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LETTER TO THE EDITOR

Paternal Occupational Exposure and Spontaneous 
Abortions: A Closer Look at Paternal Recall and 
Vinyl Chloride
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We commend Savitz et al. [1994] for their effort at summarizing the epidemi­
ology literature regarding paternal occupational exposure and spontaneous abortion, 
especially as it pertains to methodological issues. They identified three major meth­
odological issues: (1) accurate ascertainment of the occurrence of a spontaneous 
abortion, (2) validity of the father’s exposure assignment, and (3) potential confound­
ing by parental lifestyle factors that may be correlated with paternal occupation. 
Concerning the first issue, it should be noted that an article was recently published by 
Fikrcc ct al. [1993] that assessed the recall agreement of pregnancy outcomes among 
857 couples. Using the wives’ reports as the standard, Ftkree et al. [1993] found 
71,2% sensitivity and 98.8% specificity for husbands' recall of spontaneous abor­
tions. We have also observed differences in recall of spontaneous abortions by male 
employees. These observations showed that 20 spontaneous abortions were recalled 
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 
reproductive health survey. There were only six spontaneous abortions among 114 
(5.3%) lifetime pregnancy outcomes recalled by male employees who chose not to 
involve a spouse/partner. These data support the opinion of Savitz et al. [1994] that 
paternal occupational exposure studies "should routinely seek reproductive outcome 
information from the woman, whenever possible.”

Based on the Infante et al. [1976a] data collected from male employees only, 
Savitz et al. [1994] suggested that further epidemiologic research be initiated on 
paternal occupational exposure to vinyl chloride and spontaneous 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 et al. [1976a]
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Fig. 1. Fetal deaths by paternal age and potential exposure 10 vinyl Chloride monomer as defined by 
Infante el al. Note: the rubber and polyvinylchloride fabrication group was considered not exposed to 
vinyl chloride monomer. The ratios in the graph are the number of fetsl deaths divided by pregnancies per 
each 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 subsequently 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-spccific 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 etal. [1976a] data: “Why was the harm limited to the 25-to 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? Wiry was the rate lower in the nonexposed 25-29-year age 
group than in the younger, nonexposed age group?’* Stallones’ conclusion was "No 
answers to these questions are evident; a sensible conclusion is that something went 
wrong in the study, resulting in aberrant findings, and tbat 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 of a subgroup analysis in discovering a 
problem, internal to the research, which renders invalid the results obtained for the 
total group and which might have been accepted 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 vinyl 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 their ambitious and 
comprehensive review of the literature concerning paternal occupational exposures 
and spontaneous abortion. However, we concur with Stallones’ [1987] conclusions. 
Wc believe there is no justification for continuing to use the data of Infante et aJ. 
[1976a] to support the suggestion in the epidemiology literature of a positive asso­
ciation between paternal occupational exposure to vinyl chloride and spontaneous 
abortion. If other epidemiology reviewers do Find the conclusions of Infante et al. to 
be credible, then wc believe they should at least offer the reader their answers to 
Stallones’ three questions.

Geary W. Olsen 
Jonathan M. Ramlow 
Susan Hearn
Epidemiology Department 
Health & Environmental Sciences 
Dow Chemical Company 
Midland, MI 48674.
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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 evidence 
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 ec al. [1976a,b] yield evidence 
of a positive association between paternal exposure to vinyl chloride and spontaneous 
abortion in their wives that should be viewed as tentative for a number of reasons. In 
favor of a causal interpretation is the pattern of similar risk between exposed and 
unexposed populations prior to employment. A sizable increase in risk was 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 al., 1981] diminishes 
the support for that association, presuming that repeat spontaneous abortions are more 
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 results cited by Olsen et 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 heterogeneity in risk as a (Unction of paternal age, a summary 
measure for the total population remains a useful description of the average effect of 
vinyl chloride [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 presented by Stallones [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-speeifie risk ratios 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 elevation in risk was found. The three questions raised by Stal-

Addtest reprint requests to Dr. David A. Savitz, Department of Epidemiology, CB #7400, University of 
North Carolina, Chapel Hill, NC 27599.
Accepted for publication June 27, 1994.
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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-year-olds than in older exposed groups, and why the 
rate was lower In the nonexpo sed 25-29-year-olds than In younger, nonexposed 
groups are, of course, not answerable. The only candidate explanation is a statistical 
aberration due to small numbers (synonymous with “unknown”). Concluding 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 erratic pattern in relation to paternal age. neither Stallones (1987] 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 wc noted that there have been no attempts 
at replication. A study of the same topic that is free from the principal deficiencies of 
Infante et al. [1976a], namely reliance on paternal report and limited study size, is the 
only way to evaluate whether ‘‘something went wrong.”

DAVID A. SAV1T2. 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 Epidemiologic Studies of Paternal 
Occupational Exposure and Spontaneous Abortion
David A. Savitz, PhO, Nanoy L Sonnenfeld, mcph, and 
Andrew P. Otshan, PhD

The question of whether paternal exposures influence risk of spontaneous abortion is of 
great public interest, with the possibility supported by laboretory invesdgatiom. Thirty- 
nine studies of male occupational exposure and risk of spontaneous abortion were 
examined, with the methods and results tabulated. Many of there reports were limited 
by exposure data based on maternal report of the father's jab title or by potentially 
inaccurate paternal repons 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 inconsistently for exposure to lead, rubber manufacturing, selected solvents, and 
some pesticides. Further study is encouraged, but with more Intensive effort to measure 
accurately both spontaneous abortion and occupational exposures.
O IMA Wilty-U*!, Inc.

