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on the applicability of job exposure matrices
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Abstract
In a case-referent study on mental retardation
and parental occupation, the applicability of
job exposure matrices for the identification of
risk factors was evaluated. The parents of 306
mentally retarded children (cases) and 322
referents were interviewed about their occu-
pational activities in the pregnancy period.
Detailed occupational histories were obtained
that were compared with exposures generated
by two different job exposure matrices. The
agreement between interview and matrices
was low: the sensitivity ranged from 17-9% to
32-4% and the percentages of false positive
exposures from 66*7% to 96-0%. By means of
the interview, significantly increased odds
ratios (ORs) were found for exposure of the
mother in late pregnancy to radiation (OR =
9-3), mercury (OR = 8.7), organic solvents
(OR = 1.7), hair cosmetics and dyes (OR =
3.7), paint (OR = 2-7), hexachlorophenel
phenylphenol (OR = 3-1), antibiotics (OR =
2-9), and dust (OR = 2-2) and for working with
copying machines (OR = 3-0) or in occupa-
tions with poor climatological circumstances
and permanent contact with people. The last
was confirmed by the British matrix (OR =
1.7). Otherwise, most of the mentioned asso-
ciations were missed by the job exposure
matrices. Therefore, these matrices were not
considered to be applicable in this particular
study, nor in most other reproductive epi-
demiological studies in view of their general
properties and limitations.
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In occupational epidemiological studies, several
methods can be used to gather information about
exposure retrospectively.' Personal occupational
histories, either obtained by means of postal ques-
tionnaires or through face to face or telephone
interviews, may supply detailed information on all
exposure factors under study for each participant.
A serious disadvantage, however, is the presumed
occurrence of recall bias.2A Company registers
usually contain accurately recorded occupational
titles, but are incomplete for individual exposure.'
Job exposure matrices, finally, can be used to gen-
erate a list of (potential) occupational exposures for
each study subject when the occupational title and
industrial category are known.56 Several drawbacks
in the coding of occupations and in the classifica-
tion of exposures limit the applicability of these
matrices, however.57

In a case-referent study on mental retardation
and parental occupation, detailed information on
exposure was collected by means of personal inter-
views with the parents. Mental retardation is a
developmental defect of the central nervous system
with a prevalence of about 3% in school age
children; the causes include several genetic and
pre, peri, and postnatal factors.8 The interview
focused on the hypothesised exogenic risk factors
for mental retardation,9 10 such as parental exposure
to lead,""2 methylmercury,"3 14 alcohol and other
organic solvents,'° 15 and ionising radiation.'6 17

Other potentially hazardous occupational and non-
occupational exposures were also taken into
account. As a result of this study, several agents
could be indicated as possible occupational risk
factors for mental retardation in offspring.
As the personal interview is a time consuming

and expensive method for data collection on
occupational exposure, we were interested to find
out whether the same or even better results could
be obtained more efficiently. Therefore, we com-
pared the exposure data generated by a British5 and
an American6 job exposure matrix to those from
the personal interview with the parents, to evaluate
the accuracy of the matrices for identification of
risk factors for mental retardation. The applica-
bility of job exposure matrices for reproductive
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epidemiological studies in general was inferred
from the results of the present study.

Study population and methods
A case-referent study was conducted on 340 men-

tally retarded children with unknown aetiology
(cases) and 362 children with other congenital
handicaps, for which the cause was known (refer-
ents). Both groups were selected from the medical
files of children referred to the paediatric or child
neurology departments of the Nijmegen University
Hospital or to rehabilitation centres in the vicinity,
in the period from 1979 up to and including 1987.
The diagnoses of the cases included mental and
psychomotor retardation (International Classifica-
tion of Diseases (ICD) codes 317-319) with an IQ
< 80, according to the Dutch school criterion for
the mentally retarded. Thorough aetiological
examination in the past had not revealed a specific
cause for the retardation. Thus the pre, peri, and
neonatal development of the cases wa-s practically
uneventful and genetic or other disorders were

ruled out. The main diagnoses of the referents were
familial neuromuscular and metabolic disorders
(ICD 334-1, 335, and 359-1) and cerebral palsy
(ICD 343). Genetic factors (45A4%) and severe

complications at birth (41 6%), neither of which
were associated with the parental occupation, were
the predominant causes for the congenital defects
among the referents. To avoid information bias this
referent group was chosen for its comparability
with the case group on relevant characteristics,
such as the geographical area, the availability of
medical services, and the emotional impact that the
birth and upbringing of a handicapped child had on

the parents.

DATA COLLECTION THROUGH INTERVIEW
The parents of cases and referents were invited by
letter to participate in a personal interview about
the "critical period" that ranged from three months
preconception to six months postnatally for the

child of interest. The total period was subdivided
into five intervals according to the stages of devel-
opment (preconception period, pregnancy months
1-2, pregnancy months 3-5, pregnancy months
6-9, postnatal period). The interviews were per-

formed by two trained interviewers with a struc-
tured questionnaire. Firstly, a calendar was filled in
with outstanding events to focus the attention of
the parents on the critical period. Next, a detailed
occupational history was made for both parents for
each time interval, based on questions about occu-
pational title, industrial category, and physical
working environment, supplemented by industry
specific exposure checklists. These checklists
included all the chemical substances that were

possibly used in the particular industrial group to
which the respondent's job belonged.4 The inter-
view was completed with questions about the age
and education of the parents, occupational expo-
sure in the past, place of residence, smoking and
drinking habits, consumption of medical drugs, and
leisure time activities and exposures.

