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Scand J Work Environ Health 1989;15:345—352

Spontaneous abortions and congenital malformations among
the wives of men occupationally exposed to organic solvents

by Helena Taskinen, MD, Ahti Anttila, MA, Marja-Liisa Lindbohm, MA, Markku Sallmén, BSc,

Kari Hemminki, MD'

TASKINEN H, ANTTILA A, LINDBOHM M-L, SALLMEN M, HEMMINKI K. Spontaneous abor-
tions and congenital malformations among the wives of men occupationally exposed to organic solvents.
Scand J Work Environ Health 1989;15:345—352. A case-referent study nested in a cohort monitored bio-
logically for exposure to six organic solvents (styrene, toluene, xylene, tetrachloroethylene, trichloroethy-
lene, and 1,1, 1-trichloroethane) was conducted to investigate the effects of paternal exposure on pregnan-
cy outcome. The pregnancies were identified from medical registers. The exposures of the men during
the spermatogenesis preceding the pregnancies and of the women during the first trimester of the preg-
nancies were obtained with questionnaires, and the available biological monitoring measurements were
used in the exposure assessment. Factors which significantly increased the odds ratio of spontaneous abortion
were paternal exposure to organic solvents in general, high/frequent exposure to toluene or miscellaneous
organic solvents (including thinners), and maternal heavy lifting. No significant association between paternal
or maternal exposure and congenital malformations was found, but because of the few cases no firm con-
clusions can be drawn.

Key terms: biological monitoring, paternal exposure, styrene, tetrachloroethylene, toluene, trichloroethylene,

xylene, 1,1,1-trichloroethane.

Organic solvents are commonly used in various indus-
tries, but information on the reproductive effects of
paternal exposure is limited. Infertility (1), low birth-
weight (2), and congenital malformations of the off-
spring (3, 4) have been reported in connection with
paternal exposure to organic solvents. Methodologi-
cal difficulties in reliably measuring the outcome of
the pregnancy and the occupational exposures have
complicated such studies.

Paternal effects on a pregnancy and the fetus are
believed to be caused by mutagenic or toxic mechan-
isms. Of the studied solvents, tetrachloroethylene and
the metabolite of styrene, styrene oxide, have been clas-
sified as animal carcinogens (5). Mutagenicity tests
have been negative or inconclusive for ethylene glycol
derivatives, but testicular atrophy and pathological
changes in the semen of exposed male animals have
been found (6). In addition, in human studies, changes
in semen have been found (7). Changes indicating
mutagenic effects in cultured lymphocytes and in sperm
cells have been found among metal workers exposed
to trichloroethylene (8). Xylene and toluene have
lacked a demonstrable mutagenic/genotoxic potential
in various tests (9, 10). Increases and decreases in the
plasma levels of the follicle-stimulating hormone of
toluene-exposed men have been reported, and they in-
dicate some effect on male reproductive health (11, 12).

In this case-referent study we investigated the effects
of paternal exposure to organic solvents on pregnan-
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cy outcome. We also tried to determine whether any
single organic solvent or a group of such solvents could
be identified as harmful. The register of biological
monitoring measurements was applied for six com-
monly used organic solvents (styrene, toluene, xylene,
tetrachloroethylene, trichloroethylene, and 1,1, 1-tri-
chloroethane) to ensure reliable information on ex-
posure. Information on pregnancy outcome was ob-
tained from medical registers. The results suggest that
preconceptional paternal exposure to organic solvents
may increase the risk of spontaneous abortion.

Subjects and methods

The source of the study population was workers ever
monitored for organic solvent exposure by the Finn-
ish Institute of Occupational Health during 1965
through 1983. The exposure measurements included
were the mandelic acid concentration in the urine for
styrene, trichloroacetic acid in the urine for trichloro-
ethylene, methylhippuric acid in the urine for xylene,
and the concentration of tetrachloroethylene, toluene
and 1,1,1-trichloroethane in the blood. There were
13 132 exposure measurements conducted on about
6000 men.

