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SUMMARY

MENTAL RETARDATION AND PARENTAL OCCUPATION:
AN EXPLORATIVE EPIDEMIOLOGIC STUDY

Mental retardation is a major developmental defect of the central nervous
system, which is generally characterized by an I Q < 7 0 and social incompetence, but in the Netherlands, children with an I Q < 8 0 are labelled mentally
retarded. As the etiology remains 'unknown' in more than half of the cases,
it was hypothesized that exogenous factors, such as occupational exposure of
the parents, may play a role in the origin of mental retardation in offspring.
An elaborate literature review formed the basis for a case-referent study
conducted to explore this hypothesis. Publications concerning studies on the
prevalence and etiology of mental retardation performed since 1960, were
critically evaluated on their methodology and the validity of the results.
Despite the large variability in prevalence rates, it was possible to calculate the
average 'true' prevalence rate for severe mental retardation (SMR, IQ<50) as
3.7 per 1000 among school-age children. The average rate of 26 per 1000
that was calculated for mild mental retardation (MMR, IQ 50-70), is only
indicative of the 'true' prevalence. These rates are in accordance with the
WHO prevalence rate of 3% for school-age children in industrialized countries.
For developing countries, the reported rates are generally higher.
The causes of mental retardation range from genetic to pre, pen and postnatal factors. Among the severely mentally retarded, genetic factors are
predominant ( ± 41%), whereas for more than half of the mildly mentally
retarded, the etiology

of the retardation cannot be explained. Next to

influences from the psychosocial environment, exposures from the work and
living environment of the parents have to be considered as risk factors for
mental retardation with an unknown origin. Several chemical agents as well as
radiation are able to interfere with the development of the central nervous
system, causing gross structural malformations,
architecture

or

functional

disorders.

Strong

minor defects

associations

with

in brain
mental

retardation have been described for maternal alcohol abuse and exposure to
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ionising

radiation, methylmercury

and lead

Cadmium, organic solvents,

anaesthetics and pesticides are suspected risk factors for mental retardation.
Whether occupational exposure of the parents to these or other agents
may cause mental retardation in offspring, was explored m the present
epidemiologic study.
A case-referent study was conducted on 340 mentally retarded children
with an unknown etiology (cases) and 362 physically handicapped children for
whom the cause was known and not related to the occupation of the parents
(referents). These children were selected from medical files dating from 1979
to and including 1987. Their parents were invited to participate in an interview
about occupational activities in the pregnancy period that extended from 3
months preconception to 6 months postnatally. The response rate was 89 5%,
so that 306 cases and 322 referents could be included in the analyses.
A validity study showed that information bias through differential misclassification of occupational exposure was negligible and supported the choice of the
referent group concerning the comparability of information Furthermore, the
two groups were comparable on background variables, such as age and
education of the parents, and on the majority of life-style factors and leisuretime activities, in which they resembled the general population
Maternal alcohol consumption proved to be a risk factor for mental
retardation (OR=1 6), in particular among mothers who consumed 3-5
alcoholic drinks once of twice a week during pregnancy. Due to the selection
of the referent group, differences existed for some obstetric characteristics,
but these were controlled for in the analyses, just like maternal alcohol
consumption and some of the leisure-time activities. It was concluded that
confounding, selection and information bias did not seriously influence the
validity of the study.
The occupational variables were analysed separately for five time intervals
in the pregnancy period. The occupation of the father was not associated with
mental retardation, but increased risks were observed for working in a hot
environment

(OR =1.3)

and

for

exposure

to

non-ionising

radiation

(ORUi,r.„uml = 4.9 / ORMwmF = 2.5) and exhaust fumes (OR = 1 3). A high-risk
period could not be determined. For the mothers, the most pronounced results
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were seen in late pregnancy (months 6-9), which is in accordance which the
hypothesis that late fetal exposure of the central nervous system leads to
minor structural and functional disorders, such as mental retardation. Pregnant
women who worked as a nurse (OR = 4.2), teacher (OR = 2.6), bookkeeper or
cashier (OR = 5.7), hairdresser (OR = 2.7) or in the textile industry (OR = 2.7)
appeared to be at risk for having a mentally retarded child. With regard to
maternal occupational exposures, the study confirmed the hypothesis that
(non-)ionising radiation (OR = 9.3), heavy metals (ORnMm:utv = 8.7) and organic
solvents

(OR.teoh,,^ 1.9)

increase

the

risk

for

mental

retardation.

New

hypotheses were generated for working with copying machines (OR = 3 0) and
in hot and draughty environments (OR =1.7)

and for exposure to paint

(OR = 2.7), hair cosmetics and dyes (OR = 3.7), disinfectant soap (OR = 3.1),
antibiotics

(OR = 2.9)

occupational

and dust

exposures

(OR = 2.2). Evaluation

by means of job-exposure

of the

effects of

matrices, yielded an

increased odds ratio for maternal 'contact with public' (OR= 1 7), which might
refer to infections that went unnoticed. In general, the sensitivity of the
job-exposure matrices for detecting high-risk exposures in comparison with the
interview proved to be low.
The above-mentioned

occupational exposures may be considered as

potential maternal risk factors for mental retardation, but caution is required in
the interpretation because of the explorative character of the study and strong
correlations between high-risk exposures and occupations. Future research in
the line of experimental animal studies and historical cohort studies should
explore the observed associations in more detail, in order to provide a sound
basis for the primary prevention of mental retardation. For the moment, it is
recommended that pregnant mothers abstain from consuming alcoholic drinks
and try to reduce exposure to potential risk factors in the high-risk occupations
by means of protective equipment or alterations in the work environment and
activities, particularly in the last four months of pregnancy.
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CHAPTER 1

GENERAL INTRODUCTION

BACKGROUND AND MOTIVATION

The adverse effects of occupational exposure on human reproduction have
gained increasing attention in research over the past t w o decades, due to
changes on the labour-market and growing knowledge about the teratologic
properties of occupational chemicals.'-2 Reproductive defects have even been
called 'thé occupational health issue of the 1980s', 2 whereas the European
Medical Research Councils designated environmental influences as a priority
area in reproductive research.3 Among the diversity of reproductive defects, an
important place is occupied by the developmental disorders in offspring, which
are defined as 'severe, chronic disabilities due to mental or physical impairment and resulting in substantial limitations'. 4 The majority of studies up to
now, however, have concentrated on gross morphological defects (so-called
congenital malformations), without considering the large category of minor
structural and functional

disorders, such as biochemical

derangements,

cognitive and behavioural disturbances and mental retardation. These disorders
are not always recognized at birth or in early childhood and the etiology is
often obscure or completely unknown. In the origin of mental retardation,
exogenous factors are assumed to play an important role through interference
with the development of the central nervous system. 4 " 6 Among the exogenous
factors, occupational exposure of the parents is hypothesized to be a major
causal factor, because of daily exposure to relatively high levels of potentially
hazardous agents. In order to explore this hypothesis and to provide leads for
primary prevention, the present study on mental retardation and parental
occupation was performed.