ANALYSES OF INTERVIEW INFORMATION
The data were coded by an occupational hygienist
who was blinded towards case or referent category,
and statistically analysed per time interval by means
of cross tabulation and logistic regression model-
ling. As effect measures, odds ratios (ORs) were

calculated with 90% confidence intervals (90%
CIs), because of the exploratory character of the
study. Where necessary, the ORs were adjusted for
confounding. To check for potential confounding
variables, the distributions of background and
anamnestic variables, lifestyle factors, and leisure
time activities were examined (table 1). The occu-

pational titles were grouped according to the classi-
fication of occupations of the International Labour
Office'8 and analysed with the unemployed parents
as reference category (table 2). Parents who had
been employed for at least two weeks in a certain
time interval were counted among the working
population for that interval. The unemployed

Table 1 Distnibution ofconfounding variables of the mother in the analyses of occupational exposures in different intervals
during the critical period

Intval
for correction Cases @lo) Referents (%)

Confounding variables of mother ofconfounding (n = 306) (n = 322)

Gravidity: primigravidae Total period 36-6 46-0
Complications during pregnancy Months 3-5 14-1 19-6
Premature birth (<38 wk) Months 6-9 12-1 25-8
Consumption of alcoholic drinks Months 3-9 39 3 31 4
Leisure time activities:

Cleaning of the house Total period 86-0 76-6
.Painting of the house Months 3-5 16-3 1 15
Working in the garden Total period 26-5 19-6
Outdoor (exhaust fumes) Total period 38-9 31-4
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Table 2 Associations between mental retardation and occupation of the mother in late pregnancy (months 6-9)

Occupation of mother Cases Referents OR OR,d* (90% CI)
in late pregnancy (N= 306) (N 315)

Occupationally employed 106 94 1-3 1-6 (1-2-2-2)
Health care workers 24 12 2-2 3-1 (1-6-5-8)

Nurses 19 7 3 0 4-2 (1-9-9-2)
Other medical workers 5 5 1.1 1-6 (0 5-4 9)

Educational workers 9 6 1-7 2-6 (1-0-6 5)
Clerical workers 23 22 1-2 1-8 (1-0-3 2)

Bookkeepers/cashiers 7 3 2-6 5-7 (1-6-20-1)
Other clerical workers 16 19 0 9 1-4 (0-7-2-6)

Sales workers 8 11 0-8 0 9 (0 4-2-0)
Service workers 17 19 1-0 1-2 (0-7-2 2)

Hairdressers 4 2 2-2 2-7 (0-6-11-5)
Housekeepers 11 11 1.1 1-5 (0-7-3-2)
Catering services 2 6 0 4 0 3 (0-1-1-4)

Agricultural workers 14 16 1-0 1-0 (0-5-2-0)
Industrial workers 11 8 1-5 1-8 (0-8-4-3)

Textile industry 7 4 1 9 2-7 (0-9-8 3)
Other industries 4 4 1.1 1-2 (0-3-4 0)

*Odds ratios adjusted for primigravidity, prematurity, alcohol consumption, and leisure time activities (cleaning at home, gardening,
outdoor activities)

parents were not considered to have been occupa-
tionally exposed; any exposure at home was record-
ed under leisure time exposure and treated as a
potential confounder. The occupational exposures
were analysed as dichotomous variables, contrast-
ing parents who had and who had not been
exposed to a particular factor according to the
interview. To avoid unstable estimates, substances
to which less than 1% of the population had been
exposed were excluded from the analyses; if
possible, clusters of exposures were used instead.

JOB EXPOSURE MATRICES
The information on occupational title and industri-
al category from the interviews was recoded accord-
ing to the British Registrar General's classifications
of occupations and industries for the British matrix5
and converted into a special five digit code used in
the American matrix.6 Exposures were generated
for each parent who had been employed in the criti-
cal period (308 mothers and 611 fathers). In the
British job exposure matrix, a distinction was made
between exposures before and after 1950; the last

were used in the present study. Forty nine exposure
categories were included in this matrix, but only 30
of these were comparable with (groups of) expo-
sures inquired about in the interview. Of the 367
exposure items in the American job exposure
matrix, 42 could be matched with the interview and
were taken into account in the analyses. A dichoto-
mous yes or no variable was created for each expo-
sure, irrespective of the level of exposure.