Information about the marriages and the wives of
the monitored men was obtained from the Finnish
Population Register Centre with the use of the personal
identification numbers of the men in question. The in-
formation also yielded the personal identification num-
ber of their wives, and this number was used to gain
data from the pregnancy outcome registers. (See the
following text.) Only men in their first marriage dur-
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ing the year of inquiry (1985) and with wives 18—40
years of age at the end of the first trimester of preg-
nancy were included. Only pregnancies which had be-
gun during the marriages or no more than nine months
before them were accepted. About 19 % (774 of 4035)
of the pregnancies of the wives were excluded because
they had begun more than nine months before the mar-
riages or after a divorce. Among these were 77 spon-
taneous abortions.

The data on the medically diagnosed pregnancies of
the wives were retrieved from the Hospital Discharge
Register maintained by the National Board of Health.
Data on spontaneous abortions treated in the hospi-
tal polyclinics were collected separately from the hospi-
tals. In this data base the rate of spontaneous abor-
tion among all recognized pregnancies (= spontaneous
abortions, induced abortions, and births) varied from
7.8 % in 1973 to 10.2 % in 1983 (13). For the preg-
nancies of this study the rate of spontaneous abortion
was 8.8 %. The following codes of the eighth revision
of the International Classification of Diseases (ICD)
were used for pregnancies during 1973—1983 in the
record linkage: 650—662 for delivery and 643 and 645
for spontaneous abortion.

The data on congenital malformations during
1973—1982 were taken from the Finnish Register of
Congenital Malformations, to which it has been com-
pulsory to notify congenital malformations identified
during the first year of life. Studies comparing the
registered data with hospital information have revealed
a reporting and detection failure rate of about 30 %
(14). The failure rate varies by the type of the defect,
minor malformations being particularly underreported.

The descriptions of the contents, coverage, and relia-
bility of both of the aforementioned registers have been
published earlier (13, 14).

This study had a case-referent design. The wives with
a spontaneous abortion or with a congenitally mal-
formed child were defined as cases. If the wife had two
or more spontaneous abortions, only one was random-
ly selected. Three referents were selected for each spon-
taneous abortion and five for each congenital maifor-
mation from the wives who had given birth. Only those
women who did not have a registered spontaneous
abortion or a registered malformed child during the
study period (1973—1983) were eligible as referents.
The referents were selected by computer so that the
ages of the case mother and the referent at the time
of conception were as similar as possible, at least within
30 months. Only one pregnancy per woman was in-
cluded.

Separate questionnaires were mailed (January 1986)
in the same envelope to both spouses of the case and
reference families to obtain data on occupational ex-
posures related to the study pregnancy. The men were
requested to give information on employment, occu-
pation, and workplace during the year of conception.
They were requested to describe their work tasks and
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potential changes in them in detail and the months of
changes during that year. This procedure was neces-
sary to certify the exposure situation for the spermato-
genesis period. A new questionnaire was mailed if
sufficient information was not obtained in the first one.
The men were also asked to report whether they had
handled any of the monitored solvents or other sol-
vents (eg, white spirit, petroleum benzine, thinner, ace-
tone). Almost 300 tradenames of different solvents
were reported by the study subjects. The chemical com-
position of the commercial products was checked from
the safety sheets or the Register of Safety Information
on Chemical Products. The frequency of the usage
(daily, 1—4 d a week, less than once a week) and ex-
posure to gases, vapors, dusts, fumes, other chemicals,
or radiation in the work was requested. Questions con-
cerning earlier employment, chronic diseases, smok-
ing, and alcohol consumption were also included.

The information on occupational and life-style ex-
posures during the first trimester of pregnancy was re-
quested from the wife. Questions were asked about
heavy lifting and acute febrile diseases. The pregnan-
cy history was also recorded. Only those couples who
reported the pregnancy found in the registers were in-
cluded in the analysis.

The man’s exposure was assessed for the time of the
calculated spermatogenesis (80 calendar days) preced-
ing the study pregnancy without the case-referent sta-
tus being known. The assessment was based on the oc-
cupation, job description, reported solvent or other
chemical usage, and biological monitoring data. The
likelihood of exposure was categorized as follows: un-
exposed, when the worker reported no exposure and
he was not monitored in the same job; potentially ex-
posed, if, according to the job description, solvent
usage was possible (eg, gluing), but no clear solvent
exposure was reported and no exposure measurement
had been conducted; /ikely exposed, when the job im-
plied solvent exposure and there were exposure mea-
surements from the same job or solvent exposure was
reported.