Key words; fathers, occupational exposure, mercury, pesticides, solvents, spontaneous abortion, 
paternal reproduction risk

INTRODUCTION

Over the past decade, there has been a growing interest in the potential roie of 
male occupational exposures in reproductive health. A male contribution to infertility 
is now well accepted, with at least one agent (dibromochloropropane) an established 
cause of male infertility [Whorton et ai.. 1977]. The phenomenon of concern In this 
review is the possible impact of paternal workplace exposures on the risk of spon­
taneous abonion. 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 (Stachei et al.. 1989], and passage through sexual 
intercourse, or transmission of the agent directly on the sperm [Yazigi et al., 1991], 

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

Department of Epidemiology, School of Public Health, and Carolina Population Center, University of 
North Carolina, Chapel Hill, NC.
Address reprint requests to David A. Savin. Ph.D., Department of Epidemiology, CB #7400. School of 
Public Health, University of North Carolina, Chapel Hill. NC 27599.
Accepted for publication February 24, 1993.
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as male exposure to Agent Orange 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 a well-established male exposure proven to influence post­
conception reproductive events m general, or spontaneous abortion in particular, 
there are several lines of evidence that strongly support the possibility, including the 
sizable body of epidemiologic 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 Fausunan, 
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 
translocation test [Russell and Shelby, 1985].

The most relevant test to human spontaneous abortion is probably the dominant 
lethal test [Green et al., 1985]. A dominant lethal mutation U 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 structural or numerical 
chromosome abnormalities in the germ cell of the treated male, with death occurring 
before 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. Although the dominant 
lethal test is not a direct analog of human spontaneous abortion, it does demonstrate 
that the agent affects the paternal genetic material. For the sizable fraction of human 
spontaneous 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 
laboratory animal studies is also relevant to human spontaneous abortion. Reduced 
litter size has been found following male exposure to ionizing radiation and ethylni* 
trosurea [Russell and Hunsicker, 1988: Selby and Russell, 1985].

Occupational exposures are dearly capable of adversely influencing human 
semen [Wyrobek et al.. 1983a.b], yet lew .studies have attempted to evaluate whether 
abnormal semen characteristics are associated with spontaneous abortion. Case-con­
trol studies from the 1960s [Furuhjelm et ai., 1962; Joel, 1966] found that concep­
tions ending in spontaneous abortion were more likely to bcJhc product of ‘iflbnor- 
mal" semen than pregnancies that were successful. The semen abnormalities linked 
to poor pregnancy 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, as 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 adversely 
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 spontaneous abortion. The 
methodologic strategies of the past studies will be critically examined to note the key 
limitations and to recommend specific improvements needed to extend knowledge on 
this topic. Of particular concern in this research area is the challenge m 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 father's occupation was ex­
amined in relation to the risk of spomaneous abortion in his partner. Literature 
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 potenuai risk factors considered, raising 
questions about whether our search was completely successful. Studies that contained 
fewer than five exposed cases in all the associations they reported [e.g.. Goldsmith 
et al., 1984) were excluded from the review. Studies were not excluded on the basis 
of qualitative criteria, but we attempted to provide sufficient mcthodoiogic informa­
tion for the reader to make independent evaluations of the quality of the evidence.

Information abstracted for this review is 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, including 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 potenuai biases and 
limitations of the various studies. The final column in Table I reports the categories 
of exposure examined in each study, serving as an index to the following seven 
tables, which are organized to present results 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 gcneralizable. The number of spontaneous abortions reported in Table I 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 1 is that repotted 
by the original author for the total study population, including both the exposed and 
unexposed. In a number of studies, the reported response 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 reports only the proportion 
who had complete data in records or agreed to the interview, and does not take into 
account unusable data or missing values on specific items of Interest-

Tables II—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 
industries, occupations, and agents. The heterogeneity within some of these catego­
ries should be noted, with solvents including a variety of exposures in the plastics and 
rubber industry, and pesticides broadened to include sterilizing agents and wood 
preservatives The results tables include the exposed group used in each analysis and

CMA 118994
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an estimate of the risk ratio with 95% confidence interval (Cl) contrasting exposed to 
unexposed men. The desired 95% CIs 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 etal., 1985; Cohen etal., 1974, 1975; Hamill etal., 1982; Hemminki et al., 
1983; Infante et al., 1976; Khairazi et al., 1980; Knill-Jones et al.. 1975; Lauwerys 
et al,, 1981; Morganet al,, 1984; Nordstrom et al., 1983; Rosenberg and. Vanttlnen, 
1978; Roan et al., 1984; Rupa ct al., 1991; Savitz ct al., 1984; Smith M al„ 1982; 
Sterling 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 exposed 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 multiple 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 were 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 important 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 
testing 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 among exposed plus unexposed was available.

RESULTS OF REVIEW
As summarized in Table I, 39 studies published over the last >8 years 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 relevant in discussing the agents which they address. Most studies have 
relied on matemaJ or paternal self-report 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 II. Itoeulta of SimHb PKtml Evpaanraa to Heavy Metoli and Spootoneotu Abortion

Reference Agent, industry, or occupation RR 93% Cl

Beckman A Nordstrom [1982] Copper smelter (lead, arsenic, mercury. 1.5 0.9-2.3
cadmium)

Kline et al. [1982] Metals 0.5* 0.2-1.1
1 0" 0.4-2.2

Hemminki et al. [1983] Metallurgical industry [zinc, cobalt) 1.1 0,8-1.5
Metal industry 0.7 0.4-1.5

Lindbohm et al. |I98«) Metals manufacturing 0.9 O.S-I.O
Metal-plate and construction steel 1,4 1.0-1.9

Brodsky et al, [198S] Dentistry (mercury) 0.9 0.7-1.1
Alcseret al. [1989] Urinary mercury levels 2.000-3.999 1.1 0.8-1.6

M-g/1
Urinary mercury level* 4.000-9.000 1.7 1.1-2.5

ug/l
McDonald et al. [1989] Ore. metal, stone processing l.: 0.9-1.3

Metal machining 1.0 0.9-1.2
Metal fabricating 0.9 0.7-1.2

Cordier et al. [1991] Urinary mercury levels 1-19 i*g/l 1.3 1.0-1.7
Urinary mercury levels 20-49 p.g/1 1.7 1.0-3.0
Unnary mercury levels >49 *g/l 2.3 1.0—5.2

Lindbohm et al. [1991a] Lead 0.9 0.8-1.0
Nickel and nickel oxides 1.0 0.9-1.1
Chromiuxn/chronuuizi eompemnds 1.0 0.9-1.1
Metals 1.0 0.8-1.1
Wire & pipe drawers 1.2 0.5-3.1

Lindbohm el al. [1991b) Blood lead levels 1.0-1.4 p,molyl 1.0 0.6-1.7
Blood lead levels 1.5-1.8 |imol/l 1.3 0.5-3.4
Blood lead levels >1 $ timol/l 1.6 0.6-4,0
Blood lead level* 1 0-1 4 ^mol/l during 0.7 0.3-1.9

tvpcrmaioceneMs
Blood lead levels >1.4 iuriol/1 during 3.8 1.2-12.0

spcrmatogenesi'.
Cadmium 1.4 0.6-3,4
Chromium 0.9 0.5-1,6
Nickel 1.1 0.6-1.9
Zinc 2.2 0.8-J.5
Copper 2.8 1.1-7.0

•Public clinic patient*, norma) karyotype. 
’’Public clinic patient*, abnormal karyotype.