For each parent, the exposures generated by the
matrices were compared with the exposures report-
ed in the interview for the preconception period, in
which time interval the number of exposed parents
reached a maximum. As measures of agreement,
the number of concordant and discordant expo-
sures were calculated. These measures were then
averaged across the 308 mothers and 611 fathers
(table 3). Setting the interview as a gold standard,
the sensitivity and the percentage of false positive
exposures were also calculated for each matrix.
Furthermore, the exposures from the matrices were

analysed in the same way as the interview data for
each time interval in the critical period. The ORs

Table 3 Agreement between occupational exposures reported in the personal interview and those generated by the British and
American job exposure matnices 5 6

Average number ofexposures
British job exposure matrix American job exposure matrix
(30 matching exposures) (42 matching exposures)

Measures of agreement Mother Father Mother Father
between personal
interview and matrix (n = 308) (n = 611) (n = 308) (n = 611)

Concordant exposures:
Interview + /matrix + 0 3 1-0 0-2 1 1
Interview-/matrix- 27-2 24-7 35-8 32-9

Discordant exposures:
Interview + /matrix- 0 9 2-2 1-0 2-8
Interview-/matrix + 1-6 2-1 5-0 5-2

Sensitivity of matrix 26-8% 32-4% 17-9% 29-3%
False positive exposures 83-1% 66-7% 96-0% 82-0%
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were derived for all the agents in the British matrix
and for the 42 American exposure items that
matched the interview. The number of exposed
parents per exposure item and the ORs were com-
pared with the results from the personal interview.

Results
The parents of 306 cases and 322 referents partici-
pated in the study (overall response 89-5%). For
56&9% of the cases and 47-2% of the referents, both
parents were interviewed personally; in the other
events, the mother supplied information about the
father and the appropriate exposure checklists were
left for him to complete. The lag time between the
critical period and the interview varied from two to
25 years with an average lag time of 10-7 years.
Consistency checks showed that the quality and
completeness of the interview information was
satisfactory for most of the participants.

CONFOUNDING VARIABLES
The distributions of the potential confounding
variables are described in detail elsewhere.'9 For the
fathers, none of these variables acted as con-
founders. Table 1 lists the confounding variables
corrected for in the analyses of the mothers. Cases
and referents were comparable with respect to sex,
age, and education of the parents, place of resi-
dence, and housing conditions, but due to the
selection of the referent group some anamnestic
variables were preponderant among the referents.
Of these, only primigravidity proved to be a strong
confounder, as more primigravidae tend to have a
job than mothers with children. Also, adjustment
for complications during pregnancy (months 3-5)
and prematurity (months 6-9) was required, as
these factors could form a reason to stop working
early in pregnancy. Seven referent mothers who
had epilepsy were excluded from the analyses.
Among the lifestyle factors,'9 alcohol consump-

tion was significantly more prevalent in case
mothers and proved to be a confounder during the
fetal period (pregnancy months 3-5 and 6-9).
During each time interval, a significantly higher
proportion of case mothers were involved in clean-
ing at home, gardening, and outdoor activities in
which they inhaled exhaust fumes. These leisure
time activities were included in the further analyses
as confounding variables, as was painting at home
in pregnancy during months 3-5. Other leisure
time activities or exposures did not confound the
results.

OCCUPATIONAL TITLES
As an indication of the occupational distribution
among cases and referents, table 2 lists the mater-
nal occupations for the late pregnancy period

(months 6-9). During this interval, 34-6% of the
case mothers and 29-8% of the referent mothers
were still employed, as opposed to 47 0% and
50.3% preconception. Increased risks were found
for health care workers (OR = 3-1), educational
workers (OR = 2-6), bookkeepers/cashiers (OR =
5-7), hairdressers (OR = 2-7), and workers in the
textile industry (OR = 2 7). In the preconception
period and the first five months of pregnancy, the
same associations were seen but these were only
statistically significant for hairdressers (ORmonthd 3-5 =
4*3, 90% CI 1 1-16 7) and cashiers (OR,onth 3-,5 =
3*9, 90% CI 1-2-12-9). The number of women
who started working again after pregnancy was too
small to calculate ORs for the maternal occupation
in the postnatal period. No differences were found
in the occupational distribution of case and referent
fathers.

AGREEMENT BETWEEN INTERVIEW AND MATRICES
Table 3 shows the average number of concordant
and discordant exposures presented as measures of
agreement between the interview and job exposure
matrices. Most exposures were neither reported in
the interview, nor generated by the matrices (inter-
view-/matrix-). Only 9 3% and 17-7% of the expo-
sures scored positively in the interview or British
matrix for mothers and fathers respectively. These
figures were 14-8% and 21-7% for the American
matrix. The number of concordant exposures
(interview + /matrix + ) was small compared with
the discordant exposures. For instance, for the
fathers, the American matrix generated an average
of only one exposure in accordance with the inter-
view, whereas almost three self reported exposures
were missed and five extra exposures were given.
The large number of reported exposures that were
missed by the job exposure matrices (interview +
/matrix-) led to low sensitivities, varying from
17-9% for mothers in the American matrix to
32-4% for fathers in the British matrix. The
percentages of false positive exposures ranged from
66-7% to 96-0% due to the high frequency of
matrix exposures that were not reported by the
parents (interview-/matrix + ). On average, the
parents were exposed to twice as many agents
according to the matrices than were recorded
during the interview. These differences were
strongest for mothers in the American job exposure
matrix.