The quantity of the exposure was estimated on the
basis of the reported frequency of the use of solvents
and on the biological monitoring data, when availa-
ble. Only a few measurements had been conducted dur-
ing the time of spermatogenesis (17 measurements) or
during the preceding year (44 measurements). How-
ever, biological measurements of solvents illustrate the
exposure of very short time (the same or the previous
day). Thus exposure classification was mainly based
on the job description, and monitoring results sup-
ported the information. The exposure was defined as
“‘high/frequent’’ if the worker handled solvents daily
or if the biological measurements indicated clear oc-
cupational exposure (above the reference values for the
general population). The exposure was defined as “‘in-
termediate’” when the solvent was used 1—4 d a week
and the biological measurements indicated intermedi-
ate/low exposure. If solvent handling occurred more



rarely, the exposure was defined as “‘low/rare.”’ Fore-
men who did not take part in the manufacturing
process but were present in the work area fell into the
category below the one assigned to them on the basis
of the frequency of exposure. If the worker’s exposure
to solvents in general was likely, but no specific sol-
vent could be identified, he was placed into the cate-
gory “‘exposed to solvents in general’” in the final anal-
ysis. However, as regards the specific solvent varia-
ble, such a worker fell into the unexposed category.

Many workers reported exposure to a ‘‘thinner”’
without specifying the chemical composition of the
product. According to the safety sheets, thinners are
organic solvent mixtures which may contain xylene
and/or toluene and other organic solvents. Therefore,
reported thinner exposure was considered as likely in
the variable of miscellaneous solvents and potential in
the xylene and toluene variables. Exposure to other
toxic chemicals and carcinogens was assessed blindly
on the basis of the questionnaire information. A chem-
ical was defined as a carcinogen if classified as a hu-
man carcinogen (group 1), a probable human carcino-
gen (group 2A), or a potential human carcinogen
(group 2B) by the International Agency for Research
on Cancer (5).

The woman’s exposure was assessed similarly, but
on the basis of the questionnaire information only. The
lifting of heavy burdens during the first trimester of
the pregnancy was classified according to a score vari-
able over daily averages as follows: 5—9 kg =1 point
per lift, 10—19 kg =3 points per lift, and =20 kg=35
points per lift. The total score for the variable was ob-
tained by summing the scores of lifts at work and at
home.

With respect to spontaneous abortion the response
rate of the cases was higher than that of the referents
(136 of 172 or 79.1 % and 370 of 505 or 73.3 %,
respectively). Some variation was seen in the response

Table 2. Information used for classifying the solvent exposure.

rates in the subpopulations monitored for specific sol-
vents. Among the cases the response rate was 95—
74 %, and among the referents it was 85—70 %. The
final analysis included the matched case-referent sets
confirming the study pregnancy (120 cases and 251
referents) (table 1). The decrease in the numbers of the
final material was mostly due to nonresponse. If a case
did not respond, the three matched referents were also
excluded. If none of the referents for a case respond-
ed, the case was excluded. Only one referent was ex-
cluded because it was not possible to estimate the ex-
posure status due to insufficient information.

In the final material 61 % of the men held (during
the spermatogenesis period of the study) the same job
in which they had been biologically monitored for sol-
vent exposure. Some had changed jobs between the
measurement and conception, and some had started
to work with organic solvents after the study pregnan-
cy. The information used in the classification is
presented in detail in table 2. Exposure to organic sol-
vents was considered likely for 85 % of the cases and
73 % of the referents; 60 % of the cases and 45 %

Table 1. Formation of the final material in the study of spon-
taneous abortion.

Cases Referents Total
N % N % N %
Total population 172 100 505 100 677 100
Respondents
(% of total) 136 79.1 370 733 506 74.7

Reported the
pregnancy of interest
(% of respondents) 122 89.7 369 99.7 49

Final population for
the matched analysis
(% of respondents) 120

97.0

882 251 67.8 371 733

; ; Cases Referents
Biological Reported .
measurement? exposure? N % N % Blind assessment
+ + 77 755 136 748 Exposure likely
+ - 1 1.0 1 0.5
- + 22 215 44 24.2
- - 2 20 1 0.5
Total 102 100 182 100
+ + 1 25.0 2 13.3 Potentially exposed
+ = 2 13.3
- + 1 25.0 3 20.0
- — 2 50.0 5 334
_ 2 3 20.0
Total 4 100 15 100
+ + 1 71 1 1.9 Unexposed
+ - 1 7.1 1 1.9
- - 10 715 50 925
- ? 2 14.3 2 3.7
Total 14 100 54 100
2 + —yes, — =no, ? =uncertain information.
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of the referents fell into the high/frequent exposure
category.

