with notable growth to the present
and 4 appearing in 1991 alone. The attributes of those studies vary markedly and are
noted as relavant in discussing the agents which they address. Most studies have
relied on maternal or paternal self-repon for both exposure and pregnancy outcome
data. Study sizes vary markedly, from around 20 to nearly 10,000 spontaneous
abortions. Response proportions range from under 50% to around 90%, with an
obvious potential for influencing the study's validity.
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TABLE I1. Results of Studies of Paternal Expusures to Heavy Metals and Spontanscus Abortion
Reference ' Agent, industry. or ocgupation RR 93% CI

Beckman & Nordstrom [1982) Copper smelter (lead. arsenic. mercury. 1.5 0.9=2.3
cadrmium)

Kline et al. [1982] Metals 0.5* 0.2=1,]
10° 0.4=2.2

Hemminki ¢t al. {1983) Metallurgical industry (zing. cobaly) 1.1 0.8-1.5
Metal industry a7 0.4-1.5

Lindbohm ct al. {1984) Metals manufacruring 0.9 0.8-1.0
Metal-plate and construction sieel 1.4 1.0-1.9

Brodsky et al, (1985) Dentistry (marcury) 0.9 0.7=1.1

Aleser ot ol. (1989} Urinary mercury levels 2.000-3.999 1.1 0.6~1.6
ry/i
Utinary mercury jevels 4,000-9.000
wg/l
McDonald er al, [1989] Ore, metal, stone processing
Meual machining
Mem) fabricaling

Cordier et al. [1991) Urinary mercury lavels 1=19 ug/l
Urinary mercury levels 2049 pg/l
Unnary mercury levels =49 ug/l
Lindbohm et al. [1991a) Lead
Nickel and nickel oxides
Chromium/chromium tempounds
Merals
Wire & pipe drawers
Lindbohm et 1], {1991b) Blood isad lavels [.0~1.4 wmol/l
Blood lead leveis |.5=1.8 pmoli
Blood lead ievels > § umol/i
Bload lead levels 1.0-1 4 umol during
$PEIMAtogenYin
Blood lead levely > 1.4 pmol/l durng . 1.2-12.0
SpCImMOpenesy
Cadmium . 0.6-3.4
Chromium . 0.5-1.6
Nickel . 0.6-1.9
Zine . 0.8-5.5
Copper . 1.1=7.0

*Public clinic patients. normal karyotype.
®Public clinic patients, abnormal karyotype.

-—
~r

1,1-2.5

0.9-1.5
0.9=1.2
0.7-1.2

1.0-1.7
1.0-3.0
1.0=-3.2
0.8-1.0
0.9-1.1
0.8-1.1
0.8=1.1
0.5-3.1
0.6=1.7
0.5-3.4
0.6~4.0
0.3-1.9

= R k= s il ~ R
Nowo NODOW WL vab

Exposure to Heavy Metals

Occupational agents a3 potential causes of spontaneous abortion have been
examined in a number of mostly recent studies (Table 1). Ten studies-contain infor-
mation that address paternal exposure to lead, mercury, and other metals in relation
to spontaneous abortion (Table I and 1I). Many are comrnunity-based surveys, with
exposure defined by inferences based on cmployment sector or job title rather than
direct measurement. However, four sudies focused directly on cohorts exposed to the
metals of interest, namely, lead (Lindbohm et al., 1991b] and mercury [Brodsky ct
al., 1985; Alcser et al., 1989; Cordier et al., 1991]. With these exceptions, the
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magnitude of metal exposure is not known and may not even be present for some of
the “‘exposed’” groups (e.g., work in the ‘‘metal industry™’). Also, many of these
exposure sources (e.g., copper smeiter) contain a range of potentially hazardous
agents, in addition (o metals.

A number of studies provide evidence of positive associations, including
smelter workers (RR = 1.5) {Beckman and Nordstrom, 1982), metal-plate and steel
. indusy workers (RR = 1.4) [Lindbohm et al., 1984), men with elevated estimated
z lead expasure (RRs = (.0, 1.3, and 1.6 for low, moderate, and high levels, respec-

tively), zinc exposure (RR = 2.2), and copper exposure (RR = 2.8) (Lindbohm et
al., 1991b]. Most notable is the association for high measured mercury exposure
(RR = 1.7) [Alcser et al., 1989)] and estimated mercury exposure (RRs = 1.3, 1,7,
and 2.1 for low, moderate, and high levels, respectively) [Cordier et al., 1991] (Table
II). Unique among the swdies was Lindbohm et al.’s [1991b] evaluation of lead
exposures around the time of spermatogenesis, which yielded a markedly elevated but
imprecise risk ratio,

Contradictory null resuits or even inverse associations are also present in Table
I, including the absence of an increased risk for dentists peeparing mereury amal-
gams [Brodsky et al., 1985] and workars with job titles thought 1o indicate exposure
to lead (Lindbohm et al., 1991a]. However. the most methodologically sophisticated
11 terms of exposure assessment [Alcseret al.. 1989: Lindbohm et al., 1991b: Cordier
et al., 1991] provide strong suggestions of a link between exposure to heavy metals,
especially mercury, und spontaneous abortion.