OCCUPATIONAL EXPOSURE OF THE MOTHER
Tables 4-6 summarise the results of the analyses
for the mothers for the late pregnancy period
(months 6-9). During this interval, the most pro-
nounced associations were found. No ORs were
calculated for agents to which less than 1% of the
population were exposed; if exposure was below
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Table 4 Associations between mental retardation and maternal occupational exposures in late pregnancy (months 6-9)
according to information gathered by means of a personal interview or generated by the British job exposure matrix5
(n = 49/matching exposures n = 30)

Occupational exposure Personal intewiew British job exposure matrix
of the mother in late
pregnancy (months 6-9) Cases Referents OR* (90% CI) Cases Referents OR* (90% CI)

Ionising radiation 10 5 2-2 (0-8-5-5)
Ultraviolet light - 6 6 1-3 (0-5-3 4)
Heat 32 24 1-7 (1-0-2-8) 3 9 0-3 (0-1-1 1)
Cold II 11 1-2 (0-6-2-5) 17 17 1-0 (0-6-1-9)
Lead (compounds) - 2 6 0 4 (0-1-1-7)
Mercury (compounds) 6 1 8-7 (1-4-53-3) 6 7 1-0 (0 4-2 7)
Arsenic (compounds)t 18 18 1.1 (0-6-1 9)
Organic solvents 27 19 1-7 (1-0-2 8)
Diesel fuel - 13 13 1-0 (0 5-2 0)
PAHs (skin contact) 4 5 1i1 (0-3-3 4)
Aromatic aminest 5 2 2-6 (0-6-10-5)
Chlorophenolst 12 12 1-0 (0 5-2-0)
Polychlorinated biphenylst 22 20 1-6 (0 9-2-8)
Nitratest 14 16 0 9 (0 5-1-7)
Formaldehyde 3 5 0-8 (0-2-2 8)
Ethylene oxide - 10 6 1-8 (08-45)
Paint/pigments/dyes 9 4 2-7 (1-0-7-5) 7 2 3-9 (1-0-15-1)
Printing inks - 22 20 1-6 (0-9-2-8)
Adhesives 25 21 1-6 (0 9-2-8)
Waxes and polishest - 16 13 1-4 (0-7-2-7)
Detergents 20 14 1-5 (0-8-2-8) 15 18 0-9 (0-5-1-6)
Herbicides 5 6 1-0 (0-4-2-8) 14 16 0 9 (0 5-1-7)
Biologically active dust 9 12 0-8 (0-4-1-6) 14 17 0 9 (0 5-1-6)
Dust (wood/textile/coal) 14 7 2-2 (1-0-50) 7 5 1-4 (0 5-3 8)
Contact with animalst 14 19 0-7 (0-4-1-4)
Contact with publict 54 42 1-7 (1-2-2-5)
Outdoor occupationt 16 16 1.1 (0-6-2-1)
*Odds ratios adjusted for primigravidity, prematurity, alcohol consumption, and leisure time activities (cleaning at home, gardening,
outdoor activities)
tExposure not asked for in the personal interview

1% in the interview and matrix, the agent was
omitted from the tables. For most exposures, the
matrices assigned many more mothers to the
exposed category than the interview.
Among the 30 exposures that matched between

the interview and British job exposure matrix (table
4), significantly increased ORs were found by the
interview method for exposure to heat (OR = 1 7),
mercury (OR = 8-7), organic solvents (OR = 1 7),
paint, pigments and dyes (OR = 2 7), and dust
(OR = 2-2). By contrast, the matrix showed a
reduced OR for heat (OR = 0-3), ORs of about
unity for mercury and dust, and almost no expo-
sure to solvents. The number of exposed mothers
and the ORs were comparable only for paint
(OR,,.,i = 3 9). For ionising radiation, ethylene
oxide, printing inks and adhesives, the matrix pro-
duced a number of exposed persons and slightly
increased ORs, whereas according to the interview
almost no mothers were exposed. Examination of
the non-matching exposure items of the British
matrix resulted in an interesting finding for the
exposure variable "contact with public" (OR = 1-7,
90% CI 1-2-2-5).

In the comparison between the interview and
American job exposure matrix (table 5), the same
differences were seen for the ORs of mercury (OR
= 8-7 v 1-2) and dust (OR = 2-2 v 1-3). The OR

for heat was 0-9 in the American matrix and for
paint no matrix OR could be calculated. Many
other exposures belonged to the extremely low
exposure categories in the interview, whereas the
matrix showed a considerable number of exposed
mothers. The ORs for aluminum/magnesium (OR
= 1-8), diesel fuel (OR = 2-0), chloroform (OR =
1-9), and methylene chloride (OR = 2-7) were
slightly increased, but were only statistically signifi-
cant for diesel fuel. In the interview data, on the
other hand, significantly increased ORs were found
for vibration (OR = 2 9) and exposure to alcohol
(OR = 1 9), without any comparable associations
being found by means of the job exposure matrix.