As an illustration of exposure to multiple solvents,
three solvents have been presented in figure 1. In the
high/frequent exposure category there were 97 men ex-
posed to toluene, xylene, or miscellaneous solvents.
Only 25 % (14 of 57) of the toluene-exposed men, 23 %

Xylene n

Miscellaneous
solvents

Toluene

Figure 1. Schematic diagram of exposure to three different sol-
vents at the high/frequent level.

(11 of 48) of the xylene-exposed men, and 34 % (23
of 68) of the workers exposed to miscellaneous solvents
were exposed to these solvents alone. Other workers
were exposed to combinations of these three solvents,
28 % (27 of 97) being exposed to all three solvents.
Actually, the workers were also exposed to solvents
other than the ones mentioned, and therefore a com-
plex multiexposure situation was indicated for the
workplaces.

The response rate in the congenital malformation
part of the study was similar for the cases (25 of 33
or 75.8 %) and the referents (126 of 168 or 75.0 ).
All the respondents confirmed the study pregnancy.
After the matching procedures, 25 cases and 96 refer-
ents remained in the final analysis. Paternal exposure
to organic solvents was present in 72 % of the cases
and 73 % of the referents. No case mother reported
exposure to organic solvents.

The odds ratios of the medically recognized spon-
taneous abortions for the exposures of the male work-
ers and their wives were estimated with the logistic
regression model for individually matched data based
on the conditional likelihood function. The statistical
significance for separate variables was evaluated by
comparing the respective standardized regression
coefficients with a normal distribution (15).

Table 3. Odds ratio (OR) of spontaneous abortion for individuai risk indicators — conditional logistic regression models, con-

founders not controlled. (95 % C! =95 % confidence interval)

Risk indicator Cases Referents OR 95 % CI
Paternal exposure
Organic solvents 103 182 2.7 1.3—56"*
Aromatic hydrocarbons? 77 135 1.6 1.0—-2.4
Styrene? 37 66 1.3 0.8—2.1
Toluene? 48 83 1.5 09—-25
Xylene? 37 61 1.8 1.1—3.2"
Halogenated hydrocarbons? 31 61 1.1 0.6—1.8
Tetrachloroethylene? 4 17 0.5 0.2—15
Trichloroethylene? 17 35 1.0 0.6—2.0
1,1,1-Trichloroethane 7 16 0.9 0.3—23
Aliphatic hydrocarbons 43 75 1.5 0.9—25
Acetone 33 68 1.0 0.6—1.7
Miscellaneous organic solvents
(including thinners) 50 77 1.7 1.1—26"
Other chemicals 27 64 0.8 05—15
Carcinogens 55 99 1.3 0.9—2.1
Dusts 88 160 23 1.2—4.3*"
Smoking 56 143 0.6 0.4~1.0"
Alcohol 100 211 0.9 0.5—1.6
Maternal exposure
Organic solvents inl 18 1.4 0.6—3.0
Smoking 24 48 1.1 06—20
Alcohol 37 84 0.9 06—15
Previous spontaneous abortions 20 22 2.0 1.0—-3.7*
Heavy lifting (at work and at home) 68 110 1.7 1.1—-2.7"

a Each of these models included a variable for potential exposure of the same solvent.

* P<0.05, ** P<0.01.
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Results

Spontaneous abortion

In the analysis, in which confounders were not con-
trolled, likely paternal exposure to organic solvents sig-
nificantly increased the odds ratio (OR) of spontane-
ous abortion (OR 2.7) (table 3). For aromatic
hydrocarbons the odds ratio was increased at a bor-
derline level of significance (OR 1.6). The odds ratios
were significantly increased for xylene (OR 1.8), for
the miscellaneous organic solvents, which included
thinners (OR 1.7), and for exposure to dusts (OR 2.3).
Paternal smoking and alcohol consumption had odds
ratios below unity.