Exposure to Heavy Metals
Occupational agents ns potential causes of spontaneous abortion have been 

examined in a number of mostly recent studies (Table 1). Ten studies oontain infor­
mation that address paternal exposure to lead, mercury, and other metals in relation 
to spontaneous abortion (Table I and 11). Many are community-based surveys, with 
exposure defined by inferences based on employment sector or job title rather than 
direct measurement. However, four studies focused directly on cohorts exposed to the 
metals of interest, namely, lead (Lindbohm et al., 1991b] and mercury (Brodsky et 
al., 1985; AlcSer et al., 1989; Cordier et al., 1991]. With these exceptions, the



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 smelter) contain a range of potentially hazardous 
agents, in addition to metals.

A number of studies provide evidence of positive associations, including 
smelter workers (RR ~ 1.5) (Beckman and Nordstrom, 1932), metal-plate and steel 
industry workers (RR ■ 1.4) [Lindbohm et al., 1984], men with elevated estimated 
lead exposure (RRs - 1,0, 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) [Alcseret al., 1989] and estimated mercury exposure (RRs - 1.3, 1,7, 
and 2.3 for low, moderate, and high levels, respectively) (Cordieretal., 1991] (Table 
II). Unique among the studies was Lindbohm et al.’s [l99lb] evaluation of lead 
exposures around the time of spermatogenesis, which yielded a markedly elevated but 
imprecise risk ratio.

Contradictory null results or even inverse associations are also present In Table 
IL including the absence of an increased risk for dentists preparing mercury amal­
gams [Brodsky et al.. 1985] and workers with job titles thought to indicate exposure 
to lead (Lindbohm et al., 1991a]. However, the most methodologically sophisticated 
in terms of exposure assessment [Alcseret al.. 1989: Lindbohm et al.. 199 lb: Cordier 
et al., 1991] provide strong suggestions of a link between exposure to heavy metals, 
especially mercury, and spontaneous abortion.

Exposure to Rubber, Plastics, and Solvents
The array of agents under this rubnc is 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 settings (Table III). In addition to the 
community studies that contribute results on a wide range of exposures [Lindbohm et 
al.. 1984; McDonald et al., 1989; Lindbohm et al.. 1991a], a number of studies have 
targeted particular exposures in this category, most notably vinyl chloride (Infante ct 
al., 1976], toluene diamine and dinitrotoluene [Hamill et ai., 1982], several specific 
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 implicating or exonerating specific agents is commendable.

The initial study of Infante et al. [1976] provided the first suggested 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 chloride (RR •• l .8), pronounced among younger (but not older) 
fathers (RR - 3.7) (Table III). Maternal age was not ascertained so that it could be 
examined only indirectly through the closely correlated father’s age.

Sanotskii [1976] reported a strong association of spontaneous abortion with 
chloroprene exposure, but insufficient methodological details are available to criti­
cally evaluate that observation. Risk ratios of i .5 or greater were reported for organic 
solvents in general (RR = 2.3), toluene fRR = 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 petroleum refineries 
(RR - 2.2), trichloroethane and methylene chloride (RR - 1.9) in rubber manu-

Paternal Exposure tod $ponuneoar Abortion 347
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TABLE III. Uvula in Stadia of Paternal fiqmgn to Rubber, Plastics, or Satan* and

Reference Agent, industry, or occupation RR 95% Cl

Infante et 4. [1976] Vinyl chloride, polyvinyl chloride 14* 1.0-3.1

Sanotskii (1976) Chloroprene and manufacturing >3.0 NA*

Hamill et a). 11982] Toluene diamine, dinitrotoluene 1.0 0.6-1.8

Undbohm et al. I19W] Solvents 0.9 0.7-1.1

Savitz et al. (1984) HaJogenated hydrocarbon* 1.2 0.8-1.8

Daniell & Vaughan [1988] Autobody workers 1.0 0.8-1.2
Painteia in maintenance, construction 0,9 04-1.i
Fiberglass, bathtub, boat, plastics workers 0.9 0.7-1.2
Printers, pressmen, lithographers l.t 04-13

MeConald et al. f 1989] LaundtyMry cleaning 0.9 0,6-I.J
Rubber, plastic fabricating 1.0 04-1 5
Printing operations 0.9 04-1.2

Taskinen et al. (1989) Organic solvents 2.3 1.1-5.0
Aromatic hydrocarbon! 1.6 1.0-2.4

Styrene 1.3 04-2.1
Toluene 1.5 0.9-2.5
Xylene 1.8 1.1-3.2

HaJogenated hydrocarbons 1.1 04-1,8
Trichloroethylene 1.0 0.6-2.0
2,1.1-Tnchioroethine 0.9 0.3-2.3

Aliphatic hydrocarbons 1.5 0.9-2.5
Acetone 1.0 04-1.7
Miscellaneous solvents 1.7 1.1-24

Undbohm et #1. (1991a) Petroleum refinery solvents (gasoline, benzene) 2.2 1.3-34
Benzene 1.0 0.7-1 3
Trichloroethylene 0,9 0.3-2.1
Rubber manufacturing solvents 

(trichloroethylene. methylene chloride;
1.9 1.2-24

Rubber chemicals 1,5 1.1-2.2
Styrene 0.9 0.5-14
Plastic manulaetunng solvents (styrene) 1.0 0.7-1,5
Plastic monomers 0.8 0.4-I.4
Rubber product workers 1.5 1,1-2.2

Lindbohm et al. (1991b] Organic solvent exposure 1.1 0 7-1.5

'Poiwmployment risk for esposod vs, unexposed. 
sNot available.