: Exposure to Rubber, Plastics, and Solvents

The array of agents under this rubne 15 quite broad, with a number of studies
related to rubber, plastics, and related industries, as well as specific solvents and
other agents often encountered in those work sertings (Table III). In addidon to the
community studies that contribute results on a wide range of exposures [Lindbohm et
al., 1984; McDonaid et al., 1980; Lindbohin et al.. 1991a], a number of smdies have
targeted particular exposures in this category, most notably vinyl chloride [Infante et
al., 1976}, toluene diamine and dinitrotolucne [Hamill et al., 1982}, several specifle
solvents such as toluene and trichloroethylene (Taskinen et al., 1989), and perchlo-
: roethylene [Eskenazi et al., 1991). Regardless of the results, the effort to design
studies capable of implicatng or exonerating specific agents ts commendable.

The initial study of Infante et al. {1976] provided the first suggestsd link
between males’ occupational chemical exposures and reproductive outcome. An
overall elevation in risk of spontaneous abortion was found among spouses of men
working with vinyl chlgride (RR = 1.8). pronounced among younger (but not older)
fathers (RR = 3.7) (Table IIT). Maternal age was not ascertained so that it could be
examined oniy indirectly through the closely correlated father’s age.

Sanotskii {1976] reported a strong association of spontaneous abortion with
chlatoprene exposure, but insufficient methodological details are available to eriti-
cally evaluate that observation, Risk ratios of 1,5 or greater were reported for organic
solvents in general (RR = 2.3), toluene (RR = 1.5), and xylene (RR = 1.8) by
Taskinen et al. {1989], in a study with unusual precision in exposure classification to
| specific solvents in specific industrial settings, Lindbohm et al.’s [1991a] survey
‘ found sizable associations with gasoline or benzene exposure in petroleur refineries
(RR = 2.2), trichlorosthane and methylene chloride (RR = 1.9) in rubber mang-
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TABLEIILMHHSWMPMWMRnbm.m,wwm l
Spontanecws Abortion
Reference Agent, indusiry., or GCCUpaUON RR 93% C1 |
Infante et al. (1976 Vinyl chloride, polyvinyl ehloride 18 10-3 ‘
Sanotskii {1976] Chioroprene und manufacuring >3.0 NA®
Hamill et al. [1982) Toluene diamine, dinitrotojuene 1.0 U.6~-1.8
Lindbohm et al, [1984) Solvents 09 0.7l !
Savia et al. {1984} Halogenated hydrocarbons 1.2 0.8-18 i
Danicll & Vaughan [1988]  Autobody workers 1.0 08«12 '
Painters in maintenance, Consiruction 0.9 0.8-1.1 i
Fiberglass, bathtub, boa. plastics workers 0.9 0.7-1.2
Printers, pressmer, lithographers (1 0.5-1.3
MeDonald st al. [1989) Laundry/dry cleaning 0.9 0.6~1.5
Rubber, plastic fabncating 1.0 0.8-15
Printing operations 0.9 0.8-1.2
Taskinen et al. [1989) Organic solvents 2.3 1.1-5.0 ‘
Aromatic hydrocarbons 1.6 1.0=2.4 :
Styrene 1.3 0.8=2.1 .
Toluene 1.5 0.9-2.5 i
Xylene 1.8 1.1-3.2
Halogenated hydrocarbons 1.1 0.6-1.8
Trichloroethylene 1.0 0.6-2.0
1.1.1-Tnchioroethane 0.9 0.3=2.3 3
Aliphatic hydrocarbons 1.5 0.9-2.5
Acatone 10 0.6-1.7 i
) Misgeliancous solvents 1.7 1.1-2.6 '
{.indbohm et al. [1991a] Petroleum refinery solvents (gasoline, benzenc) 2z {.3=3.8 ’
Benzene 1.0 0.7-13
Trichiocoathylenc 0.9 0.3=2.1
Rubber manutactunng solvents 1.9 1.2-2.8 i
{rchloroethylene, methylene chioride) {
Rubber chemicals 1.3 1.1=-2.2
Styrene 0.9 0.5=i.8
Plastic manulacwunng solvenis (styrene) 1.0 0.7-1.3
Plastic monomers 0.8 J.4-1.4
Rubber product workzars 1.5 1.1-2.2
Lindbohm et al. (1991b] Organic solvent exposyre i.1 07-15

*Posiemployment risk for cxposed vs, uneaposed.
®Nor available.

facturing, and trichlovoethane in general (RR = 1.5). It is difficult o juxtapose
results given the diversity of agents of interest, but there are replicated positive
associations present for rubber workers, and to a lesser extent for petroleum refinery
products and individual solvents. No attempts to replicate the observadons for vinyl
¢hioride [Infante et al., 1976], chloroprene [Sanotskii, 1976], andspecific solvents
impHeated by Taskinen et al. [1989} have been reported.