A BIRD'S-EYE VIEW OF MENTAL RETARDATION

Mental retardation is one of the major developmental defects of the central
nervous system. According to the World Health Organization (WHO), it is
defined as 'significantly subaverage general intellectual functioning, which
manifests itself during the developmental period and is associated with distinct
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impairment in adaptive behavior'. 78 This definition comprises three criteria *
-

I Q < 7 0 , measured by means of standardized intelligence tests, such as
the Wechsler Intellegence Scale for Children-Revised (WISC-R);

-

inability

to

meet standards

of

personal independence

and

social

responsibility expected for age and cultural group;
-

identification between conception and 18th birthday.

All three criteria must be met for a person to be labelled mentally retarded But
in the assesment of the level of mental retardation, the IQ is often used as the
sole criterium (table 1.1). Officially, the WHO distinguishes four levels of
mental retardation, whereas in practice a distinction is usually made between
'mild' mental retardation (MMR) and 'severe' mental retardation (SMR), the
latter comprising all IQ levels below 50. For a long time there has been a
tendency to add an extra category of IQs between 68-85, labelled 'borderline
intelligence', 7 but now it is generally accepted that the upper IQ limit is 70.
In the Netherlands, however, children with an I Q < 8 0 are identified as mentally
retarded, in accordance with the cut-off point for referral to special schools

TABLE 1.1

9

Level of mental retardation according to the eighth revision of the
International Classification of Diseases'0

level of mental retardation
mild mental retardation
moderate mental retardation
severe mental retardation
profound mental retardation

IQ*

% of total MR

50 - 70
35 - 50
20 - 35
< 20

75 %
on %
5%

old terminology
debile / feeble minded
imbecile (low degree)
imbecile (high degree)
idiot

* approximate values with a standard deviation of 3-4 IQ points

The prevalence of mental retardation is difficult to assess due to an enormous
variation m observed rates over populations and between studies According to
the WHO, the true prevalence rate comes close to 3% in industrialized
countries. 78 The causes of mental retardation range from genetic to pre, pen
and postnatal factors. Genetic disorders are particularly important in the
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etiology of severe mental retardation, which is often accompanied by central
nervous system pathology and multiple handicaps. 48 In contrast, the majority
of mildly mentally retarded children show no physical signs of impairment and
the etiology remains unexplained in more than half of them. 8 ' 1 In this group of
children with an 'unknown' mental retardation, influences from the psychosocial environment are considered to be the major causal factor. 8 , 2 In addition,
it is assumed that pre and postnatal exposure to exogenous factors, such as
infectious diseases, malnutrition, radiation and chemical agents, may be
important too. 4 1 2 These factors may disturb the spermatogenesis or the
maturation of the ovum prior to conception, the embryonal or fetal development of the central nervous system during pregnancy and the postnatal
development through lactation or direct exposure from the environment.' 3
Strong associations have been observed between mental retardation and
maternal alcohol abuse, ionising radiation, (methyl) mercury and lead. Some
other agents, such as cadmium, organic solvents, anaesthetics and pesticides,
are suspected risk factors for mental retardation. Whether or not parental
exposure to these factors in occupational settings may cause mental retardation in offspring is the subject of the present study.

OBJECTIVE OF THE STUDY

The mam objective of the study was the identification of occupational etiologic
factors for mental retardation An elaborate literature study raised the research
question as to whether occupational exposure of the mother or the father
before, during, or immediately after pregnancy could play a role in the origin of
mental retardation in offspring. In order to answer this question, an explorative
epidemiologic study was conducted, using a case-referent design. In this
study,

mental retardation was restricted to

clinically

diagnosed

mental

retardation with an unknown etiology. The study period extended from 3
months preconception to 6 months postnatal and was subdivided into five
time intervals based on the stages of development, with a view to determination

of the

critical exposure

period(s).
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Occupational

exposure

was

measured by means of a personal interview with the parents, which included
occupational title as well as industrial category and exposure to physical and
chemical agents in the work environment, in particular to the occupational risk
factors suggested above. The confirmation and/or generation of hypotheses
about high-risk occupations and high-risk exposures for mental retardation may
provide leads for future research and primary prevention.

STRUCTURE OF THE THESIS

In chapter 2, the literature concerning the epidemiology of mental retardation
is reviewed extensively. The first part presents a critical view on the
prevalence, whereas 2.2 elucidates the etiological aspects with emphasis on
exogenous factors. The adverse effects of parental occupational exposure on
the developing central nervous system are described in chapter 3. An
evaluation of the study methodology is the subject of chapter 4 and focusses
on the occurrence of information bias due to misclassification of exposure.
Chapter 5 deals with the confounding properties of life-style habits of the
parents, including an interesting finding for maternal alcohol consumption.
The heart of this thesis is formed by chapters 6, 7 and 8. They make up a kind
of triptych in which the methodology of the study and the results of parental
occupational exposure are described in detail. Therefore, a certain amount of
overlap could not be precluded. In chapter 6, the attention is focussed on the
occupational title and industrial category of the parents, while the separate
and combined occupational exposures are discussed in chapter 7. The latter
are also the mam issue in chapter 8, in comparison with exposures generated
by job-exposure matrices. Finally, in chapter 9, the methodology and the
results of the present study are evaluated as a basis for future research and
the primary prevention of mental retardation.
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CHAPTER 2

THE EPIDEMIOLOGY OF MENTAL RETARDATION
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ABSTRACT

Studies on the prevalence of mental retardation in school-age children
conducted

since

1960,

were

critically

reviewed

concerning

the

study

methodology and the results. For severe mental retardation (SMR), most of the
studies presented 'ascertained' prevalence rates, which can be interpreted as
estimates of the 'true' SMR prevalence rate that amounts to an average of
3.7 per 1000. The majority of the prevalence rates for mild mental retardation
(MMR) are less valid; the average 'true' MMR prevalence rate was calculated
to be 26 per 1000. The prevalence rates descibed for developing countries are
generally higher. It was concluded that the overall prevalence rate for schoolage children in industrialized countries still comes close to 3%, although a
figure of 1 % is sometimes suggested nowadays.
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INTRODUCTION

Mental retardation (MR) is a serious and lifelong disability that places heavy
demands on society and the health system. Since the first publication on this
topic, 1 the prevalence of mental retardation has been thoroughly studied for
different purposes. The majority of prevalence studies are designed for the
planning of services and establish an 'ascertained' prevalence rate, which is
the number of cases officially recorded by the authorities. 2 The