factoring, and tnchloroe thane in general (RR - 1.5). It is difficult to 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 observations for vinyl 
Chloride [Infante et al., 1976], chloroprene (Sanotskii, 1976], end^speciflo solvents 
implicated 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'negttive results are 
more credible. Hamill et al.'s [1982] study was small but Included a strong effort to
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TABLE IV. Results in Studies of Patent*! Exposure to Anesthetic Gases and 
Spontaneous Abortion ____________________________

Reference Agent, industry, or occupation RR 93% a

Cohen et *1. [19741 Anesthesiologists
Anesthetic nurtus
Operation room technicians

0.9
1.2
1.8

0.8-1.1 
0.3-2.6 
0.8-4,1

Cohen ei al. (1973) Dentists working with anesthetics >3 hr/week 1.3 1.4-2.2
Kmll-Jones et al. [1973] Physicians working in operating room 1.1* 0.7-1.7
Rosenberg ft Vanttinen (19781 Anesthesiologists 0.8 0.3—1.4
Tomlin [1979] Anesthesiologists working in operating room 20 

or more hours per week
1.6 0.9-3.0

Cohen et al. [1980] Dcnti&iS working with anesthesia 1*8 hr/week
Dentists working with anastftesU 8* hr/w«k

1.1
1.3

1.0-1.4 
1.3-1.8

Lauwerys et al. [1981] Physician*, nurse* working in OR 1.1 0.7-1.8
Guirguis et al. [1990] Physicians, nurses, other staff in OR 2,3 1.7-3,1

OR ■ operating room.
Father exposed but mother not exposed.

accurately classify workplace exposure. McDonald et ai.'s [1989] study did not 
identify associations for laundry/dry cleaning or rubber workers, and a number of 
solvents, including benzene and carbon disulfide, were not associated with sponta­
neous abortion in Undbohm et ai.'s [1991a] study. The most promising leads to 
pursue would be exposures in the rubber industry and exposures to vinyl chloride and 
specific solvents associated with spontaneous abortion (Table III).

Exposure to Anesthetic Gases
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 a similar effect (Table IV). All but one of the eight studies of this 
issue 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 varied rather markedly from 5.1% [Guirguis et al.. 1990] to 13.2% 
[Rosenberg and Vanttinen, 1978] in spite of the similar methods (Appendix table). 
Such variation may be due to true heterogeneity in the populations, selection bias due 
to nonresponse patterns, or erroneous 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 comparability of 
exposed and unexposed groups is unusually favorable, in that subgroups of poten­
tially exposed health professionals (physicians, dentists, or technicians) were com­
pared to other (presumably sociologically similar) subgroups from the same profes­
sion who were not likely to be exposed.

Most of these studies have found increased risks for the partners of anesthetic- 
exposed men (Table IV). Risk ratios of 1.5 or greater have been reported for operating 
room technicians (RR ■ 1.8) [Cohen ct al.. 1974], dentists working with anesthesia 
over 3 hours per week (RR = 1.8) [Cohen et al., 1975], anesthesiologists working
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half-time or more in the operating room (RR =» 1,6) [Tomlin, 1979], dentists working 
with anesthetics 8 or more hours per week (RR ^ 1.5) [Cohen et al., 1980], and 
hospital workers exposed to the operating room (RR “ 2.3) [Guirguis et al., 1990], 
Other studies of physicians in particular, including those with briefer exposure peri­
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
nation.

Exposure to Pesticides end Related Products
Fifteen studies have provided data to assess risks of spontaneous abortion from 

male exposure to pesticides, antimicrobials and related products encountered in chem­
ical manufacturing, agricultural application, and from herbicide use in the war in 
Vietnam (Tables I and V). The diversity of agents and exposure settings i$ 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 [Steilman et al,, 1968; Aschengrau and 
Monson, 1989] Overall, substantial attention was given to specific exposures m 
these studies, with most studies explicitly designed to address the agent(s) of interest. 
However, the degree of success in 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 
report. In reviewing the methodological details (Table 1 and Appendix table), notable 
outliers are the baseline risk of spontaneous abortion of 1.9% in Resirepo et al.'s 
(1990) study and the response of only 26% in the survey of Roan et al, [1984], 
seriously diminishing the credibiliiy of their results. Usually, but not always, major 
potential confounders such as maternal age and cigarette smoking were addressed. 
Even without the clearly invalid result of Kestrepo et al. [1990], a twofold range in 
spontaneous abortion risks (5-8-11.9%) was observed across studies.

Results of pesticide studies were mixed (Table V), but again it is difficult to 
define which results address truly analogous exposures. DBCP exposure was found to 
increase spontaneous abortion risk in one study (RR =» 3.0) [Kharrazi et al., 1980]. 
The results for 2,4-D, 2.4,5-T, dioxin, and Agent Orange show sporadic increases in 
risk, for example, among forestry workers (RR = 1.6) [Carmelli etal., 1981]andmen 
potentially exposed to herbicides in Vietnam based on self-perception [CDC, 1988] 
or imputed potential exposure [Steilman et al., 1988]. Other studies of related expo­
sures, equal or superior In quality, found no increased risk [Smith et al., 1982; 
Townsend etal.. 1982; Suskind and Hertzberg, 1984; Aschengrau and Monson, 1989].