Many of the negative studies are limited in their ability to exonerate any ex-
posures given the weak methods of exposure classification combined with poor re-
sponse proportions {Savitz et al., 1984) or questionably high rates of spontaneous
abortion [Daniell and Vaughan, 1988], However, some of-the-negative results are
more credible. Hamill et al.’s {1982) study was small but inciuded a srong effort o

Wﬂw«%___
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TABLE 1V. Results in Studies of Paternal Expasure to Anesthetie Gases and
Spontaneous Abortion

Refersnce Agent, industry, ar occupation 95% CI

Cohen et al. [1974] Anesthesiologists . 0.8~1.1
Anesthetic nurivt . 0.5-2.6
Operation room lechnicians . 0.8-41

Cohen ¢t al, {1973] Dentists working wuh anestheucs >3 hrjiweek . 1.4-2.2
Knill-Jones et al. [1975] Physicians working in operating room 0.1-1.7
Rosenberg & Vanuinen (1978]  Anesthesiologisis . 0.5-1.4

Tornlin [1979) Anesthesiologists working in operating room 20 0.9-3.0
or more hours per week

Cohen et al. {1980] Denusts working with anesthesia 1-8 hr/week . 1.0-1.4
Denusts working with anesthegia 8+ hr/wesk 1. 1.3=1.¢

Lauwerys et al. [1981) Physicians, nurses working in OR .1 0.7-1.8
Guirguis et al. [1990) Physicians. nurses. other staff in OR . 1.7-3.1

OR = operating room.
‘Father exposed burt mother not exposed.

accurately classify workplace cxposure. McDonald et al.’s (1989] swdy did not
identify associations for laundry:dry cleuning or rubber workers, and a number of
solvents, including benzene and carbon disullide. were not associated with sponta-
neous abortion in Lindbohm et al.’s (1991a] study. The most promising leads to
pursue would be exposures in the rubber indusiry and exposures to vinyl chloride and
specific solvents associated with spontaneous abortion (Table II).

Exposure to Anesthetic Gasas

Given the observation that maternal exposure to anesthetic gases could increase
the risk of spontaneous abortion [Tannenbaum and Goldberg, 1985], a number of
studies in the 1970s addressed the possibility that paternal exposure to anesthetic
gases could produce s similar effect (Table 1V). Al but one of the cight studies of thig
1ssue were published between 1974 and 1981, and all were based on surveys of male
health professionals, generally dentists or physicians. All were questionnaire surveys
of self-reported exposure and pregnancy outcome, yet the reported risk of spontane-
ous abortion vaned rather markedly from 5.1% [Guirguis et al.. 1990] t0 13.2%
(Rosenberg and Vanttinen, 1978} in spite of the similar methods (Appendix table).
Such variation may be due to trye heterogencity in the populations, selection bias due
t0 NONresponse palterns. or eroneous reporting. Response proportions did. in fact,
vary quite markedly (41-92.4%), but there was not an obvious association between
response proportion and reported risk of spontaneous abortion. The comparablity of
exposed and unexposed groups is unusually favorable, in that subgroups of poten-
ually exposed health professionals (physicians. dentists, or technicians) were com-
pared to other (presumably socivlogically similar) subgroups from the same profes-
sion who were not likely 1o be exposed.

Most of these studies have found increased risks for the partners of anesthetic-
exposed men (Table [V). Risk ratios of 1.5 or greater have been reported for operating
room technicians (RR = 1.8) [Cohen ¢t al.. 1974], dentists working with anesthesia
aver 3 hours per week (RR = 1.8) (Cohen et al., 1975], anesthesiologists working
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with anesthetics ® or more hours per week (RR = |.5) [Coben et al., 1980], and

hospital workers cxposed o the opérating room (RR = 2.3) [Guirguis et al., 19901, :
Other swdies of physicians in particular. including those with briefer exposure peri- j
ods. have not found increased risk [Knill-Jones et al., 1975; Rosenberg and Vantti- ‘
nen, 1978). The suggestive evidence for dentists is noteworthy, although the domi-

nance of the literature by a single group of investigators (with a particular approach

to study methods, questionnaire design, etc.) diminishes the value of the independent

replications. The traditionally intensive and uncontrolled use of anesthetics, espe-

cially nitrous oxide, in dental practice {Cohen et al., 1980] warrants further exami-

natien.

half-time or more in the operating room (RR = 1.6) [Tomlin, 1979], dentists working ‘

Exposure to Pesticides and Related Products l

Fifteen studies have provided data to assess risks of spontaneous abortion from
male exposure to pesticides, antimicrobials and related products encountered in chem-
jcal manufacturing, agricultural application, and from herbicide use in the war in
Vietnam (Tables I and V). The diversity of agents and exposure settings is apparent. ,

Nearly all studies established exposure through paternal report, sometimes sup- ‘
plemented by company records [Smith et al., 1982; Townsend et al,, 1982; Suskind
and Hertzberg, 1984] or military records [Stellman et al,, 1988; Aschengrau and
Monson, 1989). Overall, substantial attention was given 1o specific exposures
these studies, with rost studies explicitly designed to address the agent(s) of interest,

However, the degree of success 1n pinpointing actual exposures to Agent Orange, for
example, or pesticides in agricultural applications is still quite limited.