'true'

prevalence rate is the total number of mentally retarded m a population,
whether or not they require services, and is defined by the prevalence of MR
at birth and the mortality rate. For mild mental retardation (MMR, IQ 50-70)
the true prevalence rate is more difficult to estimate than for severe mental
retardation (SMR, IQ<50). Very often ascertained prevalence rates are mis
taken for true prevalence rates. Moreover, the estimates of both rates are
influenced by the design of the study, the assessment criteria used and the
method applied for the identification of cases.^ 7
As a result, differences in prevalence rates may partly reflect the true
variation over populations, partly reveal discrepancies between studies and the
interpretation of the prevalence measure used. For instance, usage of the
organic, psychological and social WHO-critena, which are reflected in impair
ment, disability and handicap, yield different frequencies. 6 The prevalence
rates observed range from 2 to 85 per 1000. According to the WHO, the true
prevalence rate of total MR in industrialized countries comes close to 3 % , 4 e
but in the United States controversy exists regarding 1 % versus З ' ^ , 5 7 9 ' 0
while the Scandinavian
prevalence.

en

countries claim that the 1 % figure is their true

12

The aim of this annotation is to establish valid estimates of the true
prevalence rates for severe and mild mental retardation in school-age children
and to elucidate the variation in prevalence rates. Therefore the methodology
of prevalence studies performed since 1960 was critically evaluated and a
distinction was made between ascertained and true prevalence estimates.
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METHODES OF SELECTION

A computerized literature search was conducted on MEDLINE, which contained
publications from 1981 through 1987, using the keywords 'mental retardation'
and Occurrence'. This way, only a small number of original articles and
reviews was found; most papers were traced through references listed in these
reviews 6713 " 15 and by browsing through relevant journals. Eleven papers were
unobtainable and 23 studies were excluded according to the following criteria:
- the study was restricted to institutionalized cases;
- the population size was not given;
-

the age group studied exceeded the age range 5-19 years (school-age)
and no age structure was specified,

- the IQ levels studied were not specified;
-

mental retardation could not be distinguished from other disabilities.

As a result,

39

original

articles were left

for study. 1 1 1 f r 4 9

These are

summarized in table 2 . 1 , with the exception of four studies performed in
developing countries. The validity of these studies was evaluated by:
- the aim of the study (planning of services versus research purposes),
- the prevalence rate estimated (ascertained versus true prevalence),
- the method of case ascertainment (registers, other sources such as
schools and agencies for the mentally retarded, population surveys),
- the clinical and/or psychometric research performed in order to classify
cases into grades of mental retardation (according to IQ level).
For severe mental retardation register-based case ascertainment followed by
the re-evaluation of IQ levels, was considered sufficient to render reliable
figures for the prevalence.6 As most registers are virtually complete for SMR,
the ascertained prevalence rates can be interpreted as estimates of the true
prevalence rate. The precision of the prevalence estimates was expressed by
the 9 5 % confidence intervals and an average SMR prevalence rate was
calculated using the inverse variance as a weighting factor.
The prevalence estimates of mild mental retardation can only be judged to
be valid in half of the studies, where case ascertainment was completed by
means of additional sources or a population survey was carried out, including
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TABLE 2.1

Short description of selected studies on the prevalence of mental retardation (chronologic order 1960 - 19811

ref

author +
year of
publication

year
of
study

country
+
specification

method of case
ascertainment

validity
(good +)
(poor - )

extra
information

age
in
years

SMR
per
1000

16

Goodman and
Tizard 1962

1960

England,
Middlesex

local registers
+ other sources

SMR +

'true' SMR
'ascertained SMR

5-14

3.3
(2.8Г

17

Kuslick 1961

1961

England,
Salford

regional register

SMR ±
MMR -

5-19

2.6

18

Birch et al.
1970

1962

Scotland,
Aberdeen

local register
+ school IQ test

SMR +
MMR +

cohort 1952-1954
'ascertained MMR
MMR IQ 50-75

8-10

3.7

19

Drillien et al.
1966

19621964

Scotland,
Edinburgh

local registers
+ schools

SMR +
MMR -

cohort 1950-1956
'ascertained MRR

7-14

4.9

20

Scally and
MacKay 1964

1963

Northern Ireland

national register

SMR ±
MMR -

years 1953-1963

5-19

3.7

21

Brask 1972

1963

Denmark, county
of Aarhus

national register

SMR ±
MMR -

5-14

3.3

'ascertained MMR

MMR
per
1000

X
23.7
( 8.91*

( 5.3)*
X

( 3.2)·

22

Akeeson 1967

1964

Sweden, islands
high emigration

local register
+ survey

SMR +

SMR IQ < 52

0-20

4.4

-

23

Butter et al.
1970

1964

England,
Isle of Whight

screening by
school IQ test

total
MR +

cohort 1953-1955
MMR = MR - 3.7

9-11

-

21.6

24

Sorel 1972

1966

Netherlands,
Amsterdam

local registers
+ agencies

SMR +
MMR ±

MMR IQ 50-70

10/13

7.3

8.9

25

Wing 1971

19661967

England,
London area

local register

SMR ±

26

McDonald
1973

19661969

Canada, Quebec

all possible
sources

SMR +

27

Lemkau and
Imre 1969

1968

United States,
south east

household survey
+ IQ test

total
MR

28

Wallin 1973

1969

Sweden, urban
community

local registers
+ survey

SMR +

29

MacKay 1971

1969

Northern Ireland

national register

SMR ±
MMR

30

Granat and
Granat 1973

1970

Sweden
(male population)

examination for
military service

total
MR

Gould 1976

19701971

England,
London area

local register

SMR +

19701975

Denmark, county
of Aarhus

national register
+ other sources

SMR +

Reynolds
1976

1972

Australia,
Queensland

regional register

SMR ±

Laxona et al.
1977

19721974

England,
Hertfordshire

regional register
+ services

SMR +

Stein et al.
1976

1974

Netherlands
(male population)