Rupa et al. [ 1991] found an increased nsk of spontaneous abortion 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 spontaneous abortion risk of 1.9%, which suggests serious error in re­
porting accuracy or completeness, and the report of marked elevations in risk, even 
for jobs thought to-involve no exposure to pesticides. Similarly, Roan et al.'s [1984]
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TABLE V. Results iir Studies ef Paternal Expoaurc to Pesticide*, Antf-Mierebiafa, and Related 
Products and Spontaneous Abortion_____________________

Reference Agent, industry, or occupation RR 95* a
Kharrazi et al. (19801 Dibromochloropropane (DBCP) 3.0 1.3-7.0
Carmelli et al. (1981] 2.4-dichlorophcnoxyaeetic acid (2.4-D) 

Farming 1.0 0.5-2.0
Forestry/cgmmerciai applicator* 1.6 0.8-3.1

Smith et al. (1982) 2,4,5-trichlorophenoxyecetic acid (2.4,5*T) 0.9 0.6-1.3
Townsend ct al. (19821 2,3,7,8-recrachlorodibenzo-p-dioxin (TCDD) 1.0 0.7-1.4

Any dioxin 1.0 0.8-1.4
Can et al. [ 1983) Agent Orange 1.2 1.2-1.3
Goldsmith et nl. (1984] DBCP 1.1 0.3-4.0
Roan ct al. (1984) Agricultural pesticides 1.2 1.0-2.1
Suskind A- Members (1984) 2.4.5-T and dloxun 0.9* 0.6—1.2
CDC (1989] Herbicide* lany perceived exposure) 1.3 1.2-1.4

Low 1.2 1 0-1,4
.Moderate 1.4 1.2-1.6
High 1 7 1,3-2.1

Slellman ct al, (19881 Agent Orange
Handle! herbicide* 1.6 0.8-2.9
Luw exposure I-.3 1.0-1.6
Moderate exposure 1.5 1-1-2.0
High exposure 1.7 1.3-2.3

Aschengrau & Moriscm (1989) Service in Vietnam 0.9 o 4>
>

k to

McDonald et al. (19891 Agncuiture/homculiuie 1.0 0.8-1.4
Resirepo et al. (1990) Floncultuml industry

No pesticide job 2.4 1.1-5.0
Low pesticide job 1.6 0.7-3.7
Moderate pesticide job Z.O 1.2-3.3
High peitieide job 0.7 0.1-5.3

Lindbohm et al. (1991a) Ethylene oxide 4,7 1.2-18.4
Impregrams' of wood 1.9 0 7-5.0
formaldehyde (low exposure) 1.1 0.9-1.4'
Formaldehyde (high exposure) 1.0 0.8-1.4

Rupa et al. (1991] Pesticide* used in cotton production .............. „ ,1.7 .1.6-1.9

JNot adjusted despite- differences between' exposed and utiexposed in age, education, and duration of 
smoking.

report of a i .5-fold increased risk for agricultural pilots is diminished in its impor­
tance by the poor response proportion. Among the diverse results that were repotted, 
the observations most deserving of attempted replication (given study quality and 
biologic plausibility) are the increased risk for DBCP (Khanazi et at.. 1980], the 
association of spontaneous abortion with cotton pesticides (RR « 1.7) [Rupa et aJ., 
1991], and the isolated observation of an increased risk from ethylene oxide (RR - 
4,7) (Lindbohm et al.. 1991a].

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 ai., 1983] was focused on
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TABLE VI, Results !■ Studio of Paternal Expoeare to Phyafcai Agents ami

Reference Agent, industry, or occupation RR 93% Cl

Boue el al. [1975] lontiinp radiation 1.3 1.1-1.3

Kline ci 4. [I9S2J Electrical 1.2* 0.6-2.3
Heat 2.0* 0.9-4.9
Nonionizing radiation 0.7-1,8" —

Nordstrom « al. [1983] Electromagnetic Helds
Other job* (lowest voltase! 0.6 0.3-1.1
Switchyard/line construction imodenie) 0,6 0.3-1.1
Switchyard workers (high voltage) 1.0 0-3-1.7

McDonald et ai. [I989J Ionizing radiation 0.9 0.6-1.3
Lindbohm et al. [1991a] Radon exposure 1.2 0.8-1.8

Lindbohm et al. [1991b] X-rays i.S 0.6-36

'Public patients. normal karyotype.
"Range of risk ratios across normal/abnormal karyotype, public/private clinic.

this particular topic, so thru the quality of exposure assessment was generally limited 
(Table VI). Suggestive associations were found for ionizing radiation in two studies 
[Boue et al.. 1975; Lindbohm et al., 1991b], with modestly elevated risk ratios of 
1.3-1.5. Nonionizing radiation, a ubiquitous but poorly 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 fields to be associated with increased risk. 
Given clear evidence that ionizing radiation causes mutations [BEIR, 1990] and that 
heat can impair sperm function |Levine e< al., 1990]. this avenue appears to be 
worthy of pursuit in spite of the results currently available. The only data on heat 
exposure provided a suggestively positive result |Kline et al., 1982).

Exposure to Hydrocarbons and Exhaust
Several studies provided data on miscellaneous hydrocarbon and motor vehicle 

exhaust exposures, all as components of broader surveys (Table Vll). Nonetheless, 
perhaps because of the literature linking such agents to childhood cancer in the 
offspring [Savitz and Chen. 1990), several investigators had considerable interest in 
these exposures [Kline etal., 1982; Lindbohm et al., 1984; Lindbohm eta!., 1991a). 
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 ai., 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 constitute 
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 Miscellaneous Industries, Occupations, and Agents
In addition to the results that fall into the above categories, many reported 

associations did not fall into any of the specific categories. For example, one prom-

t
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TABLE VII. Results in Studies of Paternal Exposure to Exhaust and Hydrocarbons and 
Spontaneous Abortion

Reference Agent. industiy, or occupation RR 95% ci

Kline ei si. [1982] Auto fume* (narrow) 1.2* 0.8-1.7
Auto fumes (narrow) 1,3* 0.4-3.7
Auto fumes (narrow) 1,0* 0.6-1.5
Hydrocarbons (narrow) 1.2* 0.7-2.3
Hydrocarbons (narrow) 1,2' 0.6-2.6

Lindbohm cl si, [ 198*1 Polycyclic aromatic hydrocarbons 1.0 0,9-1. i
Automobile exhaust and fumea 1.0 0.9-1,1
Service station attendants 1.2 1.0-1.6

McDonald et al. [19891 Mechanics and repairers 1.1 1.0-1.2
Transport operations/materials handling 1.0 0.9-1.1

Lindbohm el al. [1991a] Polycyclic aromatic hydrocarbons (modCTOU/high) 1.0 0.9-1.2
Polycyclic 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

Limibuhm ei jl Carbon mnnomdc i.i 0.8-1.7

’Normal karyotype, public clinic patients. 
’'Normal karyotype, private clinic patients. 
’Abnormal karyotypes, public clinic patienu.

inent study [Morgan et al,, 1984) addressed wastewater treatment plant workers who 
are not easily classified elsewhere (Table VJII),

