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Objective: To determine whether there is an association between abnormal semen parameters and occug
tional exposures to organic solvents, metals, and pesticides.

Design: Case-control study using three case groups based on different cutoff values for semen parameters a
one standard reference group.

Setting: University Hospital Utrecht and University Hospital Rotterdam, the Netherlands.
Patient(s): Male partners of couples having their first consultation at the two infertility clinics 899).

Intervention(s): Men provided at least one semen sample. Occupational exposure was assessed with use
job-specific questionnaires, a job exposure matrix, and measurements of metals and metabolites of solvents
urine.

Main Outcome Measure(s): Standard clinical semen analyses were used to define case groups and controls

Result(s): An association between aromatic solvents and reduced semen quality was demonstrated, irrespe
tive of the exposure assessment method used. The associations were stronger if the case definition was ba
on stricter cutoff values for semen parameters. Risk estimates were higher if the analysis was restricted |
primary infertile men. Exposure to other pollutants at the workplace was not associated with impaired seme

quality.
Conclusion(s): The findings indicated an association between aromatic solvent exposure and impaired seme
parameters. (Fertil Stefil1999;71:690—6. ©1999 by American Society for Reproductive Medicine.)
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Approximately 15% of all couples trying to as risk factors for male infertility (2). So far,
achieve pregnancy have problems with theirhowever, no chemicals have been associated
reproductive function. A male factor is in- with effects as strong as those of DBCP. Re-
volved in approximately half of these couples productive toxicity has not been established for
(2). In a considerable number of men with the vast majority of chemical agents to which
abnormal semen characteristics, the etiology ispeople are exposed.
unexplained (1) and may involve unknown en-

vironmental or occupational factors. The abil- . . . )
in surveys among working populations using

ity to treat male factor infertility using new . .

. . . %emen analysis to evaluate reproductive func-
assisted reproduction techniques has generate S . .

) o . ) tion. The participation rate in these studies was
insufficient interest in better understanding the

. . . . - often extremely low, typically 25%-50%, thus
underlying etiologies of male infertility and compromising);he val)i/é)ity oi‘lthese studies by
possibilities for prevention (1).

the possibility of selection bias (2). Alterna-

A few specific occupational exposures, suchtively, infertility clients have been used to in-
as the nematocide dibromochloropropanevestigate the role of occupational factors in
(DBCP) and lead, have long been recognizedmale fertility (3—9). These studies allow the

Semen quality has been studied most often



evaluation of semen analyses at a high response rate. HoQuestionnaires and Exposure Assessment

ever, the collection of exposure information has typically Information was collected in several stages. Before the
been limited to a few generic questions. The use of suchisit to the infertility clinic, subjects were asked to fill in a
crude methods can result in an unacceptable degree of migeneric questionnaire about sociodemographic characteris-
classification of exposure and underestimation of the relatics, lifestyle habits, information concerning previous infer-
tionship between exposure and semen quality or quantitytility consultation, time elapsed in trying to conceive, and
Thus, lack of association in studies using crude measures efetails of their occupational history. Furthermore, men were
exposure cannot be interpreted as lack of effect (10). designated as having either primary or secondary infertility

The purpose of this study was to investigate association@" the basis of whether they had fathered a child before the
between exposure to organic solvents, metals, and pesticidé§e of hospital contact. The information about job charac-
in the work environment and semen characteristics of maléeristics was used to classify subjects a priori as occupation-
partners of infertile couples visiting two infertility clinics in ally nonexposed or potentially exposed to organic solvents,
the Netherlands. The obvious need to reduce exposure mi§l€tals, or pesticides.
classification led us to ascertain detailed exposure profiles by Those classified as potentially exposed were asked to fill
means of job-specific questionnaires about activities assocjy 5 second, job-specific questionnaire, which was a modi-
ated with the individual’'s work setting. In addition, postshift fieq version of the questionnaires developed by Blatter et al.
urine samples were collected, and metabolites of spgmflglz)_ For subjects who refused to fill in a job-specific ques-
solvents and urinary metal levels were used as an add't'onﬁbnnaire, the exposure assessment was based on generic

measure of exposure. questionnaire information. Each job-specific questionnaire

elicits detailed information on occupational tasks performed,

MATERIALS AND METHODS products handled, handling technologies, and frequency of
activities.