Reproductive outcomes were typically ascertained through maternal or paternal
1epofT, 1n reviewing the methodalogical detas (Table | and Appendix table), notable
outliers are the baseline risk of spontaneous abortion of 1.9% in Restrepo et al.’s
(1990] study and the response of only 26% in the survey of Roan et al, [1984],
seriously diminishing the credibility of their results. Usually, but not always, major
potential confounders such as maternal age and cigarctie smoking were addressed.

Even without the clearly invalid result of Reswepo et al. [1990), a iwofold range in
spontaneous abortion risks (5.8~11.99) was observed across studies.

Results of pesticide studies were mixed (Table V), but again it is difficult 10
define which results address ruly analogous exposures. DBCP exposure was found 10
increase spontaneous abortion risk in one study (RR = 3.0) [Kimrrazi ¢t al., 1980]. i
The resuits for 2,4-D, 2.4,5-T, dioxin, and Agent Orange show sporadic increases in
risk, for example, among forestry workers (RR = [.6) [Carmelli et al., 1981] and men
potentially exposed to herbicides in Vietnam based on self-perception [CDC, 1988]
or imputed potential exposure [Stellman et al., 1988]. Other studies of related expo-
sures, equal or superlor in quality, found no increased risk [Smith et al., 1982; ¥
Townsend et al. . 1982; Suskind and Hertzberg, 1984; Aschengrau and Monson, 1989], H

Rupa et al. [1991] found an increased nsk of spontanecus aborticn in the wives
of male cotton workers in India, Although the study lacked some methodological
details, the agents and exposure conditions may be worthy of closer examination, The
notable associations reported by Restrepo et al. [1990] are greatly tempered by the
anomalous spemtaneous abortion risk of 1.9%, which suggestt serious etror in re-
porting accuracy or completencss, and the report of marked ¢levarions in risk, even
for jobs thought to-involve po exposure to pesticides. Similarly, Roan ¢t al.’s [1984]

o e ais <o
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TABLE V. Results im Studiss of Paternal Exposure to Pesticides, Anti-Microbials, sod Related
Products and Spontaneous Abortion

Reference Agent. industry, or octupation RR 95% C1

Kharrazi et af. {1980] Dibromochioropropane (DBCP) 3.0 1.3-7.0
Carmelli et al. {1981] 2.4-dichlorophenoxyacene acid (2.4-D)
Farmuing 1.0 0.5-2.0
Foresiry/commercial applicators 1.6 0.8-3.1
Smuth et al. {1982) 2,4 5«trichlorophenoxyacetic acid (2.4,5:T) 0.6-1.3
Townsend ct al, [1982) 2,3,7 8-tetrachlorodibenzo-p.dioxin (TCDD) 0.7-1.4
Any dioxin 0.8-] .4
Cap et al. {1983} Agent Qrange . 1.2-1.2
Goldsmith et al. [1984] DBCP . 0.3-4.0
Roan ¢t al, [1984) Agricultural pesticides . 1.0-2.1
Suskind & Heruberg: [1984) 2.4.5-T amd dioxins A 0.6-t.2
CDC {19%9) Herbicides (any perceived exposure) 1.2-1.4
Low 1. 10-1.4
Maoderae . 1.2-1.6
High 1.3-2.1
Steltman et al, [1988] Agent Orange
Handled herhigides . 0.8-2.9
Low éxposune . 1.0-1.6
Madersie vyposure . 14-2.0
High expoture . 1,3-23
Aschenpran & Monson [1989) Service n Victnam . 0.4=1.9
MeDonaid ¢t al. {1989] Agnculture/horucuiture . 0.8~1.4
Restrepo et al. (1990] floncultural industry
No pesticide job 2.4 1.1-5.0
Low pesticide job 1.6 0.7-3.7
Moderats pesticide job 2.0 1.2-3,3
High pesticide job 01 0.4-53
Lindbohm et al. ({9913} Ethylene oxide 4,7 1.2~18.4
Impregnants' of wood L9 07-5.0
Formaidchyde (low ¢xposure) 1.1 0.9-1.4
Formaldehyde (high exposurs) 1.0 0.8-1.4
Rupa et al. {1991] . Pesticides used in cotton production ., ., .. 1.7 ._.1.6-1.9

“Not adjusted despiter differences berween exposed and uriexposed in agé, educativn. and duration of
smoking.

report of a 1.5-fold increased risk for agricultural pilots is diminished: in its impor-
tance by the poor response proportion, Among the diverse results that were reponied,
the observations most deserving of awempted replication (given study quality and
biologic plausibility) are the increased risk for DBCP [Kharrazi et al.. 1980], the
association of spontanecus abortion with corton pesticides (RR = 1.7) [Rupa et al.,
1991], and the 150lated observation of an increased risk from ethylene oxide (RR =
4,71 {Lindbohm et al., 1991af.