Of the maternal variables only heavy lifting (at home
and at work combined) (OR 1.7) and the history of
previous spontaneous abortion (OR 2.0) gave signifi-
cantly increased odds ratios. The maternal exposure
to organic solvents did not increase the odds ratio
(OR 1.4) of spontaneous abortion significantly, nei-
ther did maternal smoking or alcohol consumption.

The odds ratio of paternal solvent exposure in gener-
al, adjusted for potential confounders (paternal ex-

posure to dusts, maternal exposure to organic solvents,
heavy lifting, and previous spontaneous abortion) was
significantly increased (OR 2.3) (table 4). Maternal
lifting also increased the odds ratio significantly (OR
1.7). The odds ratio for dust exposure was not signifi-
cantly increased when the confounders were controlled.

Table 4. Odds ratio (OR) of spontaneous abortions for pater-
nal solvent exposure — logistic regression analysis.? (95 %
Cl =95 % confidence interval)

Variable Cases Referents OR 95% Cl
Paternal exposure
Organic solvents 103 182 23 1.1-—-5.0"
Dusts 88 160 1.4 0.7—26
Maternal exposure
Organic solvents 1 18 1.2 0.5—-27
Heavy lifting (all) 68 110 1.7 1.0—2.8*
Previous sponta-
neous abortion 20 22 1.7 0.9—3.4

2 The model also included variables controlling missing infor-
mation and potential solvent exposure.
* P<0.05.

Table 5. Odds ratio (OR) of spontaneous abortion for likely paternal exposure to specific solvents according to exposure class
— matched logistic regression analysis. (95 % C1=95 % confidence interval)

Exposure Cases Referents OR? 95% ClI
Organic solvents in general
Low/rare 14 20 2.8 1.0—7.9*
Intermediate 17 44 1.8 0.7—4.6
High/frequent 72 114 2.6 1.2—5.9*
Aromatic hydrocarbons
Low/rare 13 16 21 0.8—5.6
Intermediate 16 44 09 04—21
High/frequent 46 72 15 0.7—3.1
Styrene
Low/rare 6 9 1.0 0.3—3.1
Intermediate 12 21 0.9 0.4—2.1
High/frequent 17 36 0.7 04—15
Toluene
Low/rare 1 24 0.9 04—22
Intermediate 9 27 0.7 0.3—1.7
High/frequent 28 29 23 1.1—4.7"
Xylene
Low/rare 7 13 1.2 0.4—33
Intermediate 11 19 1.7 0.7—4.2
High/frequent 19 29 1.6 0.8—3.2
Halogenated hydrocarbons
Low/rare 14 23 1.1 05—26
Intermediate 9 18 13 0.5—3.1
High/frequent 6 19 038 03—2.2
Aliphatic hydrocarbons
Low/rare 10 25 0.7 03—1.9
Intermediate 13 17 1.6 0.7—4.0
High/frequent 20 33 1.3 06—26
Miscellaneous organic solvents
(including thinners)
Low/rare 9 21 0.9 0.4—-25
Intermediate 8 18 1.1 0.4—3.0
Highl/frequent 32 36 21 1.1-3.9*

2 Odds ratios for individual organic solvents, controlled for potential paternal exposure to the same solvent, likely paternal
exposure to other organic solvents and dusts, maternal exposure to solvents, maternal heavy lifting {(al!), and history of previ-

ous spontaneous abortion.
* P<0.05.
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Table 6. Odds ratio (OR) of spontaneous abortion in relation to paternal solvent exposure, maternal lifting of heavy burdens,
and history of previous spontaneous abortion by the length of the case pregnancy — univariate analysis. (95 % Cl =95 % confi-

dence interval)

Length of the case pregnancy

Length of the pregnancy

Effect variable 6—10 weeks 11—26 weeks
OR 95 % ClI OR 95 % ClI
Paternal solvent exposure 2.4 0.9—6.5 22 0.9—5.3
Maternal heavy lifting? 2.8 1.4—-58"" 0.9 0.4—19
Score 5—29 4.0 1.7—94** 05 0.2—1.4
Score =30 2.0 0.8—4.7 15 06—3.6
Previous spontaneous abortion 4.4 1.5—126"" 0.9 0.2—35