examination for
military service

SMR +
MMR +

31
32

33
34
35
36
37

Bernsen 1976

Frost 1977

19741975

Western Ireland

regional register

5-14

3.8

cohort 1958

8-12

3.8

MMR = MR - 3.7

6-19

SMR IQ < 52

5-19

4.2

5-19

4.1

79.4

+

+

SMR ±
MMR -

MMR = MR - 3.7
'ascertained MMR

19

-

X
18.4
( 3.4)*

5-14

4.0

5-14

4.0

5-16

3.4

7- 9

3.1

19

3.7

SMR IQ < 55
cohort 1965-1967

cohort 1944-1947
schools for MMR
MMR IQ 50-75

#

cohort 1956-1970
'ascertained MMR

57.6
(30.5)*

5-19

3.1
( 5.6)*

5-19

4.0

cohort 1959-1970

11-16

2.8

SMR +

cohort 1959-1970

5-16

3.5

national register
+ services

MMR ±

cohort 1957-1958
'cohort 1959-1970

19
8-19

Sweden,
Gothenburg

national register
+ services

MMR ±

cohort 1966-1970

8-12

19781980

England, London

local register
+ services

SMR +
MMR

cohort 1958-1963

15-20

3.6

Elliott et al.
1981

1980

England,
Oxfordshire

regional register
+ survey

SMR

5-14

4.1
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Elwood and
Darragh 1981

1980

Northern Ireland

regional registers

SMR ±

46

McQueen
étal. 1986

1980

Canada,
Maritime region

schools +
agencies

SMR +

47
48

Rantakallio
and von Wendt
1985 + 1986

19801981

Finland, north

hospital records
+ questionnaires

SMR +
MMR ±

cohort 1966

49

Shiotsuki
étal. 1984

1981

Japan, urban area

institute +·
school records

SMR +
MMR

cohort 1969-1974

38

McDonald and
MacKay 1978

1975

Northern Ireland

national register

SMR ±
MMR

39
40

Gustavson
étal. 1977

1975

Sweden, south

national register
+ services

SMR +

41

Gustavson
étal. 1977

19751976

Sweden, north

national register
+ services

42

Blomquist
étal. 1981

19751979

Sweden, north

11

Hagberg
étal. 1981

19781979

43

Mitchell and
Woodthorpe
1981

44

remarks: * = underestimated prevalence rate

+

SMR or MMR figure not reported

± 12.0
( 3.8)·
3.7

3.6

cohort 1969-1972
SMR IQ < 55

7-10
14

7-12

3.7
6.3

4.9

X = total MR or MMR figure unreliable

5.6

extended psychometric and diagnostic research. In 3 studies, only the overall
MR prevalence rates were given, but the rates for MMR were calculated by
substractmg the average SMR prevalence r a t e . 2 3 , 2 7 3 0 The ascertained preva
lence rates were all considered to be underestimations of the true prevalence
rate. For the calculation of the average MMR prevalence rate, only the studies
that presented true prevalence estimates were used.
Concerning the quality of the material, several authors stated that it is
difficult to find t w o single studies which are comparable with respect to their
methodology. 3 7 - 1 3 The selection criteria described above increased the com
parability of the studies considerably, but differences still remained (table 2.1),
for instance in the upper IQ l i m i t s . ' 8 2 2 2 β 3 3 3 β In some studies, the method of
case ascertainment was definitely more thorough than in others. 1 8 2 3 2 7 3 β 3 β As
the ascertainment of cases is best in school-age children up to 19 years old,
the age range was confined to ages 5-19, based on recalculation of the preva
lence rate in 13 studies while omitting the age-specific rates for the youngest
and older age groups. A substantial variation in age range was left, however.
The 95% confidence intervals also show a huge variation in population size.

PREVALENCE OF SEVERE MENTAL RETARDATION

As visualized in figure 2 . 1 , the prevalence rate for severe mental retardation in
school-age children is relatively stable, varying around an average value of 3.7
per 1000. This figure agrees well with the SMR prevalence rates mentioned in
studies conducted before 1960 and with the WHO-report 8 that considers a
rate of 3-4 per 1000 to be a good estimate of the true SMR prevalence rate in
western countries. Markedly higher rates were observed in only four studies,
probably due to a better method of case ascertainment. 19

244β49

By Fryers 13 a comprehensive review has been written on the dynamics of
SMR prevalence, wherein patterns of temporal change were revealed. In figure
2 . 1 , no time trend was observed, but figure 2.2 clearly shows that the
prevalence rate for SMR is age-dependent. The age-specific rates show an
increasing prevalence up to the age of 15, which indicates that severe mental
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FIGURE 2.1 Severe Mental Retardation: prevalence
(chronologic order 1960 - 1981)

in school-age

children

prevalence rate / 1000 (95% CI)
-Ж- prevalence SMR
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FIGURE 2.2 Severe Mental Retardation: age-specific prevalence rates in eight
different studies (1960 - 1976)
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retardation is not fully assessed in the first few years of life. This is a
reflection of the way in which developmentally disabled children become
known to service providers and can be traced through schools. 5 7 ' 5 The
decreasing prevalence rates in the older age groups can be explained by a
higher than average mortality among the severely mentally retarded and by
flaws in registers and research methods.
Sex-specific rates were presented in about half of the studies. For SMR
the male-to-female ratio is remarkably constant and indicates a 2 0 % excess of
male retardées. Obvious geographical differences were not observed. Only a
few studies mentioned higher rates in rural compared to urban areas. These
differences were explained by a higher maternal age in the country, selective
migration, religious affiliation, a high degree of endogamy, endemic meningitis
and poor ante, pen and postnatal c a r e . " 3 3 3 5 5 0
Apparently there is little variation among populations concerning the
prevalence of severe mental retardation. This indicates that the enologie
process of SMR is not influenced greatly by varying exogenous factors.

PREVALENCE OF MILD MENTAL RETARDATION

The prevalence figures for mild mental retardation exceed those for the
severely retarded and the variation in rates is enormous. It is not clear whether
this is a reflection of the non-comparability of studies or of real differences
among populations. The identification of cases is virtually complete in the
lower IQ ranges, but as long as children with an I Q < 7 0 are able to cope with
the school system, they will not become known to the authorities Although
the identification of MMR is most pronounced at school-age, 715 complete
assessment cannot be achieved before maturity. Therefore, register-based
case ascertainment, particularly in the younger age groups, leads to gross
underestimation of the true MMR prevalence rate.
This was clearly shown in the four studies in which true and ascertained
prevalence rates were compared (figure 2.3). 1 8 3 0 3 e * 2 Since the rates presented
by Sorel, 24 Hagberg et al." and Rantakallio and von Wendt 48 fall into the range
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FIGURE 2.3