Selection of Subjects and Semen Analysis . . . - -
The study population comprised the males from couples Those subjects |.nvolved in metgl grinding or pohshmg,
having their first consultation at two infertility clinics in the welding, flame CU“'”Q' a”‘?' soIdermg were.conS|dere.d.ex—
Netherlands between May 1995 and September 1996. W%osed to metals._SubJects involved in spraying (_)f pesticides
obtained approval from the institutional review board of both©" "égularly working on treated crops were considered to be
university hospitals. The total number of male subjects whd>XP0Sed o pesticides. When subjects indicated pesticide
were asked to participate in this study was 1,536, of whongxposure according to the job_—s_pecmc guestionnaire, details
1,152 (75%) agreed. Subjects who did not provide a semefi°C€MIng the type of pesticides were collected subse-
sample or those with a pathology unlikely to be caused byiuently by means of a short telephone interview. The inter-
occupational exposures were excluded from the study: mali€Wer prompted the subjects to give this information by
descended testes, history of vasectomy or vasovasotom)@Ming specific trade names anticipated to be present in a

history of chemotherapy, radiation therapy, infections, enParticular agricultural setting.
docrine hypogonadism, and sexual dysfunction. A total of A large number of products and occupational tasks were
899 men were included in the study and delivered a semefegarded to result in solvent exposure, e.g., handling of

specimen. paints or lacquers, adhesives, degreasers, printing inks, and

Semen evaluations in both laboratories followed exactlyaboratory solvents. Organic solvent exposure occurred rel-
the same procedures as defined by the World Health Orgddtively often among subjects in this population and was,
nization (11). Both laboratories are coordinating a |argetherefore, evaluated in more detail. In a case-by-case evalu-
multicentric quality control study among Dutch infertility ation, exposure to organic solvents in general and exposure
clinics to enhance the standardization of techniques. Subjectg specific classes of solvents (aromatic, aliphatic, oxygen-
provided a semen sample after an abstinence period betwe@fed, and halogenated solvents) was scored on an ordinal
2 and 7 days. three-point scale (i.e., high, moderate, and low or nonex-

Three different case definitions were used: [1] a Ienienfosed)' Subjects classified as highly or moderately exposed

o ) . 0 solvents were considered to be exposed.
case definition included all subjects with a sperm concentra-

tion <20 X 10°/mL, <50% motile sperm, 0&14% normal An independent assessment of the exposure to solvents
forms (Cases A), [2] a stricter case definition included allwas also made using a job exposure matrix (13). A job
subjects with a sperm concentratietb X 10°mL, <10%  exposure matrix can be regarded as a cross-classification of
motile sperm, or<5% normal forms (Cases B), [3] a rigid job titles and exposures developed by a team of experts (e.g.,
case definition comprised of individuals with azoospermiachemists or industrial hygienists) that allows exposure to be
(Cases C). The reference group comprised subjects with assessed on the basis of the job title. To reduce exposure
sperm concentration 020 X 10°/mL, =50% motile  misclassification, only subjects classified by this job expo-
sperm, and=14% normal forms. sure matrix as highly exposed were considered to be exposed.

FERTILITY & STERILITY @ 691



Selected characteristics of cases and controls: the Netherlands, 1995-1996.