Exposure to Physical Agents

Of the six studies providing data on male exposure to physical agents (ionizing
and non-ionizing radiation, heat), only one {Nordstrom et al., 1983] was focused on
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TABLE VI, Results fn Studiex of Paternal Exposure to Physical Agents and
Spuntaneous Abortion

Reference Agent, industry, or occupanon

Boue e al. [1975] lowizing radisuon
Kline 4 al. (1982] Electrical
Heut
Nonionizing radiation
Nordstrom ¢; al. [1983) Electromagnetic fielda
Qther jobs (lowest valtaoe)
Switchyard/line construction (moderae)
Switchiyard workers (high volage)
McDanald et &l. [1989) loszing radistion
Lindbohm et al, (1991a] Radon exposure

Lindbohm et al. [1991b] X-rays

*Public patients, normal karyotype.
“Range of nsk ratios across normalabnormal karyotype. public/private glinic.

this particular topic, so that the quality of exposure assessent was generally limited
(Table VI). Suggestive associations were found for jonizing radiation in two studies
(Boue et al., 1975; Lindbohm er al., 1991b], with modestly elevated nisk ratios of
1.3-1.5. Nonionizing radiation, a ubiquitous but pootly defined exposure, was found
by Kline et al. (1982] to be associated with spontaneous abortions of both normal and
abnormal karyotype but only among private patients. Nordstrom et al. {1983) did not
find power-frequency electromagnetic ficlds to be associated with increased risk,
Given clear evidence that ionizing radiation causes mutations [BEIR, 1990) and that
heat can impair sperm function |Levine et al., 1990]. this avenue appears 10 be
worthy of pursuit in spite of the results cumently available. The only data on heat
exposure provided a suggestively positive resuli [Kline et al., 1982)

Exposure to Hydrocarbons and Exhaust

Several studies provided data on miscellaneous hydrocarbon and motor vehicle
exhaust exposures, all a5 components of broader surveys (Table VII). Nonetheless,
perhaps becayse of the literamure linking such agents to childhood cancer in the
offspring [Savitz and Chen, 1990), several investigators had considerable interest in
these exposures [Kline ct al., 1982; Lindbohim et al., 1984; Lindbohm et al., 19913).
These studies address diverse exposures that are highly prevalent, such that a number
of studies provide evidence of small but statistically precise elevations in risk (Lind-
bohm et al., 1984; McDonald et al., 1989].

Consideration of the magnitude of increase found across studies yields rather
consistently close to the null. Only the risk ratios of 1.4 and 1.5 found for chimney
sweeps and refinery workers, respectively [Lindbohm et al., 1991a], would constimte
positive results worthy of replication. However, the presence of known mutagenic
agents within these exposure groups provides a greater impetus for further study than
can be derived from these results.

Exposure to Miscellansous Industries, Occupations, and Agents

In addition to the results that fail into the above calegories, many repored
associations did not fall into any of the specific catepories. For example, one prom-
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TABLE VIL. Results in Studies of Paternad Exposure to Exhaust and Hydrocarbons and
Spontanecis Abortion

Reference Agent. industry, or occupation RR 95% CI
Kline <t al. [1982] Auto fumes (nafraw) 1.2* 0.8=1.7
Auto fumes (narrow) 1.3 0437
Auio fumes (narrow) 1.0° 0.6~1.5
Hydrocarbons (nutow) 1.2* 0.7-2.3
Hydrocarbons (narrow) 1.2¢ 0.6=2.6
Lindbohm ¢t al, [1984) Polycyclic aromaie hydrocarbons 1.0 0.9-1.1
Automobile exhaust and fumes 1.0 0.9=1.1
Service station atcndants 1.2 1.0-1.6
McDonald et al. {1989 Mechanics and repairers 1.1 1,0-1.2
Transport operations/mateqials handling 1.0 Q.9-1.1
Lindbohm et al. [1991a] Polycyclic aromatic hydrocarbons (medemte/high) 1.0 0.9-1.2
Polyeyclic aromatic hydrocarbons (low) 1.0 0.9-1.0
Gasoline 0.9 0.3=1.1
Chimney sweeps 1.5 0.9-2.4
Refinery workers 1.4 0.8-2.5
Lindbohm et 4l (1991h] Cacbon manoxule 11 0.8-1.7

“Normal karyatype, public clinic patients.
"Nonual karyotype. private clinic patiets.
‘abnamal karyotypes, public clime patienis.

inent study {Morgan et al,, 1984) addressed wastewater treatment plant workers who
are not eastly classified elsewhere (Table VIID.