Table 6 lists the remaining exposure categories
of the interview. These exposures were not includ-
ed in either one of the job exposure matrices, but
were relevant to the study on mental retardation. A
series of appreciably increased risks were found-
namely, working with copying machines (OR =
3 0) or in a draughty environment (OR = 1-9) and
occupational exposure to (non)-ionising radiation
(OR = 9-3), hair cosmetics and dyes (OR = 3-7),
hexachlorophene/phenylphenol (OR = 3-1), and
antibiotics (OR = 2-9).

Similar to the late pregnancy period (months
6-9), significantly increased ORs were found in the
preconception period and in early and mid-preg-
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Table 5 Associations between mental retardation and maternal occupational exposures in late pregnancy (months 6-9)
according to information gathered by means of a personal interview or generated by the American job exposure matrix6 (matching
exposures n = 42)

Occupational exposure Personal interview American job exposure matrix
of the mother in late
pregnancy (months 6-9) Cases Referents OR* (90% CI) Cases- Referents OR* (90% CI)

Ionising radiation - 14 13 1-4 (0 7-2-7)
Ultraviolet light - 26 22 1-3 (0-8-2 2)
Vibration 11 4 2-9 (1*1-7 9)
Heat 32 24 1-7 (1-0-2 8) 4 6 0 9 (0 3-2 6)
Cold 11 11 1-2 (0-6-2 5) 4 5 1-0 (0 3-3-2)
Lead (compounds) - 9 9 1 1 (0 5-2-6)
Mercury (compounds) 6 1 8-7 (1-4-53 3) 15 14 1-2 (0 7-2 4)
Iron/zinc (compounds) - 16 13 1-4 (0 7-2-6)
Aluminum/magnesium

(compounds) - 18 11 1-8 (0 9-3-6)
Welding fumes - 13 10 1-5 (07-3-1)
Gasoline/petroleum - 10 10 1.1 (0 5-2-3)
Antiknock agents - 11 10 1-3 (0-6-2-9)
Diesel fuel - 15 10 2-0 (1-0-4-1)
Coal tar - 18 17 1.1 (0-6-2-0)
Naphtalene - 9 8 1-2 (0-5-2-8)
Phenol/cresol - 24 27 1-0 (0-6-1-6)
Benzene/toluene/xylene - 25 26 1.1 (0-7-1-8)
Chloroform - 7 4 1-9 (0 7-5 7)
Methylene chloride - 7 3 2-7 (0-8-8-7)
Triperchloroethylene - 19 16 1-4 (0-8-2 5)
Alcohol 19 12 1.9 (1-0-3 5) 5 7 0 8 (0Q3-2-1)
Formaldehyde - 13 10 1-4 (0-7-3 0)
Ethylene oxide - 9 10 1-0 (0 5-2-1)
Paint/pigments/dyes 9 4 2-7 (1-0-7-5)
Pesticides 5 6 1-0 (0-4-2 8) 26 22 1-3 (0-8-22)
Dust (wood/textile/coal) 14 7 2-2 (1-0-50) 37 31 1-3 (0 9-2 1)
Butadiene/styrene/chloroprene - 9 10 1-0 (0 5-2 2)
Epoxy resins 20 16 1-5 (0-8-2 7)

*Odds ratios adjusted for primigravidity, prematurity, alcohol consumption, and leisure time activities (cleaning at home, gardening,
outdoor activities)

nancy (months- 1-2.-and--35)3; According to the
interview, the ORs were increased for mothers
working with copying machines or exposed to
(non)-ionising radiation, mercury, and hair cos-

metics and dyes. The British job exposure matrix
showed increased ORs for paint and the American
matrix for vibration. In the postnatal period the
number of exposed mothers was too small to
perform meaningful analyses.

OCCUPATIONAL EXPOSURE OF THE FATHER
Tables 7 and 8 summarise the results for the father
for the preconception period, which is indicative
of the total critical period. In general, the
number of fathers exposed to a particular agent
was high compared with the mothers. The ORs
could be calculated for almost all exposure
categories, but most of them varied around
unity. For the sake of parsimony, exposures were

Table 6 Associations between mental retardation and maternal occupational exposures in late pregnancy (months 6-9) according
to information gathered by means of a personal interview not generated by the British or American job exposure matrices5 6

Occupational exposure of C. Referents ORa* (90% CI)
mother in late pregnancy (n = 306) (n = 315)

Correction fluid 13 11 1-7 (0-8-3 5)
Copying machines 14 6 3 0 (1-3-7-1)
Computers (personal) 3 5 0-7 (0-2-2 5)
Draughty environment 20 12 19 (10-3-5)
Lack of fresh air 30 23 1-5 (0-9-2-5)
Noisy environment 18 12 1-6 (0-8-3-0)
(Non)-ionising radiation 7 1 9-3 (1 -5-55 7)
Hair cosmetics/dyes 6 2 3-7 (0 9-15-1)
Hexachlorophene/phenylphenol 8 3 3-1 (1-0-9-7)
Antibiotics 12 5 2-9 (1-2-7 2)
Other medical drugs 6 5 1-7 (06-47)
Animal food 7 6 1-4 (0-5-3 6)