Notably elevated risk ratios (2.0 or greater) have been found for chemical 
crushers (RR *=* 2.2), cloth sewers (RR m 2.5), caretakers of fur*bcaring animals 
(RR = 2.3) [Lindbohm et al., 1984], all wastewater treatment plant workers (RR * 
2.1), and mechanical, instrument, and electrical workers in the wastewater treatment 
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., 1991a],

A number of specific agents that could plausibly be linked to spontaneous 
abortion (e.g.. mutagens, miscellaneous industrial chemicals) were queried or im­
puted by investigators in a number of studies but did not yield any notably positive 
associations (Table VIID. None of the reported risk ratios reached 1.5. providing little 
basis for directing future study efforts. The explicit goal of studies such as these is to 
suggest agents more 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 literature providing data to evaluate possible associations between paternal 
occupational exposures and spontaneous abortion is large but, at least until recently, 
not of high quality. Most studies examining the issue did so without having focused 
on this particular topic, with limited effort to measure exposure or outcome or both
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TABLE V1Q. Rnalta In Studies of Mbc*Uan*oiu Paitraal Exponmi/Occppatlons and 
Spontaneous Abortion

Reference tnduwy, or occupation RR 95a Cl

Kilns ci il. [19521 Chemical! 0.7-0.5*
Food 0 7-1. :• —

Hemminki c< al 119*31 Chemical industry 0.B 0.4-1 6
Textile industry 0.8 0,4-1.8
Uaiher industry 1,6 0.5-3.»

Undbohm cm. |I984] Chemical crushers 2.2 M-4J
Cloth sewer* 2.3 1.3-3.0
Caretakers of lur-bearing animats 2.4 1.3-4.4
Textile ditti 1,0 o.e-i.5
Animal microorganiama 1.3 0.9-1 9
Other chemical* 0.9 0.7-1.2

Morgan el al, 119841 W|»i« water treatment plant worker*
Ail job mk* 2.1 0.9-4.3
Proceaa operators 0.9 o, i-s.a
Mechanical. instrument, electrical 4.9 1.3-15 «

McDonald et ill, 119891 Physical sciential* 1.2 0.9-1 0
Physicians/dentin* 1.0 0.7-1.2
Techniciana/art 1.1 O.S-I-I
Chemical processing 0,9 0.6-1,4
Food, beverage. wood, textile* 1 0 0.9-1.2
Wood, stone machining 1.2 0.8-1,8
Electrical fabricating 0.9 0.7-1,0
Wood, textile, leather I'lbncaiins 1.0 0.8-1.1
Construction trades i.a 0.9-1,1
Stationary equipment/miscellaneous mnnu/nctuftag M 0,9-1.4

Ttokintn et a), H989] C*ttlrtWg«nA 1.3 Q.9-2 l
Dusts 1,4 0.7-3 6

Lindbohm si ji. ||99|a] Watchmaker. 1.5 0 8-2 7
Textile machine i-cuervopcran'r' 1.2 0,0-1,9
Textile HnwheTS ,m0 [Jryvrs 1.3 0 8-2,4
Mutagens thigh exposure t 1.0 0.9-1.:
MuUfien* (low exposure' 1,0 0.9-1 0

‘Range of risk ratios across normal/abnonnal karyotype, public/private clinic.

in the detail that would be desired. Nonetheless, 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 exonerate 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 Spontaneous abortion [Alcscr et al., 1989; 
Lindbohm et al., 1991b; Cordieret al., 1991] are of potential importance, especially 
given the evidence that lead [Lancranjan et al., 1975] and mercury [Lee and Dixon, 
1975] may be disruptive to spermatogenesis. Although these agents are not thought 
to be mutagenic, developmental alterations through other processes such as epigenetic 
mechanisms may be involved. Mercury, 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-

■;1
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TABLE IX. Summary of Strength of Evidence Linking Selected Paternal 
Expoaurw to Spontaneous Abortion

Agent
Elevated RR 
in >i Study RK>I,5

Evidence from 
high quality studies Overall

Laid No Yet res Mode rare
Mercury Vet Yea Ye* Strong
Solvents Yes Yes Mixed Moderate
Anesthetic gases Yes Y« Mixed Strong
Pesticides Yea Yet No Weak
Pbenoxy herbicides Yes YC5 No Weak
Ionizing radiation No No No Very weak
Hydrocarbons No No No Very weak

spread use and potential for mutagenicity, and there are sporadic indications 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 
reported by infante et al. [19761 for vinyl chloride. Sanolsku [1976] for chloroprene, 
or Taskinen at 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 reproductive hazards given the 
link between exposure during pregnancy and risk of spontaneous abortion [Tannen- 
baum and Goldberg, 1985]. Studies of demists 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 are needed in future studies, but the 
reduction in anesthetic gas exposures in most settings may limit the informativeness 
of such efforts.

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 there are few observations suggestive of an adverse effect of

piCV.CldC wlpwUrC. Ur.lCoo jv<uv uiCiTiS of wiiuijg uic luiuuuubitf ciiai-
lenges of exposure assessment can be identified (e.g, biological monitoring), addi­
tional simplistic efforts hold little promise. Exposure to Agent Orange, in particular, 
has been difficult to evaluate [Boyle et al., 1989; Lilicnfeld and Gallo, 1989],

Ionizing radiation and hydrocarbons have produced limited support for an as­
sociation with spontaneous abortion. However, the theoretical basis for interest in these 
highly mutagenic agents to which many people are exposed is strong enough to warrant 
further study, in spice of the limited epidemiologic support. Ionizing radiation, in 
particular, may be amenable to studies that take advantage of the unique individual 
monitoring programs of large numbers of workers in place at many industries.

Methodological issues
The difficulties in conducting studies 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

CMA 119006



'96 04:44PM ADMIN 1803 BLDG 517 636 1875 P.21/28

376 Savtfcr «t al.

of spontaneous abortion, and the difficulty of accurately measuring the occurrence of 
spontaneous abortion.

Assessment of spontaneous 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 reporting may be both incomplete [Wilcox and Horney, 1984] and 
biased in relation to exposure status. The limited public perception of a paternal role 
in the etiology of spontaneous abortion makes differential reporting by exposure 
status somewhat less likely 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 [Selcvan, 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 outcome information from the woman, whenever possible, 
contending 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 
male (for exposure information) and female (for reproductive outcome information) 
are interviewed is needed in spite of the additional costs.