Notably elevated risk ratios (2.0 or greater) have been found for ¢hemical
crushers (RR = 2.2), cloth sewers (RR =~ 2.5), carctakers of fur-bearing animals
{RR = 2.3) [Lindbohm et al., 1984}, all wasiewater trcatment plant workers (RR =
2.1). and mechanical, instrument, and elecuical workers in the wastewater tfeatment
plant (RR = 4.9) [Morgan et al., 1984). Associations between 1.5 and 2.0 have been
reported for leather industry workers (RR = 1.8) (Hemminki et al,, 1983) and for
watchmakers (RR = 1.5) [Lindbohm et al.. [991a],

A number of specific agents that could plausibly be linked to spontaneous
abortion (e.g.. inutagens, miscellaneous industrial chemicals) were queried or im-
puted by investigators in a number of studies but did not yield any notably positive
associations (Table VIII). None of the reported risk ratios reached 1.5. providing litte
basis for directing future study efforts. The explicit goal of studies such as these Is to
suggest agents mare worthy of detailed examination. and leads from the above results
are rather nonspecific in their suggestions for further study of hazardous chemicals in
industry and health care,

DISCUSSION
Summary of Results

The litcrature providing duata to ¢valuate possible associations between paternal
occupational exposures and spontaneous abortion is large but, at Jeast until recentdy,
not of high quality. Most studies ¢éxamining the issue did so without having focused
on this particular topic, with limited etfort to measure exposure or outcome or both

CMA 119004




'96  @4:43PM ADMIN 18@3 BLDG SL7 636 1875 P.19-28

374 Savitz ot al.

TABLE VIiX. Reswits in Sindies of Miscellarmons Paternal Exposures/Occupations and
Spontaneoud Abortion

Reference Agant, iduatey, or secupation

Kline ¢1 al. [1932] Chemicaly
Food

Hemminki e al (19831 Chemisal indusiry
Textile indusiry
Leuther injustry

Lndbobm et al. [1984) Chemicad crushers
Cloth sewers
Carewkers of (ur-bearing animals
Tentile dust
Animal microorgunisms
Orher chemicats

Morgan el ul, 1984 Wasie waler treaument plam workery
All job ritles
Process operators
Mechanical, instrument, ¢lecmeal

McDonald et al. 11989 Physical scienu
Physicians/dentisis
Technicianwart
Chemicsl processiag
Food, beverape. woud, (Extilgs
Wood. sione machining
Electrica) fabricating
Weod, lextile, leather iabneating
Consuruction trades
Stationary cquipment/miscellancous manufactusiag
Tuskinen et o), [1989] CarGinugens
Diusls
Lingburm st W, 19914 Witshmakers
Textile machine seners operaie
Tengile fimshers and dryges
Mutagens (high exposure
Mu(d‘ﬂaﬂh How '-'ipt"-ur\'l

“Range of nsk rauos across normal/abnonnal karyotype, public/private elinic.

in the detail that would be desired. Nonetheiess, some suggestions emerge from the
literature regarding specific agents that are worthy of further evaluation. Given the
imprecision in exposure assessment which plagues most of this literature, the ability
of negative studies to persuasively exonsrate agents is quite limited.

A summary of the evidence for several agents of particular interest is provided
in Table IX. The recent studies suggesting positive associations of occupational
exposure to metals (mercury and lead) to spontancous abortion [Alcser et al., 1989;
Lindbohm et al., 1991b; Cordier et al., 1991] are of potential importance, especially
given the evidence that lead [Lancranjan et al., 19757 and mercury [Lee and Dixen,
1975] may be distuptive to spermatogenesis, Although these agents are not thought
to be mutagenic. developmental alterations through other processes such as epigenetic
mechanisms may be involved. Mearcury, in particular, has been found to be associated
with increased risk in two high-quality studies. ,

Solvents would be among the agents of greatest interest based on their wide-
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TABLE IX. Summary of Strength of Evidence Linking Selected Paternal

Exposures 10 Spontaneows Abortion

Elcvated RR Evidencs from
Agent in >1 Study RR>1.5 high quality studies  Qverall
Lzad No Yes Yes Moderaze
Mercury Yes Yes Yes Suung
Salvenua Yes Yes Mixed Modaraie
Anesthetic guws ~ Yes Yes Mixed Strany
Pesticides Yes Yes No Weak
Phenoxy herbicides  Yes Yex No Weak
lonizing radiaion  No No No Very weak
Hydrocarbons No No No VYery weak

spread use and potential for mutagenicity, and there are sporadic indicatons of
increased risk associated with such exposures in the rubber and petrochemical indus-
tries. However, there has been little or no replication of the positive associations
ceported by Infante et al, [1976] for vinyl chloride. Sanotskii [1976) for chioroprene,
or Taskinen et al. [1989] for a number of different solvents used in specific industrial
settings. Known adverse effects of these agents have resulted in reductions in expo-
sure, so that replication is not feasible,

Anesthetic gases have long been of interest as rcproducuve hazards given the
link between exposure during pregnancy and risk of spontaneous abortion {Tannen-
baum and Goldberg, 1985). Studies of dentists and other health care workers con-
sistently suggest an association between male exposure and spontaneous abortion, but
these are all based on mail surveys and many are from the same investigators.
Refinements in exposure and outcome assessment arg needed in future studies, but the
reduction in anesthetic gas exposures in most settings may limit the informativeness
of such effors.