Mild Mental Retardation: prevalence
(chronologic order 1962 - 198V
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prevalence rate / 1000 (95% CI)
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references of the studies in table 2.1

of ascertained prevalence rates, it is very likely that they underestimated the
true MMR prevalence rate as well. However, these rates might also reflect the
influences of improved environments. 12 · 51 In contrast, Lemkau and Imre 27 and
Stem et al.36 found extraordinarily high prevalence rates in profound screening
of the population with individual IQ tests. Overreporting could be the case
here. The former study was conducted in a low socio-economic area, with
little stimulation to perform well in IQ testing. In Stein's study on 19-year-old
males, it is not unlikely that some tried to be labeled mentally retarded
(IQ<75) in an attempt to escape military service. The high ascertained
prevalence rate here was due here to referral to special schools at an IQ
below 80.
The average true prevalence rate for mild mental retardation in school-age
children was calculated to be 26 per 1000. This value, combined with the
average SMR rate, agrees very well with the 3% figure for overall mental
retardation given by the WHO,4-8 and with Penrose's theoretical value of 2.3%
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for children in the IQ range 50-70. 52 Some studies presented useful male-tofemale ratios for MMR, ranging from a 4 0 % excess of males in the Netherlands24 to a 80% excess in Sweden. n ' 4 2 This might reflect a difference in
registration and case ascertainment or greater susceptibility of the male central
nervous system. 38,7 Stein et al.38 found a higher ascertained prevalence rate
for MMR in urban areas, whereas the application of an IQ test revealed an
excess of MMR cases in rural and mixed areas. Better access to special
schools or the higher demands placed on children living in cities may explain
this discrepancy.
A striking inverse association was found between mild mental retardation
and social

class

and/or

parental

occupation. e " e - ,s,,8S1B3 " 5e The

American

Association on Mental Deficiency even stated that in poor rural areas and
urban ghettos, 10-30% of school-age children function in the retarded range.5
The higher rates in the lower socio-economic classes may be due to poor living
conditions, poor intellectual stimulation or the absence of reluctance against
labeling children as being mentally retarded. Improvement of the social
environment can lead to a decline in MMR prevalence rates. 51 It should be
noted, however, that specific etiologic factors might prevail in the lower social
classes, such as endemic diseases, deficiencies, intoxications, submaximal
obstetric care and parental occupations with exposure to chemical agents and
radiation. These exogenous factors could probably explain part of the variation
in the prevalence rates of mild mental retardation.

MORTALITY AMONG THE MENTALLY RETARDED

For severely mentally retarded children, the reported mortality rates ranged
from 12%*' to 33.5%. 2 e The SMR mortality rate is thought to be decreasing
as a result of medical advances, such as improved peri and postnatal
care. 8,1557 But the

increasing survival may be counterbalanced

by the

decreasing occurrence of (severe) mental retardation due to a downward shift
in maternal age, the use of contraceptives, vaccination, prenatal diagnosis,
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better obstetric care and newborn screening for inborn errors of meta
bolism. 3 1 Э , Б Б в As a result, the prevalence rate of SMR will not change
substantially. For mild mental retardation, the mortality rate is thought to be
comparable to that in the general population ( ± 1 % of live born children). The
higher survival rate of premature and otherwise fulnerable children for central
nervous system disorders, may lead to an increased prevalence of M M R . ' 3 1 5

PREVALENCE OF MENTAL RETARDATION IN DEVELOPING COUNTRIES

Estimating the true prevalence rates of mental retardation in developing
countries is more complex than in the western world. Registers are not
available or extremely incomplete and population surveys pose a lot of
problems as well. In the cities the mobility of the population is usually high and
many languages are spoken Rural communities are often characterized by a
large proportion of illiterate inhabitants, the non-existence of birth registers
and a lack of cooperation. 59 In these less-demanding communities a high
percentage of mild mental retardation may go unrecognized. But the use of
(IQ) tests can lead to extremely high prevalence estimates, since the tests are
often far from adequate for non-western populations. 4 5 8 This can result in
under or overestimation of the true prevalence rates for mental retardation.
In figure 2.4 the SMR prevalence rates from population surveys in eight
developing countries are presented. 60 The rates for school-age children in rural
communities with ± 1000 inhabitants varied between 5 and 16 per 1000,
with the exception of India, where a rate of 40/1000 was found Hasan and
Hasan61 and Narayanan 59 reported SMR prevalence rates in the same range
The average prevalence rate for severe mental retardation in developing
countries was calculated to be 9.3 per 1000, which is 2.5 times higher than
the average rate in western countries. This rate may be artificially elevated, or
it may be explained by a higher prevalence of SMR at birth or postnatally due
to, for instance, malnutrition, consanguinity, infections and inadequate peri
natal care. The American Association on Mental Deficiency 5 and the WHO 8
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suggested that a high prevalence rate at birth will be counterbalanced by a
relatively high mortality among mentally retarded children, resulting in SMR
prevalence rates similar to those in the western world. According to the
available data this does not seem to be the case.
Hasan and Hasan 61 also presented prevalence rates for mild mental
retardation in Pakistan, without stating any IQ limits. These rates ranged from
28 per 1000 for children aged 0-10 years to 92 per 1000 for 11-20 years. In
an Indian survey an overall MR prevalence rate (IQ<80) of 10.4 per 1000 was
found for children under 14 years of age." 2 This is a very low figure compared
to the SMR rates found in India.
On account of the high probability of methodological problems, it cannot
be concluded that the prevalence rates reported for SMR and MMR represent
true prevalence rates for mental retardation in developing countries. Still, they
point in the direction of preventable exogenous influences.

FIGURE 2.4

Severe Mental Retardation: prevalence in children aged З-Э,60
0-10?' or 5-953 years; community surveys in eight developing
countries
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CONCLUDING REMARKS

The literature study for this annotation revealed an enormous gap in our
knowledge about mental retardation. Many studies are hampered by imperfec
tions in study methodology and valid estimates of prevalence rates are scarce.
The true SMR prevalence rates centre around the average value of 3.7 per
1000, but the variability in MMR prevalence rates is large. However, there is
enough reason to presume that, even today, approximately 3% of school-age
children are mentally retarded, of which a considerable proportion could have
been prevented. A change in attitude towards the causative background of
mental retardation is justified and ought to constitute a challenge to a more
active preventive approach. 12 Possibilities for the primary prevention of severe
mental retardation are marginal, but the prevalence of mild mental retardation
could be reduced by improving the biological and psychosocial environment.
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THE ETIOLOGY OF MENTAL RETARDATION:
IDENTIFICATION OF EXOGENOUS RISK FACTORS
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ABSTRACT

In a literature study, papers on the etiology and the exogenous risk factors for
mental retardation were reviewed extensively. The etiologic classifications
show that genetic disorders are a major cause of severe mental retardation
(SMR), whereas in more than half of the mildly mentally retarded (MMR) the
etiology is unknown. In the latter category, exogenous factors such as
malnutrition, infections, radiation and exposure to chemical substances in the
work and living environment, are considered to be important etiologic factors,
next to the psychosocial environment. Assuming multicausality in most of the
cases of (mild) mental retardation, the attention should be redirected from
case-orientated research to identification of risk factors in the population, in
order to provide a sound basis for the primary prevention of mental retardation.
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INTRODUCTION