Perhaps the most critical issue with regard to identification and classification of 
spontaneous abortions is the heterogeneity in the causes of spontaneous abortion. 
Isolation of the subset of all spontaneous abortions that are plausibly attributable to 
the paternal 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 abnormalities are attributable to the father, whereas others 
are clearly contributed by the mother, such that identification of the paternally derived 
subset of karyotypically abnormal abortuses could, in theory, be made. In practice, 
however, the logistical challenges of even obtaining 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 abortuses, a potential role for paternal factors cannot 
be discounted, in that there may still be genetic determinants that do not act at the 
chromosomal level. It may be possible to 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 
affected, or to restrict the analysis to mothers at low risk (young mothers, nonsmok­
ers, etc.). Clinical and laboratory studies aimed at identifying the determining pa­
rental origin of spontaneous abortion would dramatically accelerate the development 
of this literature.

Until recently, exposure classification has been 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 marker of exposure are well 
known [Siemiatyckl, 1991), with imperfect sensitivity and specificity as an indicator 
of actual exposure to any particular agent, The design of these studies would gener­
ally lead to a prediction of nondifferential misclassification, i.c., 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 bom children. Under those circumstances, the resulting 
risk estimates are diluted, understating the magnitude of any etiologic association 
[Copeland et al., 19771. This is the principal reason that “negative” studies should 
not be viewed as persuasive evidence chat 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 spontaneous 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 Weinkftm, 197$; 
Siemiatycki et ai., 1988], yet there is little evidence to suggest that paternal lifestyle 
factors such as smoking [Beckman and Nordstrom, 1982; Taskinen et a]., 1989] or 
alcohol use [Halmesmaki et al., 1989; Parazzini et al., 1990] influence risk of 
spontaneous 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 history of spontaneous abortion (which may reflect persistent ex­
posure or inherent characteristics 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 class is closely related to maternal smoking 
during pregnancy [Williamson et al.. 19891. 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 recommendations 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 aboition occur­
rence. Specifically, induced abortions remove pregnancies from being at risk of 
spontaneous abortion, and failure to consider them as “pregnancies at risk” artifi­
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 wilt be artificially reduced 
relative to what would be found in a life table analysis [Modvig et al., 1990]. The 
ideal 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 size and resulting statistical power of these studies should also be consid­
ered. Starting with a large work force, the number of informative events (pregnancies 
among spouses) is limited by the 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 reliable risk estimates.

Accepting the inherent constraints in addressing the topic of paternal 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 (e.g., maternal exposures) can 
still add valuable information. In the context of a well-designed study of spontaneous 
abortion (including registry-based studies), addition of a modest series of quesiions 
about the father’s exposures to potentially harmful agents through habits (tobacco, 
alcohol, illicit drugs), at home (hobbies, home repairs), and at work (querying work 
activities and locations as well as specific agents) would be contributory. 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
pational carcinogens [Siemiatycld, 1991]. Their two-stage approach involves an ini­
tial interview followed by an interview with an industrial hygienist focusing in detail 
on activities and agents associated with the individual’s work setting.

In addition to opportunistic studies, sufficient evidence has accrued to justify 
development of targeted studies of paternal exposures. Populations of men with 
potentially harmful exposures could be studied in retrospective cohort designs with 
attention to accurate classification of exposure presence and riming based on industry- 
specific job-exposure matrices. In addition to industrial exposures, men exposed 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 retrospective reports 
of occupational exposures.

In parallel with the evolving epidemiologic evidence, the need for additional 
laboratory studies should be emphasized. Insofar as the toxicologists can pinpoint 
exposures or suggest subsets of paternally derived spontaneous abortions, the epide­
miologic literature would benefit markedly. In the absence of a clearly demonstrated 
example of paternally caused spontaneous 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 result of a scries of carefully designed negative studies. 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 
public concern, this research avenue deserves to be pursued to evaluate thoroughly 
the possibility that paternal exposures constitute an important, preventable cause of 
spontaneous abortions.
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APPENDIX- hknol Occupational £if«un and Sfodanauis Abortisn: Study Type, ConJounders, Case DeflnHiaas

JUfaeooe
Study

localtoa .Study type Gudaundcii addteswd
Miscarriage case

ddmuion

Baseline risk 
ul spontaneous 
abortion 4?)

CdkeactaJ [WM Uattol Stales Rcro&pcciite
cohort

CMss-ieciKiail

Maternal age. stacking GA* <20 weeks IZ 5

Boned J*. (19751 France None GA < l? woclu and 
abnormal karyroyp*

NA'

Coin el aL |1975J United States- Remspouivc
eo hem

Matronal Age, smoking, pregnancy history GA <20 weeks 90

KiuIMak* d al [19751 United Kingdom Rctnuprcuvc
cohort

M aici ul age, smoking. bub order; paternal age MeanGA - U weeks 
(eaeludcs sidtoirths)

111.9

Mined Ji IIV7M United States Rcbcspecovc
cohort

Pivviutis SAh*. yoaer nat age SAbs and stBHhrltn 3.8

Sanobko [1976) Sivpict Union RetmtpTLQve
what

NA* NA NA

Roseithag & V:iTtUiftc* 
11*381

Fmlaad Rclrospci«.vc
cohort.