2 See the Subjects and Methods section for an explanation of the scoring system.

** P<0.01.

Table 7. Adjusted odds ratio (OR) of spontaneous abortion by
paternal occupation — matched multivariate analysis.? (95 %
Cl =95 % confidence interval)

Paternal occupation

o,
(exposed to solvents) Cases Referents OR 95 % Cli
Painter 35 46 33 16—6.8""*
Woodworker 10 8 3.8 1.2—11.9*
Plastic worker 21 44 1.9 0.9—4.3
Metal worker 10 34 1.3 05—35
Other occupation 24 49 20 0.9—43

2 The model contained the previous spontaneous abortion and mater-
nal heavy lifting (at work and at home) as potential confounding factors.
* P<0.05, *** P<0.001.

Aro Misc Al

N of observations

3 N of observations

- + +
+ = +
+ + =
+ + + 20
{%)15 10 5 0 5 10 15 (%)

% of all cases % of all referents

Figure 2. Diagram of the combinations of solvents reported
by the painters. (Aro = aromatic, Misc = miscellaneous, Ali =
aliphatic or halogenated hydrocarbons)

Low/rare and high/frequent exposure to organic sol-
vents and high/frequent exposure to toluene or mis-
cellaneous organic solvents had significantly increased
odds ratios (table 5). The odds ratios for styrene, ace-
tone, and halogenated hydrocarbons were below or at
unity. For xylene and aliphatic hydrocarbons the odds
ratio of the intermediate and high/frequent exposure
classes were above unity, but the results did not have
statistical significance. In the group of aromatic
hydrocarbons the odds ratio was nonsignificantly in-
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creased in the low/rare and high/frequent exposure
classes. The age of the husband or the wife did not
relate to the risk of paternal solvent exposure in the
interaction model. The proportion of solvent-exposed
workers remained unchanged over the study period of
1973—1983. The odds ratio of spontaneous abortion
for solvent exposure was slightly greater for the latter
half of the study period than for the earlier half, but
the difference was not statistically significant.

Lifting heavy burdens increased the odds ratio of
early spontaneous abortion (<10 weeks) more than
that of the later spontaneous abortions (=11 weeks)
(table 6). In the interaction model the difference was
statistically significant (P =0.03). In the pregnancies
lasting <10 weeks no dose-response effect was seen
for heavy lifting when the lifting score variable was
used. Although the history of previous spontaneous
abortion was associated with early abortion (<10
weeks), the difference was not significant in the inter-
action model (P =0.07). The length of the pregnancy
did not influence the odds ratio for paternal solvent
exposure.

In the analysis by occupation the wives of the
painters and wood workers (eg, carpenters in construc-
tion, the furniture industry, and the boat industry) had
significantly increased odds ratios for spontaneous
abortion (table 7). Multiexposure to many solvents or
solvent mixtures was common to the study subjects.
Many combinations of organic solvents were reported
by the painters (figure 2); aromatic hydrocarbons in
combination with miscellaneous organic solvents
seemed to be responsible for the increased risk of spon-
taneous abortion.

Congenital malformations

In the multivariate analysis, in which paternal exposure
to dusts and maternal febrile diseases in the first tri-
mester of the pregnancy were considered potential con-
founders, paternal exposure to organic solvents was
not associated with congenital malformations of the
child, either when the whole material was included
[OR 0.6, 95 % confidence interval (95 CI) 0.2—2.0]
or when luxations of the hip (N=7) were excluded



(OR 1.0, 95 % CI 0.2—4.5). For the restricted mate-
rial (luxations of the hip excluded) the odds ratio was
slightly increased for toluene (OR 1.5, 95 % CI
0.4—5.4), xylene (OR 1.6, 95 % CI 0.4—5.7), and mis-
cellaneous organic solvents (OR 2.0, 95 % CI
0.6—6.1), but none of these findings reached statisti-
cal significance.

Discussion

In this study paternal exposure to organic solvents in
general, and to toluene and miscellaneous organic sol-
vents in particular, increased the odds ratio for spon-
taneous abortion. For xylene the increase was not sig-
nificant. However, many workers were exposed to mul-
tiple solvents (see figure 1), and it may be oversimpli-
fied to ascribe risk to a single solvent. For the groups
of halogenated and aliphatic hydrocarbons, and for
individual solvents like acetone and styrene, no in-
creased risk of spontaneous abortion was found. No
significant association with congenital malformations
was found, but, because of the small number of cases,
no firm conclusions can be drawn.