*Odds ratios adjusted for primigravidity, prematurity, alcohol consumption, and leisure time activities (cleaning at home, gardening, out-
door activities)
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Table 7 Associations between mental retardation and occupational exposures of the father in the preconception period according
to information gathered by means ofa personal interview or generated by the British job exposure matrix5 (n = 491matching
exposures n = 30)

Occupational exposure Personal intenrew Brtish job exposure matrix
of the father in the
preconception period Cases Referents OR (90% CI) Cases Referents OR (90% CI)

lonisingradiation 11 7 1-7 (0-8-3 8) 10 7 1-5 (0 7-3 5)
Ultraviolet light 14 8 1.9 (09-40) 12 17 0 7 (0-4-1-4)
Microwaves/radiofrequencies 14 6 2-5 (1-1-5 7) 22 28 0-8 (0-5-1-3)
Heat 98 84 1-3 (1-0-1-8) 17 21 0-8 (0 5-1-5)
Mercury (compounds) 9 7 1-4 (0-6-3-2) 17 12 1-5 (0-8-2-9)
Cadmium (compounds) 12 8 1-6 (0-8-3 4) 22 30 0-8 (0 5-1-2)
Beryllium (compounds) 13 6 2-3 (1-0-5 3)
Welding/solding fumes 32 41 0-8 (05-1-2) 31 45 0-7 (0-5-1-0)
Antiknock agents - 12 13 1.0 (0-5-1 9)
PAHs (inhalation) 72 61 1-3 (1 0-1-8) 32 41 0-8 (0 5-1-2)
PAHs (skin contact) 16 12 1-4 (0-8-2 7) 47 - 58 0 8 (0-6-1-2)
Benzene (toluene/xylene) 25 18 1-5 (0 9-2-5) 20 20 1 1 (0-6-1-8)
Formaldehyde 4 7 0-6 (0-2-1-7) 26 29 0 9 (0-6-1-5)
Cutting oils 40 44 1.0 (0-7-1-4) 15 23 0-7 (0-4-1-2)
Printing inks 4 6 0-7 (0-2-2-0) 22 33 0 7 (04-11)
Dust (wood/textile/coal) 78 69 1-3 (0-9-1-7) 56 50 1-2 (0-9-1-7)
Acrylonitrile - 5 4 1-3 (0-4 4-0)
Styrene 17 10 1-8 (0-9-3 6)
Epoxy resins 33 29 1-2 (0-8-1 9)

omitted from the tables when the ORs from
both the interview and job exposure matrix were
close to unity.

In the interview data, significantly increased ORs
were found for working in a hot environment (OR
= 1 3) and for exposure to microwaves/radiofre-
quencies (OR = 2 5), and exhaust fumes/polycyclic
aromatic hydrocarbons (PAHs) (OR = 1 3). The
increased ORs for ionising radiation (OR = 1-7),
ultraviolet light (OR = 1 9), cadmium (OR = 1 6),
benzene/toluene/xylene (OR = 1 5), chloroform
(OR = 2 7), carbon disulphide (OR = 1b8), and
isocyanates (OR = 1 6) were not statistically signifi-
cant (tables 7 and 8). In the British matrix,
increased ORs were found for exposure to berylli-
um (OR = 2-3) and styrene (OR = 1L8). The OR
for welding fumes was significantly decreased (OR
= 0-7). The associations found in the interview for
ultraviolet light and heat were confirmed by the
American matrix, which also showed a decreased
OR for iron/zinc (OR = 0 7) and increased ORs for
lubricants and cutting oils (OR = 2-1) and pesti-
cides (OR = 1-4).
Among the exposures not generated by the

matrices, working with copying machines (OR =
1-5, 90% CI 0 9-2-6) and exposure to ultrasound
(OR = 4-9, 90% CI 1-3-17 7), acid solutions (OR
= 1-6, 90% CI 0 9-2-8), and chipboard (OR = 15,
90% CI 0 9-2 6) should be mentioned.

Discussion
In the present study on mental retardation and
parental occupation, exposure data generated by a
British and an American job exposure matrix were
compared with detailed occupational histories
obtained by means of a personal interview with the

parents, to evaluate the applicability of job expo-
sure matrices. The agreement between the inter-
view and job exposure matrices was low, which was
caused in particular by a large number of false posi-
tive exposures generated by the matrices. In the
interview data, a series of increased ORs was found
for occupational exposures of the mother; a few
paternal exposures were also associated with mental
retardation. Analyses of the matrix data confirmed
only a few of these associations and yielded hardly
any increased ORs that were not found by the
interview. Before conclusions are drawn, however,
it is worthwhile to consider the possible flaws in the
study methodology, such as selection bias and con-
founding, and the quality of information from the
interviews as well as the properties of the job expo-
sure matrices.
The study population was selected according to