Pesticides, especially Agent Orange, have been the focus of much effort but there
are at most sporadic indications of positive associations, The diversity of agents and
exposure circumstances that have been studied makes it particularly difficult to identify
comparable studies, but thete are few observations suggestive of an adverse effect of
"":::':'.:! ;:C:::.:: SRpSINT. Ualtss some mans of uvm\uulluug e Tunnidrbie cii-
lenges of éxposure assessment can be idendified (s.g, biological monitoring), addi-
tional simplistic efforts hold lictle promise. Exposure to Agent Orange, in particular,
has been difficult to evaluate {Boyle et al,, 1989; Lilienfcld and Gailo, 1989],

lonizing radiation and hydrocarbons have produced limited support for an as.
sociation with spontaneous abortion. However, the thearetical basis for interest in these
mghly mutagenic agents to which many people are exposed is strong enough to warrant
fucther study, in spite of the limited epidemiologic support. lonizing radiation, in
parucular, may be amenable to studies that take advantage of the unique individual
monitoning programs of large numbers of warkers in place at many industries.

Methodological issues

The difficulties in conducting sudies of paternal exposure and spontaneous
abortion are substantial, including the challenge of isolating a paternal exposure from
maternal influences, determining whether an association reflects indirect exposure to
the mother rather than a direct sperm-mediated process, heterogeneity in the causes
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of spontancous abortion, and the difficulcy of accurately measuring the occurrence of
spontaneous abortion.

Assessment of spontaneos abortion, regardless of the exposure of interest, is
challenging. Reports of clinically recognized spontaneous abortions are known to
incompletely reflect the total number of conceptions that are lost [Wilcox et al.,
1988). Although valid results may still be obtained for the category of ‘‘clinically
recognized spontaneous abortions, " at the early gestational ages at which recognition
is ambiguous the reporung may be both incomplete (Wilcox and Horney, 1984] and
biased in relation 1o exposure staws. The limited public perception of a paternal role
in the etiology of spontancous abortion makes differential reporting by eaposure
status somewhat less likelv than for such highly publicized maternal exposures as
anesthetic gases or use of video display terminals.

Males are known to be particularly unreliable informants regarding reproductive
history [Selevan, 1985]. Regarding spontaneous abortions, it is not only more likely
that men would forget their wife's experience but even possible that they would be
unaware that an early spontaneous abortion had occurred at all. Studies should rou-
tinely seek reproductive ouicome information from the woman, whenever possible,
contanding with the logistical difficulties that can arise in locating and interviewing
spouses no longer living with the male worker of interest. Research in which both the
maie (for exposure information} and ferale (for reproductive outcome information)
are interviewed is needed in spite of the additional costs.

Perhaps the most critical fssue with regard to identification and classification of
spontancous abortions is the heterogeneity in the causes of spontaneous abortion,
Isolation of the subset of all spontaneous abortions that are plausibly attributable to
the paternai genome would markedly strengthen any true etiologic associations, One
approach that has been taken in epidemiologic studies is to distinguish chromosom-
ally normal and abnormal abortuses based on karyotyping the conceptus [Kline et al.,
1989). Some karyotypic abnormalitics are aitributable to the father, whereas others
are clearly contributed by the mother, such that identification of the paternally derived
subset of karyotypically abnormal abartuses could. in theory, be made. In practice,
however, the logistical challenges of even oblaining information on the karyotype of
the abortus are daunting, and the additional requirement to identify the source of the
abnormality poses an additional challenge.

For karyotypically normal abormses, a potential role for paternal factors cannot
be discounted, in that there may still be genetic determminants that do not act at the
chromosomal Jevel. It may be possible (o identify more simplistic indicators of
spontaneous abortions most likely to be influenced by paternal exposures by strati-
fying cases on gestational age to determine whether early or later losses are more
affacted, of to reswrict the analysis (0 mothers at low risk (young mothers, nonsmok-
ers, eic.). Clinical and laboratory studies aimed at identifying the determining pa-
rental origin of spontaneous abortion would dramatically accelerate the development
of this literamre. co

Until recently, exposure classification has bean rather poor, often based on the
wife's report of her husband’s job title or the male’s employment in a broad industrial
category. The limitations inherent in a job title as a masker of exposure are well
known [Siemiatycki, 1991), with imperfect sensitivity and specificity as an indicator
of actual exposure 10 any particular agent, The design of these srudies would gener-
ally lead to a prediction of nondifferential misclassification, i.¢., the uncertainty in
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going from a job title to an exposure assignment would be similar for men who had
fathered conceptions resulting in spontaneous abortion as in those who had fathered
conceptions resulting in live born children. Under those circumstances, the resulting
risk estimates are diluted, understating the magnitude of any etiologic association
[Copaland et ai., 1977). This is the pnncipal reason that *‘negative’’ studies should
not be viewed as persuasive evidence that the agents of interest do not produce
increased risks. Instead, it would be safe to infer that the job categories do not have
a widespread, extremely strong adverse influence on spontaneons abortion.