The majority of studies on the etiology of mental retardation are concerned
with the distribution of mentally retarded cases over etiologic categories The
causes described range from genetic to socio-cultural factors, but in more than
half of the mentally retarded it is impossible to indicate the origin of the
retardation. 1 4 This large group of cases with an 'unknown' etiology and the
frequently assumed multicausahty of (mild) mental retardation, call for a
different approach towards etiologic research. In addition to the determination
of causes for the individual in a clinical setting, the identification of risk factors
in the population by means of epidemiologic methods should be emphasised. 56
The latter could give directions for the primary prevention of mental retardation, especially of the milder forms

6e

In this paper, a summary of the classification of cases in etiologic groups
is followed by a review on the identification of exogenous risk factors for
mental retardation with an unknown origin. Attention is focussed upon factors
arising in the physical and chemical environment in order to generate hypotheses about potential etiologic factors in the light of prevention

MATERIAL AND METHODS

On MEDLINE, a computerized literature search was conducted in order to find
papers on the etiology of mental retardation, excluding studies on genetic and
endogenous causes. Only a small number of original articles and reviews were
found concerning etiologic distributions or potential exogenous risk factors for
mental retardation. More studies were traced by browsing through relevant
journals. The studies on the etiology included m this review were selected
according to several criteria, such as the population size, specification of
IQ levels, the method of case-ascertainment and the diagnostic procedures.
This yielded 12 original articles that presented reliable information about the
etiologic distribution of mental retardation. 920 The etiologies found were
classified differently in almost every study, but the results were converted into
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one classification scheme, based on the time of onset of the disorder and
supplemented

by

subcategories

of

the

etiologic

factors.

The

average

frequencies must be viewed with caution, however, because of the small
number of studies and the large variability in the etiologic distributions, which
is reflected in wide frequency ranges.

ETIOLOGIC CLASSIFICATION OF MENTAL RETARDATION

The results of the etiologic classification are displayed in figure 2.5 and table
2.2. For mild mental retardation, the causal role of preconceptional/genetic
factors is negligible ( ± 7%), whereas severe mental retardation was often
described as being of genetic origin (41%) or caused by unknown factors in
the prenatal period (10%). Cases in the latter category might also be due to
(yet unidentified) genetic factors or to unknown teratogenic agents.' 4

FIGURE 2.5

Etiologic classification of severe and mild mental
according to time of onset
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TABLE 2.2

Etiologic classification of severe and mild mental
according to time of onset and etiologic factors

etiologic category
(time of onset /
etiologic factors)

1

PRECONCEPTIONAL/GENETIC
a. chromosomal anomalies
b. single gene defects

retardation

SMR

MMR

[N - 9 studies!

IN = 3 studies!

mean

range

(%)

(%»

41
32
9

mean

range

(%)

(%)

(27 - 52)

7

(1-161

II

PRENATAL
a. unknown (syndromes/CNS malformations)
b. acquired - infections and intoxications
- fetal deprivation of supply

16
10
2
4

(0-30)

17

(5-27)

III

PERINATAL
a. birth complications and traumata
b. prematurity / low birth weight

12
8
4

(4-15)

18

(7-27)

IV

POSTNATAL
- infections and intoxications
- traumata and physical agents
• psychiatric disorder

7
5
1
1

(2-11)

8

(4-12)

V

UNKNOWN

24

(12-37)

53

(43 - 60)

SMR « severe mental retardation

MMR = mild mental retardation

The pre, peri and postnatal factors together contribute to the etiology of both
SMR and MMR in ± 35-40% of the cases. Perinatal causes appeared to be
quite prevalent among the mildly mentally retarded ( ± 18%), but are rare for
SMR compared to studies conducted before 1960, in which 25% of severe
mental retardation was ascribed to birth traumata. 1 4 , 2 1 The majority of the
children with SMR suffer from structural impairments, which are accompanied
by one or more other handicaps, such as epilepsy, motor disturbances and
auditory or visual disabilities in approximately half of the cases. 6 • 22гз . Among
the MMR cases, a pathological origin is detected for no more than 25% and
the number of associated handicaps is small; only ± 15% show epilepsy and
less than 10% motor disturbances. 1 5 · , Θ · Μ ' 2 6
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In developing countries, pen and postnatal factors, such as birth traumata,
malnutrition and infections, seem to be much more important and are a likely
cause of nearly half of the prevalent cases of mental retardation. 2 ^ 2 9 However,
a relatively high prenatal and childhood mortality may have reduced the
contribution of genetic and prenatal causes to the total number of mentally
retarded children in these populations.
According to table 2.2, approximately one quarter of the etiologies for the
severely mentally retarded cannot be assessed, whereas the WHO 2 3 reported
unknown causes for SMR in 15%. Up to 10% of the etiologies are expected to
remain unknown in the future. 8 2 1 ^ In the MMR studies, more than half of the
cases were considered to be of unknown origin and time of onset, but higher
proportions up to 90% have also been reported. 1 3 4 Two schools of thinking
about 'unknown MMR' can be distinguished. Some authors see mild mental
retardation primarily as a socially defined disorder, explained by polygenetic
variation and subcultura! deprivation. Low intelligence levels are at least partly
inherited, 1 2 3 and lack of stimulation and other unfavourable conditions in the
lower socio-economic classes further determine the actual mental level
a c h i e v e d . 1 5 2 2 2 5 3 1 3 2 Other authors express the opinion that there might be an
organic pathology in many of the MMR cases with unknown etiology. Factors
such as malnutrition, infections, negative pre, pen and postnatal events and
exposure to toxins, occur more often m the lower socio-economic classes and
may cause subtle brain dysfunctions which cannot be detected with the
methods currently available. 6 3 1

Prenatal, perinatal and infantile biological

disturbances were found in 7 1 % of mildly mentally retarded children (N = 75)
originally classified as idiopathic. 33 Many cases with an unknown time of onset
are suspected to belong to the prenatal category. 34 In addition, interactions
between biological, psychological and social factors are a s s u m e d . 8 1 β 2 4 3 5

IDENTIFICATION OF RISK FACTORS FOR MENTAL RETARDATION

In view of the above, it can be postulated that mental retardation has a multi
factorial etiology, 6 3 6 except for the majority of cases m the preconceptional
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category which are due to monocausal genetic factors. Most of the cases that
originate later during the embryonal or fetal development are considered to be
caused by the combined action of several endogenous and/or exogenous
factors. 2 4 This hypothesis agrees well with the pathophysiological model of
mental retardation. Reduced intelligence is a result of suboptimal development
of the central nervous system, related to gross structural brain malformations
or to more subtle defects in the formation and maturation of the neuronal and
glial network. The latter may be due to disturbed cell division, differentiation
and migration, increased cell death, disturbed formation of neuntes, synapses
and receptors or to hormonal and neurotransmitter disturbances

37 39

This

process streches into the neonatal and early childhood period and can be
affected by a number of etiologic factors The time of exposure determines the
extent of the effect. 3 7 4 0
In most mentally retarded children, however, the exact causal process
remains obscure and reliable classification of cases into etiologic groups by
time of onset and/or etiologic factors is impossible. This calls for a shift m
attention towards the assessment of risk factors for mental retardation, which
can act independently or simultaneously

2425

In the preconceptional period,

genetic factors follow the rules for the hereditary transmission of congenital
defects, but it is unknown whether exogenous factors can also cause single
gene or chromosomal anomalies which lead to mental retardation

In the

prenatal period, many factors may affect the development of the central
nervous system Endogenous factors, such as gestational disorders, maternal
diseases like diabetes, toxemias, hormonal disturbances, fetal hypoxia and
placental insufficiency, can have a direct effect on the developing brain or may
cause fetal deprivation of supply, which can result in low birth weight and/or
prematurity The latter disorders are associated with a higher risk of mental
retardation. 8 2 4 2 Б The same accounts for a number of exogenous factors which
include infectious diseases, malnutrition, irradiation and toxic agents, such as
alcohol,

drugs,

chemicals.