the aetiology of the handicaps. Cases were excluded
whenever a cause was suspected, whereas a definite
cause had been shown for all the referents, which
was unrelated to the parental occupation. Case and
referent parents were comparable with respect to
the background variables age, education and living
environment, and most lifestyle factors, in which
they also resembled the general population.'9
Therefore, it is unlikely that the selection of cases
and referents biased the results obtained by the
interview. The differences between the interview
and job exposure matrices cannot be ascribed to
selection bias either, as the study population was
similar. All the confounders (primigravidity, com-
plications during pregnancy, prematurity, alcohol
consumption, and leisure time activities) were con-
trolled for in the analyses of the interview as well as
the job exposure matrices.
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Table 8 Associations between mental retardation and occupational exposures of the father in the preconception period according
to information gathered by means of a personal interview or generated by the American job exposure matrix6 (matching exposures
n = 42)

Occupational exposure Personal inteniew American job exposure matrix
of thefather in the
preconception period Cases Referents OR (90% CI) Cases Referents OR (90% CI)

lonisingradiation 11 7 1-7 (0-8-3 8) 62 60 1 1 (0-8-1-6)
Ultraviolet light 14 8 1-9 (0 9-4 0) 135 121 1-3 (1 0-1-7)
Microwaves/radiofrequencies 14 6 2-5 (1 1-5-7) 7 10 0-7 (0-3-1-7)
Vibration 113 120 1 0 (0-8-1-3)
Heat 98 84 1-3 (1 0-1-8) 49 41 1-3 (0 9-1 9)
Mercury (compounds) 9 7 1-4 (0-6-3 2) 22 35 0-6 (04-10)
Cadmium (compounds) 12 8 1-6 (0-8-3 4) 11 14 0-8 (0 4-1-6)
Iron/zinc (compounds) 56 60 1-0 (0-7-1-4) 58 84 0-7 (0 5-0 9)
Aluminum/magnesium (comp) 38 44 0 9 (0-6-1-3) 17 27 0-6 (0 4-1 1)
Antiknock agents - 60 51 0 9 (0-6-1-2)
Exhaust fumes 72 61 1-3 (1-0-1-8) 42 42 1 1 (0 7-1-7)
Coal tar 16 12 1-4 (0-8-2 7) 83 76 1-2 (0-9-1-6)
Naphthalene - 6 9 0 7 (0-3-1-7)
Phenol/cresol 5 4 1-3 (0 4-40) 28 33 0-9 (0-6-1-4)
Benzene/toluene/xylene 25 18 1-5 (0 9-2-5) 75 86 0 9 (0-7-1-2)
Chloroform 5 2 2-7 (0 7-10-6) 13 12 1-2 (0-6-2-2)
Methylene chloride 12 9 1-4 (0 7-3 0) 5 6 0 9 (0 3-2 4)
Alcohol 26 21 1-3 (0-8-2 2) 26 21 1-3 (0-8-2 2)
Formaldehyde 4 7 0-6 (0-2-1-7) 8 11 0-8 (0-4-1-7)
Ethyl ether - 36 35 1.1 (0 7-1-7)
Carbon disulphide 5 3 1-8 (05-59) 18 17 1.1 (0-6-20)
Lubricants and cutting oils 40 44 1.0 (0 7-1-4) 10 5 2-1 (0-9-5-3)
Paint/pigments/dyes 83 85 1.0 (0-8-1-4)
Pesticides 31 26 1-3 (0-8-2-0) 60 49 1-4 (1 0-1 9)
Dust (wood/textile/coal) 78 69 1-3 (0-9-1-7) 109 119 0-9 (0-7-1-2)
Acrylonitrile - 11 8 1-5 (0-7-3-2)
Butadiene/styrene/chloroprene - 11 14 0-8 (0-4-1-6)
Isocyanates (polyurethanes) 24 16 1-6 (0-9-2-8) 15 16 1.0 (0 5-1-8)
Vinyl chloride - 6 4 1-6 (0-6-4-6)
Epoxy resins - 64 70 1.0 (0-7-1-3)

In the interview, information was collected from
the parents personally by skilled interviewers with a
structured questionnaire. The quality of the infor-
mation was satisfactory for almost all participants
with regard to consistency and completeness. No
differences were found between the data obtained
from both parents and the data supplied by the
mother only. To avoid recall bias in the interview,2
children with other congenital handicaps were
chosen as referents. It was expected that the quality
of the answers of case and referent parents would
correspond because of the comparable emotional
impact of having a handicapped child. In a validity
study with colleagues as dual respondents, we have
shown that this is indeed true.4 Because of the long
time lag between pregnancy and interview (two to
25 years), underreporting of occupational expo-
sures was not unlikely.3202' The occupational
hygienist who checked the interviews noted
remarkably good agreement, however, between the
number and kind of exposures reported by the
parents and those expected on the basis of the
occupational title. For these reasons, the interview
was considered as the gold standard of occupation-
al exposure in this study.
The applicability of job exposure matrices for a

particular study is determined by the coding
scheme for occupations and industries and the