Percentage of total population with Percentage of primary infertile men with
indicated characteristic indicated characteristic
Cases A* Cases B Cases ¢ Controls Cases A* Cases B Cases ¢ Controls

Characteristic (n = 692) (n = 267) (n = 61) (n = 207) (n = 542) (n = 204) (n = 49) (n = 156)
Age of woman (y)

=30 49.4 55.0 62.3 44.0 55.6 62.7 65.3 50.0

31-35 37.0 34.1 26.2 39.6 34.1 30.9 26.5 36.5

=36 13.6 10.9 115 16.4 10.3 6.4 8.2 13.5
Education

High school or less 47.0 49.1 50.8 46.4 45.9 47.1 449 48.7

More than high school 53.0 50.9 49.2 53.6 54.1 52.9 55.1 51.3
Previous infertility consultation

None/general practitioner 66.5 65.2 68.9 67.6 65.5 61.8 63.3 65.4

Infertility clinic 33.5 34.8 31.1 324 34.5 38.2 36.7 34.6
Occupation

Unemployed 8.7 8.6 9.8 3.4 7.2 7.4 6.1 3.2

Not exposed 67.7 67.8 68.9 72.0 68.1 66.1 67.4 72.4

Potentially exposed 23.6 23.6 21.3 24.6 24.7 26.5 26.5 24.4

* Concentration 0f<20 X 10°%/mL or motility of <50% or morphology 0t 14%.
T Concentration o&5 X 10°/mL or motility of <10% or morphology 0f&5%.
* Azoospermia.

Urine Measurements Zeeman background correction (17-19). Urinary zinc levels
Irrespective of fertility status, 151 subjects who filled in a were analyzed with use of atomic absorption spectrometry
job-specific questionnaire were selected to deliver a uringPerkin Elmer 3100) with deuterium background correction
sample at the end of a working day. To maximize exposur¢20). Metal levels were expressed in relation to creatinine
to organic solvents and metals in this subgroup, we randomlievels.
sampled a large proportion of the subjects with potentialgiatistical Analysis
exposure and a smaller proportion of those who had low  agjysted odds ratios (ORs) and 95% confidence intervals
exposure or were nonexposed according to the job-specifigso, cis) were calculated by means of logistic regression
questionnaire information. A total of 99 cases (86%) and 27n5)ysis. First, we analyzed the data using lenient criteria to
controls (75%) agreed to deliver a urine sample. define cases (Cases A). Subjects were separated into exposec
All urine samples were analyzed by reversed phase highand nonexposed categories for the various chemical agents.
performance liquid chromatography (HPLC) for hippuric Subjects exposed to a particular agent were compared with
acid (a metabolite of toluene) and methylhippuric acid (adll other subjects not exposed to that specific agent. Separate
metabolite of xylene). Analyses of methoxyacetic acid (aanalyses were made for the total study population, for pri-
metabolite of ethylene glycol monomethyl ether), ethoxy-mary infertile men, and for primary infertile men who had
acetic acid (a metabolite of ethylene glycol monoethylnever put their reproductive capability to a test or were
ether), and butoxyacetic acid (a metabolite of ethylene glycofeferred by a general practitioner.
monobutyl ether) in urine were performed by gas chroma- Subsequently, we selected variables with sufficient num-
tography (14). Trichloroacetic acid and trichloroethanol (me-bers of exposed subjects for in-depth analyses, using stricter
tabolites of trichloroethylene) were analyzed colorimetri-cutoff values for semen parameters (Cases B and C). Me-
cally according to the method of Tanaka et al. (15). Thetabolites of solvents were used as independent indices of
creatinine content of all urine samples was determined witlexposure in logistic regression models. Mean urinary metal
use of the Jaffenethod. For hippuric acid, a cutoff point of |evels were compared between cases and controls by one-
1.5 g/g creatinine was chosen to discriminate between occwyvay analysis of variance. The logarithms of urinary metal
pationally exposed and nonexposed subjects (16). levels were used in the analyses and back-transformed val-

Metal levels were determined in postshift urine sampled/€S Were presented.

from 69 cases and 20 controls. Levels of nickel, chromium,
cadmium, and manganese were determined with use of RESULTS
atomic absorption spectrometry (Perkin Elmer 5100) with Table 1 presents some of the demographic characteristics
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Risk of abnormal semen parameters according to various categories of occupational exposure as assessed by
questionnaires.