624254

medicines,

environmental

pollutants

and

occupational

' These factors may also have a direct or indirect effect on

the development of the fetal central nervous system Tobacco smoke is mainly
associated with intra-uterme growth retardation. 41
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For the pen and postnatal period, complications of labour, inadequate
newborn care and physical traumata are hypothesised to be important risk
f a c t o r s , 6 2 4 2 5 next to direct effects of the already mentioned exogenous factors
and socio-cultural influences. 16 2 2 2 S 3 1

32

EXOGENOUS RISK FACTORS FOR MENTAL RETARDATION

Since endogenous risk factors are usually difficult to influence in the light of
primary prevention, the role of exogenous factors m the causal process of
mental retardation needs particular attention As described before, the social
environment is considered a major issue among the etiologic factors for
'unknown' mental retardation, and many papers deal with social inequalities as
a risk for mental retardation. Several infectious diseases and malnutrition are
well-known causes of mental retardation, although malnutrition is not regarded
as a sufficient cause in itself 2 1 2 3 " 2 S 4 2 ' 4 4 Other exogenous factors from the
physical environment, however, may be more important than formerly thought
A possible etiologic role is considered for radiation and for exposure to
chemical agents occurring in the work and living environment.
Ionising radiation is known to cause genetic defects, but during pregnancy
it may also exert a direct effect on the fetus, which results in mental retar
dation and growth retardation. 4 5 5 2 The most radiosensitive period appears to
be between 8 and 15 weeks of gestation. 5 3 Evidence for a causal role of
ionising radiation in the origin of mental retardation was derived particularly
from studies on the survivers of the atomic bombs in Japan * в 4 7 Б 1 H Moreover,
indications for effects of low doses were found after diagnostic or therapeutic
irradiation of the mother in the prenatal period 4β " 60 Associations between nonlomsmg radiation and mental retardation have not been found
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Many studies, mainly on laboratory animals, have been carried out on the
effects of alcohol, smoking, drugs and medication on the development of the
central nervous system. For a range of pharmaceutical substances, behavioural
effects have been assessed, but only the anti-convulsant
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hydantoin was

demonstrated to cause mental retardation in human beings. З В 3 3 ™

5455

Maternal

smoking is assumed to cause low birth weight and prematurity, possibly
correlated with mental retardation. 5β " 5β In cases of maternal alcohol abuse,
a strong relation between mental retardation and the fetal alcohol syndrome
(FAS) has been described. 16 5 5 S 9 " e ' It was stated that alcoholic mothers run a
20-50% risk of giving birth to a child with fetal alcohol syndrome

2

Maternal

consumption of smaller amounts of alcohol during pregnancy may also lead to
disturbances in mental development of the child. 4 1 ^
Among environmental and occupational chemical risk factors, only two
agents were found which definitely cause mental retardation. The relation
between methylmercury and mental retardation came forward in research on
Minamata and related diseases. 6 2 6 4 Children of mothers who ate contaminated
fish or cereals in the second or third trimester of pregnancy were born with a
complex of neurological symptoms, including microcephaly, cerebral palsy and
mental retardation. Methylmercury passes easily through the placenta and
accumulates m bram tissue, where it is able to interfere with neuronal growth
and development. 64 " 66 Postnatal exposure to methylmercury and exposure to
other mercury compounds may have similar effects. 6 5 6 7
Pre and postnatal exposure to lead was also found to be associated with
mental retardation 6 5 6 8 " 7 0 and with cognitive or behavioural disturbances. 7 0 7 1
A direct effect on the developing brain is assumed, next to enzymatic and
other biochemical changes. Lead exposure of the father may cause mental
retardation among offspring too. 7 2
Some other agents are suspected etiologic factors for mental retardation.
Cadmium has been associated directly with this disorder in one study, but its
mam effect is growth retardation, with possible consequences for the mental
development 6 5 7 3 " 7 5 . For organic solvents, structural defects of the central
nervous system

have been found and indications for a 'fetal

solvents

syndrome', resembling the fetal alcohol syndrome, after inhalation of solvents
by pregnant mothers. 7 5 7 7 Relations between impaired intellectual development
and anaesthetics 76 and pesticides 79 were suggested also, and confirmed m
studies on experimental animals. 7 4 7 5
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CONCLUDING REMARKS

It may be clear from this review that many aspects in the etiology of mental
retardation are still to be discovered. Thinking m terms of multicausality,
straightforward etiologic classification of the mentally retarded is impossible
and attention needs to be shifted towards identification of risk factors for
mental retardation, as a sound basis for prevention. So far, preventive action is
primarily centred around genetic counseling, ante and neonatal screening and
improvements in pre, pen and postnatal c a r e . 1 2 · " 8 0 These measures might
bring about a reduction of 10 to 15% in the overall prevalence of mental
retardation. 81 Better pre, pen and postnatal care, however, may be outweighted by a higher survival rate of premature and otherwise vulnerable
children for central nervous system disorders, leading to an increased preva
lence rate. 8 In contrast, a decrease in the prevalence of mental retardation is
gained by improvements m the psychosocial environment.
As the effects of endogenous factors in general are difficult to prevent,
primary

prevention

should

focus

on

exogenous

risk

factors, such

as

malnutrition, infections, radiation and exposure to chemical substances These
factors are considered to be major causal agents in the group of presently
unknown etiologies and probably interact with the social environment. 2 2 4

χ

However, it should be noted that nearly all the chemical agents presented in
this review were found to cause mental retardation when administered in
relatively large quantities. Risk assessment for low-dose exposure to these
chemicals has not been described. More specific research is needed to
establish the causal role of the above-mentioned and other exogenous risk
factors on the origin of mental retardation.
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ABSTRACT

A study of published work was carried out in a search for evidence of a causal
role for parental occupational exposure in the origin of structural and functional
defects of the central nervous system (CNS) in children. Studies that consider
this topic are scarce and mostly refer to broad categories of exposures and
effects. Non-occupational studies referring to environmental exposure of
humans and studies on experimental animals were also reviewed. The studies
on animals provided

straightforward

evidence

about

morphological

and

behavioural abnormalities resulting from some agents used occupationally. The
studies on humans yielded a scala of defects that could be ascribed to
exposure to high doses of various agents in the environment. Evidence for a
causal role of occupational exposure has not been found, but a highly probable
influence on the developing CNS is hypothesized for lead, methylmercury, and
ionising

radiation.