input of exposures. The coding schemes of the
matrices used in the present study proved to be
very country specific.2223 Some common Dutch
occupations could not be accurately classified
despite the detailed information from the personal
occupational histories. Some occupational titles
comprised a broad range of occupational activities
and others were extremely detailed. Therefore,
misclassification of occupation or industry almost
certainly occurred, leading to misclassification of
exposures. This may also be induced by the assess-
ment of exposures in the matrix, which was inferred
from job titles and industries by means of experts
and textbooks instead of from actual occupational
histories.5-7 As has been shown in previous
studies,23 several of the generated exposures were
inappropriate for occupations in The Netherlands.
Moreover, variations in the kind and level of expo-
sure across time and place cannot be taken into
account when a job exposure matrix is used.22 As a
result, serious misclassification of the exposures
generated by the matrices must be borne in mind.
As the level of exposure was not stated explicitly in
the interviews and was therefore not considered in
the analyses, misclassification in the assigned expo-
sure grades was not an issue in this study.

Apart from misclassification problems, the spe-
cific exposure categories that have been included in
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the matrices are crucial for the applicability. The
British matrix was developed for studies on occupa-
tional diseases in general with emphasis on lung
diseases and cancer.5 Cancer was also the main
objective of the American job exposure matrix.6
This means that, next to common occupational
exposures, (suspected) carcinogens primarily make
up the list of exposure items. This limits the utility
in, for instance, reproductive epidemiological
studies; however, a certain overlap between agents
with carcinogenic and teratogenic properties is
assumed.24
The mentioned limitations of job exposure

matrices are reflected in the results of the present
study. The measures of agreement between the
interview and matrices indicated low sensitivities
for the identification of risk factors for mental
retardation, in accordance with studies on lung
diseases.2223 Considering the interview as the gold
standard, a high degree of misclassification on
exposure was also clearly shown by the large
number of false positive exposures. These findings
were confirmed when the occupational exposures
were evaluated separately. The prevalence of
exposure was higher in the matrices than in the
interview for most of the exposure items. Moreover,
most increased ORs found by means of the inter-
view could be interpreted logically, whereas those
for exposures generated by the job exposure
matrices could hardly be explained.
Among the mothers, the associations between

mental retardation and mercury (compounds),
alcohol and other solvents, and radiation were in
agreement with other published information'0 '3'7
and with the high risk occupations in late pregnan-
cy (table 2). Nurses, for example, stated that they
were exposed to these four agents and to hexa-
chlorophene/phenylphenol and antibiotics. Apart
from alcohol, hair cosmetics and dyes seem to be
the main exposure for hairdressers. Pigments may
be the causal agents in hair dyes, just like in paint
and textile dust, which agrees with the increased
OR for the textile industry. Work with copying
machines may explain the higher risk for clerical
workers through exposure to ozone, for instance.
Climatic factors, such as heat, draught and lack of
fresh air, were mentioned by many mothers in high
risk occupations. These factors were probably asso-
ciated with infections that went unnoticed, particu-
larly in occupations that involve permanent contact
with people (for example, nurses, teachers, and
cashiers). This hypothesis was confirmed by the
increased OR for "contact with public" in the
British matrix. Otherwise, most of the associations
were missed by the job exposure matrices.

As no relations were found between mental
retardation and the occupational title of the father,
the increased ORs found for several exposures were

difficult to interpret. There was almost no agree-
ment between the interview and either one of the
two job exposure matrices. Non-ionising radiation
seemed to be the most important patemal risk
factor and was associated with paramedical occu-
pations. For the other occupational exposures of
the father, no conclusions can be drawn.
We can conclude that the job exposure matrices

used in the present study did not offer a good alter-
native for the personal interview. The interview
provided detailed information about the occupa-
tional exposure of the parents, which resulted in a
series of increased ORs. These findings could not
be explained by misclassification of exposure or
other sources of bias. The results of the matrices,
however, were highly conflicting and did not gener-
ate any new hypotheses about high risk exposures.
On the contrary, by the sole use of the matrices
almost all the observed associations between mental
retardation and parental occupational exposure
would have been missed. The interview data
supported the hypotheses that parental exposure to
(non)-ionising radiation, heavy metals, and solvents
before or during pregnancy increases the risk of
having a mentally retarded child. Other substances,
such as hair cosmetics and dyes, paint, pigments,
disinfectants and medical drugs, as well as infec-
tions through close contact with people, and work
with copying machines, may be labelled as possible
maternal risk factors for mental retardation. These
risks were most pronounced in cases where expo-
sure continued until late pregnancy (months 6-9).
As to the applicability of job exposure matrices in

reproductive epidemiological studies in general, we
can agree with preceding investigators.62223 Job
exposure matrices might be useful for explorative
studies in certain situations, but because of their
properties and limitations they tend to obscure real
associations through severe misclassification of
exposure. Therefore, they have low sensitivity for
the identification of occupational risk factors for
reproduction and thus limited applicability. This is
particularly true when job exposure matrices are
used in another country and for a purpose other
than they were originally designed for. So far, per-
sonal occupational histories remain indispensible
for thorough aetiological research on reproductive
defects.
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