MatciMl age Cbatcaiky recugnircd U 2

TomBa [ 19791 United Kingian RrirasfechAC Nuiiir NA

Cductal [I9S0J United Slates JteUuxfcvlTv c
cohort

Maternal age. smoking. previous SAb GA <20 weeks- b 7

Khaw*o cl al. | IWHf linel JCciauN(*r\ tin: 
enhon

Makrod age NA rt.6

Cumelfc ct ni | I9SI| United Sutcr NestrJ Cii^v- 
CMinH

MArinal .uc, cigarette. aarijraaa smote. paternal 
age, cdoratkm. mxnfalkw aawital scans, pnnna 
SAb

EscCwks udlbicdsi 
heavy ia)c fuwcls

11-M*

Lanwoysci al. [I9fl] Birlgwjai RcLlOSpC* HI*" Snicking, drug ccasuAftkm Excludes alaliHrlhs fr.l

Bcdonan 4 NoidsiJern
IIM2]

Sweden RrliosfcviiAa:
cohort

Maternal age. smoking, occupation. ft*> dity. 
paternal age, alcohol

Eaclntks stilfoirihv 7 J

Hwlti al. |iyiit United Stales Rctrosperwvc
cohort

Prternal afcofcoJ. smoking. race, marital status Guides with Ustury of 
SAb

H-S

KJneetaJ. | I9K| Unite)} Sum Case control Maternal age, previous SAb, alcohol, smoking, 
patron*] uampkiysncnl, ethnicity, poblic^mvaie

GA <-23 weeks wift
known karyotype

NA

Snilh el *L |I9WJ New Zealand Retufcipc^trve frlaiesNdl age, smoking, cihrocii? fexdndcs NiBNrtJu IU0

Tuwjtsend ti al-119131 UnUsd States Retrospective
oobcri

Maternal age. bank control rocihnd, mcdKatLon 
dining pregnancy, smoking, afcofcuf

GA < 20 weeks 11.9

CadiL [l9BJf Victual Retrospective
cobon

None Excludes snJIbiirtH 5 9

Hemnink] <* M. (I9U1 Finland Retrospective
Cfllul

Season. ruieiaal occupation tlospitalrcrd SAbs lift 
<28 weeks

9-S

Nuximoin cl al. II9SJI Sweden felrospeckve
colon

Mmettwl age. smoking, akotaf. medicacigns. 
gravidity, chemical exposure*

Exclude* z uM hints 9 V

Lifidbulunei aJ- |19V4J Finland Reiiospctuve
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Maternal age. place of rcsidentc. pahly, amriial 
status
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<. 23 weeks
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Uuffiil *4 -A fc I9K-L| Ciiiktl State* FtciriM-iicx rt^ e 
cukuti

KiijM cl at |J#-I| ClliWiI -SldlCv KciTt>spC\|l%c
ciiUvin;

SjhI/ i*f j| L19IM| Uftttcd Aiders Aelti^xiuiie
eaten

SulLuuI &: Ik’nibcry f J9I-IJ Uotfed Strike RclKApccihi:
tutital

JJ4«Jsky ti j|. ||*8S| Unicd Stittvi. hdiirfvcdVL:
Cnlhun

Darnell & Vugkun L19S8J Untied Slides Rdjosfxcijvc
cohort

itrtduuncrl ^,1 | I9SBJ timed Slate* Rcirusprciivc
cobun

CL)C J l*M) liftuof Slate* Rdru^evtive
eutktt

Alt-nl cl J) P'X'J| thuteJ Si ale-* ttCVi's|hXhvC
ildKiTi

Anhcaj'iuu 2t AWmin
119891

Lhuted Sidles

*.VDu.u*Jcl jl |j9*9t ( aiadu KcikasplJLUVC
Odt’tllf)

TavlurR cl jl ll'*M| FinLinJ Nisced tiuc 
cutiIkJ

Ciuicyuis rt ij. LI99U| llnUri*. C.maia RclMipcCTve
coboct

ko4rL|»iUal [JSfJ0| Ccrionibu Redospcckvc
cefmrt

Coxher Cl dt. 11991) France ftciroigcrtivc
cohort

Lindbaihai u al J 199 la| FmLmiI Kctnnfcchve
cohort

Imlkuhni cl d JtV9Jfct FmIojiJ Nested cue 
control

Jtupoci al. ||99L| Bdraspccthe
Culon

'CicMulkuut age. 
hSpum!ineous abortion- 
*Nol available.
'‘Includes exposed population.
*Ciled in .Sterling and Arundel |I986|. 
tiled u McDonald cl al. JI987|.

M-UlClIijJ fJLL- ,!£>.„ L'.JlM Ul-<ll. SJrlitLu^, dlO'llOj

MdUird JpC paler mu I Jv'L id It. Jib *

MjtcroJ nipc, pdLcriijJ uci\ urc murad Jjivs
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Miuriul aye. xnuiist

Marcr&d jyr. ituiiul h.ums. r»ipl<i>»atil icaritx 
ccrtMA ic*.i. ptcdian income. ^uvuluy. previous 
SAfe. otrue since U»l prcynuic?. puicaiul aye

Mukful ajft. sanAint- paternal ape. combat 
eiposioe

Fufcxul age. line. a-nli-ftiucm status. nAujum. 
nulkary rpciults, im-Atne .akithid. Jrug aw. 
nanul MJtBs

.MdJCIIVjJ JfT. MIHlk MIL1. .Ao-ldMil *m 0tU|4u\tllk-at. 
pJfVaUUbS-S.Viv ei^ki iml |'i|r1ld jpe

MjicijuI rh« cHi|4«r% niv a a -»a~ 4xmt.. fumy, 
pntw (treebjeurs Ui%vs i.naioil .iwriii. |Uk'm<il 
Jpc. lAi: tsl«ialLi-ll V'rtfc|ll.k.>

MdltTitri cusiilei j'loiuni S \i«. cil*at j|'^. 
CliUCjUUfl MluLlAp, IM'UJMdUIII.

Maicroid «iyc. date •.* itiwcfOor

MKstojJ dp: Miwkiiljl kmib «*tdi i. |«il b-UHia SAb
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SAhs «ori salltenlu 12

SAJii and jiiJlhinh* 92
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GA <2t> weeki 1 3

Pnur ios*c> noicii on 114
biria ccndkaic

lULhidea bllllbkrltls 51
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S.ibi iihJ sidlbnkfr. 9 3
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(■A -‘i weeks to r

Quiu-aI!^ ittn|jiii-il d a
f(iA - 6 2M acCls.1

CiA <20 wei'ts 5 1

UA <20 iVLtla l 9
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age, Length ol recall

Muter real vk'tuccwinjink -lUlus. iHoupaiiuiul Clinically rccogmeed 8.9

Maternal agp„ vtiuLing. febiilc diseases. pdkiiul 
itgC> smoking. previous SAb 

Internal alcohol. ameftiag. drug imt. auin*«aal 
Mifrs. louc tapunorcs
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