Exposure to toluene and miscellaneous solvents had
a significant effect on spontaneous abortion only when
the exposure was high/frequent. The dose-response
relationship increased the credibility of the results.
However, the odds ratio for aromatic hydrocarbons
did not follow the exposure levels in a dose-related
manner. Styrene may partially explain this finding since
the odds ratios for it were low and there were several
styrene-exposed men in the material.

In this study, information on the pregnancy outcome
can be considered reasonably reliable since register-
based data on spontaneous abortions and congenital
malformations were used (13, 14). The pregnancies
were also confirmed by the study persons. The con-
firmation rate for spontaneous abortion (89.7 %) was
fairly similar to that found for nurses (90.6 %) and
better than that of laundry workers and solvent-ex-
posed female workers (78.4 and 74.1, respectively).
(Reviewed in reference 13.) The cases of our study
responded slightly more actively than the referents, but
the difference was rather small.

Response bias in investigations using the present de-
sign to study paternal effects is not very likely. The
decrease in the numbers of cases and referents in the
final material for analysis was due to the matching
procedures, ie, only units formed by a case and one
to five referents were accepted. If in one unit the case
did not participate, all of its referents were excluded,
and vice versa. If no referent of a case responded, the
case was excluded. Only one referent was excluded be-
cause exposure estimation was not possible on the ba-
sis of the available information.

In only a few earlier studies on male reproduction
have biological monitoring results been used in ex-

posure assessment. More often occupational codes
from census data, company records, or birth certifi-
cates have been used. (Reviewed in reference 16.) In
our study the qualitative assessment of exposure to or-
ganic solvents was, in our opinion reliable, since bio-
logical monitoring results were available for 75 % of
both the cases and the referents assessed as exposed
to organic solvents in the spontaneous abortion part
of the study. The employer for the time of the studied
spermatogenesis was listed in many cases in the labora-
tory log books. Thus, it was possible to confirm the
reported data on the employment through the use of
the independent laboratory data. The blind exposure
assessment of the unmonitored exposures also reduced
the possibility of selective misclassification. A nonselec-
tive misclassification cannot be totally excluded how-
ever; if present, it would shift the results towards unity.

Because of the high prevalence of solvent exposure
among the study population, the statistical power to
discover risk associated with exposure was rather high
in the final study material for spontaneous abortion.
The probability of detecting a twofold risk was 73 %,
and that of detecting a 1.5-fold risk was 34 % with
alpha equal to 0.05. Yet the small number of unex-
posed cases was disadvantageous for the study and hin-
dered many of the relevant comparisons. In epidemi-
ologic studies in which multiple comparisons are made,
some statistically significant positive findings are ex-
pected purely due to chance. Several comparisons were
made also in this study, and some of the significant
associations might be due to chance.

An association between paternal exposures and
spontaneous abortion has been suggested for exposure
to anesthetic gases, chlorophrene, vinyl chloride
monomer, dibromochloropropane, lead, and metallur-
gical factory exposures. (Reviewed in reference 17.)
Some studies have shown contradictory results, and
none have been conclusive. Although exposure to or-
ganic solvents in the work environment is common,
we have not found earlier reports on the potential
effects of paternal solvent exposure on spontaneous
abortion. Increased risk of fathering a child with con-
genital malformation has been connected with pater-
nal occupations in which organic solvent exposure is
likely (painters and workers in the printing industry),
but neither of these studies were conclusive. (Reviewed
in reference 18.) In a Danish study in which the oc-
cupational particulars came from birth certificates,
painters had a 4.9 times higher risk of fathering a child
with a malformation of the central nervous system than
other men (4). In our study there were no malforma-
tions of the central nervous system among the cases.

Exposure to organic solvents in industrial work is
common. In Finland about 40 % of the men working
in industry are exposed (19). Therefore, measures to
decrease the exposure should be considered already on
the basis of existing knowledge. These results remind
us of the need to protect men, as well as women, from
hazardous occupational exposures.
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