Total population Primary infertile men
No. of exposed patients No. of exposed patients
Exposure in case group A* OR 95% ClI in case group A* OR 95% ClI
Aggregate of all exposures below 120 1.10 0.71-1.69 104 1.23 0.76-1.99
Organic solvents 82 0.98 0.60-1.59 72 1.15 0.66-1.99
Aromatic 55 1.27 0.67-2.40 49 1.92 0.88-4.19
Aliphatic 67 1.07 0.62-1.85 59 1.32 0.71-2.48
Oxygenated 67 1.12 0.64-1.94 59 1.38 0.73-2.60
Halogenated 7 2.04 0.25-16.80 6 1.60 0.19-13.51
Metal exposure 49 1.02 0.55-1.90 42 1.09 0.54-2.19
Welding fumes 33 1.09 0.51-2.34 28 1.37 0.55-3.39
Stainless steel 13 0.53 0.21-1.37 11 0.62 0.21-1.84
Nonstainless steel 20 3.05 0.70-13.21 17 5.04 0.66-38.29
Metallic dust 33 0.78 0.39-1.55 29 0.80 0.38-1.69
Stainless steel 18 0.65 0.28-1.54 16 0.64 0.26-1.60
Nonstainless steel 15 1.04 0.34-3.21 13 1.19 0.33-4.26
Soldering fumes 25 1.45 0.54-3.84 24 2.27 0.67-7.67
Pesticides 12 1.22 0.34-4.39 11 1.14 0.31-4.21
Herbicides 12 1.82 0.40-8.25 11 1.71 0.37-7.92
Fungicides 9 2.68 0.33-21.52 8 2.54 0.31-21.01
Insecticides 10 1.52 0.33-7.06 9 1.42 0.30-6.79

Note: OR = odds ratio; Cl= confidence interval.
* Case A= concentration 0k<20 X 10°%/mL or motility of <50% or morphology 0f14%.
T Adjusted for women’s age, education, and hospital.

of the different case groups and controls. Partners of controlsmatic solvent exposure assessed by different independent
were older than partners of men with poor semen qualitymethods are shown in Table 3. For primary infertile subjects,
Cases and controls were similar in other characteristics. Aisks were elevated clearly for subjects classified as exposed
total of 195 (91%) of the subjects completed the job-specifi@according to the job exposure matrix and job-specific ques-
questionnaires, with a similar participation rate for cases antionnaire approach, and risks increased when stricter cutoff
controls. values for semen quality and quantity were chosen. Com-
Exposure to organic solvents, metal fumes and dusts, arfing the exposure estimates of both methods yielded the
pesticides, or a combination of these exposures was n${|ghest.r|sk estlmateg. The .I’ISkS decreased when _the total
associated significantly with reduced semen quality in thd?OPulation was considered in the analyses. Such in-depth
total study population (Table 2). When the analysis wanalyses using dlfft_arent case definitions were not possible
restricted to primary infertile men, the risks were slightly for metal and pesticide exposure, because the exposure prev-
elevated compared with those of the total population. Arl€Nce was too low.
elevated risk was observed for aromatic solvents, although Table 4 shows results for urinary solvent metabolites as
the 95% Cl included unity (OR= 1.92; 95% CI: 0.88-4.19; independent exposure variables. In 18 cases (18%) and 1
P = .10). control (3.7%) organic solvent metabolites could be detected
In an alternative analysis with subjects classified as extOR = 7.04; 95% CI: 0.83-59.87P = .07). In most
posed to aliphatic or oxygenated solvents but not to aromatigositive urine samples, hippuric acid or methylhippuric acid
solvents, no excess risks were shown. Among primary inwas detected. Metabolites of ethylene glycol monomethyl
fertile subjects, a dose response was present for aromatf$her, ethylene glycol monobutyl ether, and trichloroethyl-
solvents. The OR was 1.61 (95% CI: 0.69-3.74) for mod-€ne could each be found in one urine sample. Metabolites of
erate exposure and 4.05 (95% Cl: 0.52-31.37) for higtethylene glycol monoethyl ether could not be detected at all.
exposure P for trend = 0.07). Restricting the population  ¢assifying as exposed only subjects positive for hippuric