Confounding is always a concern, with speculation limited only by the limited
knowledge of risk factors for spontaneous abortion. Paternal occupation is undoubt-
edly correlated with such lifestyle factors as smoking [Sterling and Weinkam, 1976;
Siemiatycki et al., 1988], yet there is little evidence to suggest that paternal lifestyle
factors such as smoking (Beckman and Nordswom, 1982; Taskinen et ai,, 1989] or
alcohol use [Halmesmaki et al., 1989; Parazzini et al., 1990} influence risk of
spontanecus abortion. Confounding by other workplace agents is always possible,
given that jobs with an environmental hazard rarely involve only one such agent. At
present, however, with no paternal exposure that constitutes a proven etiologic agent,
such concerns are highly speculative. Even among maternal factors. the only proven
determinants are historv of spontaneous abortion (which may reflect persistent ex-
posure or inherent charactenistics of the woman), advanced maternal age, and pos-
sibly cigarette smoking or alcohol use (Kline et al.. 1989). Since paternal occupation
is a determinant of social class, and social ¢lass is closely related to maternal smoking
during pregnancy [Williamson et al., 1989]. maternal smoking should be considered
as a potential confounding factor, yet only about half of the studies we reviewed did
so (Appendix table).

A number of study design issues need to be considered in evaluating this
literature and making recormnmendations for future research. Some studies have com-
pared preemployment and postemployment outcomes in the same individuals
[Townsend et al., 1982; Restrepo et al., 1990]. Although such a design offers the
advantage of controlling for any intrinsic factors to the couple, the potential for
confounding by maternal and paternal age is substantial.

Induced abortions have the potential for biasing comparisons of spontaneous
abortion risks in comparisons of populations with differing induced sbortion occug-
rence. Specifically, induced abortions remove pregnancies from being at risk of
spontaneous abortion, and failure (0 consider them as *‘pregnancies at risk’’ anifi-
cially inflates the risk of spontaneous abortions relative to what would be found in a
life table analysis [Olsen, 1984]. Alternatively, if induced abortions are counted as
pregnancies at risk without noting that they ended prior to the end of the risk period
for spontaneous abortion, the risk of spontaneous abortion will be artificially reduced
relative to what would be found in a life table analysis [Modvig et al., 1990]. The
deal approach is to determine precise timing of all induced and spontaneous abortions
and to conduct an analysis of spontaneous abortion incidence by week of gestation.
However. the accuracy of reported induced abortions (especially by males) and the
precision of the timing of induced and spontaneous abortions makes this strategy
difficult to implement in practice,

The siz¢ and resulting statistical power of these studies shouid also be consid-
ered. Starting with a large work force, the number of informative events (pregnancies
arpong spouses) is limited by che proportion of men who are married and have
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reproductive experiences in the time period of employment, often resulting in highly
imprecise risk estimates. Many of the most interesting groups, for example, workers
exposed to DBCP, are too small to generate rehiable risk estimates.

Accepting the inherent constrainis in addressing the topic of paterual exposure
and spontaneous abortion, there are a number of opportunities for advancing knowl-
edge through improved study methods. Opportunistic studies in which paternal ex-
posures are included in studies focused on other issues (¢.g., maternal exposures) can
still add valuable information. In the coptexx of a well-designed study of spontaneous
abortion (including registry-based stwdies), addition of a modest series of questions
about the father's exposures to potentially harmful agents through habits (tobacco,
aicohol, illicit drugs), at home (hobbies, home repairs), and at work (querying work
activities and locations as well as specific agents) would be conuributory. A more
ambitious step would be the detailed ascertainment of occupational exposure histories
as developed by Siemiatycki and colleagues for a community-based study of occu-
patlonal carcinogens [Sicmiatycki, 1991]. Thewr two-stage approach involves an inj-
tial interview followed by an interview with an industrial hygienist focusing in detail
on activities and agents associated with the indjvidual’s work setting,

In addition to opportunistic studies, sufficient evidence has accrued to justify
development of targeted studies of patsrmal exposures. Populations of men with
potentially harmful exposures could be studied in rewrospective cohort designs with
attention to accurate classification of exposure presence and timing based on industry-
specific job-exposure matrices. In addition to industrial exposures, men ¢xposed to
medications or men with identified sperm characteristics could be studied to assess
the reproductive outcomes in their spouses. Carefully designed case-control studies in
the community could obtain data on lifestyle factors as well as retrospecuive reports
of oceupational exposures.

In parailel with the evolving epidemiologic evidence, the need for additional
laboratory studies showld be emphasized. insofar as the toxicologists can pinpoint
exposures or suggest subsers of patcrnally derived spontaneous abortions, the epide-
miologic literature would benefit markedly. In the absence of a clearly demonstrated
example of paternally caused spontancous abortions in humans, skepticism about the
potential for this process to operate will remain. However, the absence of such
clear-cut evidence is not a resubt of a series of carefully designed negative swdies. In
contrast, the present literature consists of studies of improving quality that contain a
number of suggestively positive results. In combination with laboratory evidence and
publi¢ concern, this research avenue deserves to be pursued to cvaluate thoroughly
the possibility that paternal exposures constitute an important, preventable cause of
spontaneous abortions.
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