further to _primary ir_nfertile couples who had never put their 54 and methylhippuric acid resulted in 17 (17%) exposed
reproductive capability to a test or were referred by a generglqag and 1 (3.7%) exposed control (GR6.80; 95% CI:

practitioner did not yield different results. 0.79-58.44P = .08). Risks for solvent exposure based on
Risks of abnormal semen parameters associated with aquestionnaire information among subjects who delivered a
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Associations of aromatic solvents as assessed by questionnaires and/or job exposure matrix with abnormal semen
parameters using different case definitions.

No. of exposed subjects in
indicated case groups Odds ratios based on different case groups

OR® OR® OR®
Case A* CaselBB CaseC (CaseA) 95% Cl  (Case B) 95% CI  (Case C) 95% ClI

Total population

JEM 126 56 17 1.14 0.74-1.74 1.32 0.81-2.18 1.92 0.94-3.94
Questionnaires 55 27 7 1.27 0.67-2.40 1.49 0.73-3.03 1.83 0.67-5.01
JEM/questionnairés
Discordant 111 47 16 1.03 0.67-1.61 1.18 0.71-1.97 1.99 0.95-4.18
Concordant 35 18 4 151 0.65-3.50 1.88 0.75-4.74 2.25 0.60-8.48
Subjects with primary infertility
JEM 106 43 16 1.40 0.85-2.31 1.58 0.88-2.83 3.37 1.47-7.70
Questionnaires 49 25 7 1.92 0.88-4.19 2.59 1.11-6.08 3.23 1.05-9.94
JEM/questionnairés
Discordant 95 36 15 1.18 0.72-1.94 1.25 0.70-2.24 3.20 1.38-7.43
Concordant 30 16 4 3.22 0.96-10.86 4.81 1.32-17.54 7.26 1.41-37.54

Note: JEM = job exposure matrix; OR= odds ratio; Cl= confidence interval.

* Case A= concentration 020 X 10°%mL or motility of <50% or morphology 0f<14%.

T Case B= concentration o5 X 10%mL or motility of <10% or morphology 0&5%.

* Case C= azoospermia.

§ Adjusted for women’s age, education, and hospital.

I'Discordant: exposed according to JEM or job-specific questionnaires; Concordant: exposed according to JEM and job-specific questionnaires; sim

neously in one model.

urine sample (organic solvents: OR 0.92, aromatic sol- and controls (Table 5). On the basis of questionnaire infor-
vents: OR= 1.25) were similar to risks determined in the mation, 33 cases and 9 controls were exposed to metals,
total study population (see Table 2). Hence, bias resultingesulting in an OR of 1.28. Again, the risk is similar to that
from selective forces of participation in the subset of sub-obtained in the total study population (see Table 2), suggest-
jects delivering a urine sample is not likely. ing that selection bias is not present in the subset analyzed

Mean urinary metal levels did not differ between cased©r Urinary metal levels.

Smokers had significantly higher mean urinary cadmium
levels than nonsmokers (0.26 compared with 0d@g
TABLE 4
Associations of solvents as assessed by questionnaires _
and measurements in urine with abnormal semen

parameters among the subset of men delivering a postshift Mean urine levels (ug/g creatinine) of chromium, nickel,
urine sample. cadmium, manganese, and zinc for cases and controls.
No. of patients  No. of No. of patients No. of
in case group A* controls in case group A* controls
Exposure (n = 99) (n=27) OR  95% ClI Element (n = 69) (n = 20) P value'
Questionnaires Chromiunt 1.37 1.29 .75
Organic solvents 60 16 0.92 0.37-2.27 Nickel*s 1.53 1.35 42
Aromatic solvents 40 9 1.25 0.49-3.18 Cadmium 0.16 0.19 42
Measurements in urine Manganeske 0.52 0.56 .68
All metabolites 18 1 7.04 0.83-59.87 Zinc 297.77 272.65 .52
HA/MHA * 17 1 6.80 0.79-58.44 s (Case A = concentration 0f<20 x 10°%/mL or motility of <50% or
Note: Cl = confidence interval; OR= odds ratio. morphology of<14%.
*Case A = concentration of<20 X 10°mL or motility of <50% or " Determined byt-test (urinary metal levels in cases versus controls).
morphology of<14%. * Standardized for subjects of one hospital.
" Adjusted for women’s age, education, and hospital. 8 One value among cases was missing.
* Hippuric acid- and/or methylhippuric acid-positive subjects. I' Standardized for nonsmoking subjects of one hospital.
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creatinine,P = .02), andmean chromium levels were ulation, because metabolites of glycol ethers could be de-
higher among subjects exposed to stainless steel weldingcted only in a few urine samples. The findings of a recent
fumes than among other subjects (1.95 compared with 1.44tudy provide some support for an association between pa-
ng/g creatinineP = .08). However, no significant associ- ternal organic solvent exposure and an increase in time to
ations were found between other metal exposure variablgsregnancy (22). The increased risk could not be attributed to
and urinary metal levels. Metal levels in urine were rela-specific solvent classes. Finally, risk of spontaneous abor-
tively low, as indicated for instance by the fact that only fourtions was increased among wives of men occupationally
urine samples exceededug/g creatinine for chromium, and exposed to organic solvents in general or toluene in partic-
none of the urine samples exceedegh@qg creatinine for ular (23).

cadmium. The present study differs from most other case-control

studies on male infertility in that special effort was made to
DISCUSSION evaluate the occupational exposure in great detail. Question-
naires were designed specifically for a particular job and
This case-control study provides some evidence for amjirected at specific work practices related to chemical expo-
association between aromatic solvents and abnormal semefres. This approach is more sensitive than methods based
parameters. The risk estimates increased according to ¢h job titles or generic questionnaires, i.e., harmful occupa-
dose-response trend. Associations were stronger if casg®nal exposures are more likely to be identified by this
were defined according to stricter cutoff values for semempproach than by the less elaborate exposure assessment
parameters. The excess risk for aromatic solvents was sugnethods often used in reproductive epidemiology. Because
gested in the analyses using three independent exposubgas from random misclassification of exposure is reduced
assessment methods based on job-specific questionnairesiugther by combining two independent but imperfect assess-
job exposure matrix, and the determination of organic solments, the dual assessment of exposure according to the job
vent metabolites in postshift urine samples. As is often thesxposure matrix and job-specific questionnaires resulted in
case in community-based studies, the prevalence of mosfigher risk estimates.

e . 0
specific occupational exposures wa$%. Consequently, It is of interest that increased risk estimates also were

only exposure to solvents could be subjected to detaileg . .
: ound for urinary metabolites of solvents. Unfortunately,
analyses, and, thus, the power to determine other occupa-

tional risks was moderate to low in this stud including all subjects in the biomonitoring study was pro-
y hibitively expensive. All the postshift urine samples had to

Aromatic solvents are used extensively in industrial prod-e collected at home by a member of the research team
ucts, such as paints, varnishes, glues, metal degreasers, @wtause timing of sample collection is of paramount impor-
in many chemical processes. Depending on the differenfance when studying metabolites with a short half-life. The
exposure assessment methodologies that we used, 5%—136tential gain in precision from using biomarkers was, there-
of our control subjects were exposed to aromatic solvents. lore, offset by a decrease in study size resulting from this
is, therefore, likely that clinicians will see patients who arelabor-intensive approach. Hence, interpretation of the bio-
exposed occupationally to aromatic solvents in daily pracmonitoring results was difficult because of the reduced sta-
tice. A possible relation with spermatogenic disorders can béstical power to detect an association between exposure and
regarded to be of great public health importance based oabnormal semen parameters.

this widespread use of solvents. The measurements of solvent metabolites and metal lev-

Occupational exposure to other solvents may have corels in postshift urine samples can be regarded as a comple-
founded the association between aromatic solvents and seientary index of exposure. Measurements in urine provide
men parameters. Simultaneous exposure to multiple solvenisdependent information on both the quantitative and qual-
was common among the study subjects. However, subjecigative aspects of exposure experienced by the study subjects,
classified as exposed to oxygenated and aliphatic solventghich cannot be assessed by job-specific questionnaires. For
and not exposed to aromatic solvents were not at excess risikstance, urinary chromium levels among subjects exposed
Nonetheless, we cannot rule out the possibility that theo stainless steel welding fumes appeared to be relatively
excess risk in our study was due to correlations of aromatifow. It seems not unlikely, therefore, that the levels of metal
solvent exposure with some unknown occupational factorsexposure in this population were below the levels required to

Exposure to various organic solvents has been associat@icduce a detectable increase in risk.
with decreased semen parameters. An increased frequency of Identifying cases of male infertility within a clinical set-
reduced sperm count among workers exposed to glycding carries a risk for selection bias, because case ascertain-
ethers has been observed in field surveys (21) and in ment is incomplete. Not all couples with an infertility prob-
case-control study among patients from an infertility cliniclem seek medical help (24). If factors related to the decision
(5). However, the number of subjects exposed to these welto seek medical care also are related to occupational expo-
known reprotoxic glycol ethers is probably low in this pop- sures, this may result in etiologically irrelevant differences in
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exposure between infertile care-seeking cases and fertilgarameters, irrespective of the exposure assessment method
controls who did not seek medical assistance. Moreoversed.

selection patterns might differ across various treatments or

investigations; e.g., couples pursuing elaborate procedurd3eferences

such as IVF might not be comparable to couples seeking ant-
infertility workup. 2.

Consequently, to minimize the potential for selection bias 3.
we recruited both cases and controls from the same group of
couples having their first consultation. Unfortunately, the use 4.
of this design may have reduced the generalizability of the
study results. Subjects attending an infertility clinic might 5.
represent a more susceptible group, thus potentially influ-
encing the relation between occupational exposures and res.

productive response. -

The presence of selection bias cannot be ruled out com-
pletely because care-seeking behavior is not necessaril.
equal for different types of infertility. The direction and
magnitude of this bias, if present, is unpredictable. Nonethe-
less, the potential for selection bias is expected to be greater
for secondary infertile couples because the proportion ofo.
care seekers is lowest in this group (24). The higher risk
estimates found among primary infertile couples must be1.
given therefore greater credence than those of the total
population. An argument can be made for restricting thet2.
population further to primary infertile couples without pre-
vious detailed infertility workup because this population is
expected to be less vulnerable to selection bias. It was®
reassuring that this exclusion procedure had no substantive
effect on the results. 14.

The usefulness of our case-control design might be ham;g
pered by the large day-to-day variability of semen parame-
ters. This probably reduces the ability to discriminate be-16:
tween men with normal and abnormal semen parameters itv.
this study population because only one semen sample wag
available per subject. From this perspective, our approach
can be regarded as a conservative strategy that probably
attenuates risk estimates (25). Misclassification of subjects
according to fertility status could be reduced to some extenf,
by using stricter cutoff points to define cases. However, this
approach resulted in small case groups and was feasible only
for the analysis of relatively prevalent exposures, such as

organic solvents. 29

In conclusion, this study of patients from two infertility
clinics enabled us to evaluate the reprotoxic potential obs.
chemical exposures across a large industrial spectrum in the
Netherlands. The number of exposed subjects was low for
most substances; therefore, we cannot exclude the possibili&:
of small excess risks for most of the apparently negative
associations. Nevertheless, the results indicated an assocf&:
tion between aromatic solvent exposure and abnormal semen
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