Parental occupational

exposure to

cadmium, organic

solvents, anaesthetics and pesticides may also play a part in causing defects
of the CNS. Well designed future research is needed to test the above
hypotheses.
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INTRODUCTION

The effects of occupational exposure on the nervous system of workers have
gained increasing attention over the past 20 years. Exposure to heavy metals
and organic solvents in particular have been shown to cause functional
disturbances in both the peripheral nervous system (PNS) and central nervous
system (CNS). As the developing CNS is more susceptible to exogenous
influences than the mature nervous system, 1,2 parental occupational exposure
in the pre and postnatal periods has been associated with defects of the CNS
in offspring. Exposure to teratogens in the embryonic period may lead to
structural malformations or to functional defects of the CNS at low doses.
Fetal and postnatal exposure may affect the further growth and development
of the CNS, mainly resulting in functional disturbances.' ^ 6 Moreover, exposure
to genotoxic chemicals and ionising radiation before conception may cause
alterations in the genetic material, ultimately expressed as structural or
functional defects of the CNS in offspring. 1 7 9 Evidence for these teratogenic
effects is fairly strong for certain medical drugs, ionising radiation, and
environmental pollutants accidentally occurring in high doses. 6 9 1 0 Effects of
occupational exposure on the CNS m offspring, however, have rarely been
described.
The aim of the present review was to find indications for a causal role of
parental occupational exposure m the origin of defects of the CNS in children.
To this end, publications on the teratogenic effects of agents used occupationally were extensively evaluated. Both structural and functional disturbances in
the developing brain were considered.

MATERIAL AND METHODS

To evaluate all the relevant publications,

a search was conducted

on

occupational and also environmental exposure associated with defects of the
CNS in children and in experimental animals. An online computer search on
MEDLINE from 1981 to and including 1989, with the keywords (congenital)
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CNS

diseases

or

abnormalities,

behaviour,

and

mental

retardation

in

association with teratogens, radiation, and environmental pollution or exposure
produced a large number of original articles and reviews. Additional papers
were traced through the references listed in the reviews and by browsing
through the major journals on occupational and environmental health. A
selection was made from more than 300 publications in accordance with the
following inclusion criteria:
- The paper referred to agents used in occupational settings.
-

Indications of structural or functional defects of CNS in offspring were
described in relation to prenatal or postnatal exposure.

-

No major sources of bias were present in the study.

- The paper contained sufficient information to warrant conclusions.
Eighty four original articles and 37 reviews were selected. Only 35 papers,
however, described a relation between certain occupations or occupational
exposure and defects of the CNS; the other papers referred to studies on
environmental exposure or to animal models; a great deal of caution is required
when extrapolating from studies on laboratory animals to the human brain.
Among the studies on humans, clinical series and case reports also have
limited value for the estimation of effects and the effects of occupational and
environmental exposure are best evaluated by epidemiological studies.11
Despite the lack of comparability between studies, all the papers that meet
the criteria described above were included in the review. For most studies
published before the 1980s, information from previously published reviews
was used. All the papers were critically evaluated and the relative value of
their results is discussed below. For the most important groups of agents the
available evidence is summarised in the table. Finally an appraisal is made of
the influence of parental occupational exposure on the developing CNS.

TERATOGENIC INFLUENCES ON THE CENTRAL NERVOUS SYSTEM

The developing brain is at high risk of being affected by teratogenic agents
because of its long lasting sensitivity period, which extents from the beginning
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of organogenesis to the neonatal and infantile period; the vulnerability of
undifferentiated neural cells; and lack of reproductive capacity of cerebral
neurons.2 Teratogenic insults during the early embryonic period may cause
gross structural malformations of the brain, such as anencephaly, meningo
cele,

and

hydrocephalus.

During

the

developmental

period, teratogens

influence the formation and maturation of the neuronal and glial network by
enhancing cell death and affecting proliferation, migration and differentiation of
cells, modifying the formation of neuntes, synapses, and receptors; or causing
hormonal and neurotransmitter disturbances. This influence can result m
deficiencies in the number of cells, minute defects in brain architecture, or
altered chemical composition of fetal brain tissue culminating in permanent
functional disorders. 1 3 5 β 1 2 The most susceptible period is between 10 and 18
weeks of gestation during which
place,'

,э

intensive

neuronal

proliferation takes

but the development of the brain extends into the neonatal and early

childhood period. The time of exposure determines the nature of the abnor
mality, which depends on the specific CNS structures damaged.2 ^ 2 Long term
as well as brief exposure may pose a threat to the fetal brain, 29 at doses that
inflict only minor or transient damage to the CNS of the adult' and which are
far below the threshold limits for major malformations.5'2 During pregnancy,
the placenta and the blood brain barrier of the fetus can be permeated by
virtually any type of substance and the fetus can even concentrate terato
gens. 69 In the postnatal period, exposure to agents which concentrate in
maternal milk can be substantial.14 Parental exposure to teratogenic agents
preconception may cause genetic damage or other disturbances, which can be
reflected in defects of the CNS in offspring.' 7e It is often difficult to assess
whether prenatal or postnatal exposure or exposure preconception should be
held responsible for a particular teratogenic effect.

DEFECTS OF THE CENTRAL NERVOUS SYSTEM AND PARENTAL EXPOSURE
Publications on occupational exposure and reproductive defects have been
reviewed many times, but effects on the CNS in offspring have only rarely
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been described.14"17 Some epidemiological studies related malformations of the
CNS in general to mothers who were sales workers, 18 industrial or construction
workers, 19 or who were employed in manufacturing industries. 20 Moreover, an
association was found between brain tumours in children and mothers exposed
to chemicals, and fathers exposed to solvents and paint, 2122 working in the
aircraft industry, 22 ' 23 or in the printing, chemical, or petroleum industries

24

The

same applied to fathers working in industries with exposure to ionising radiation, 25 in agriculture, in metal related jobs, or in the construction industry. 26
The results for the fathers refer to exposure preconception but exposure during
gestation and lactation - for instance, when fathers bring home soiled
clothing - cannot be ruled out. Effects of specific occupational exposure on the
developing

brain were

not

described

in these

studies.

In other

(non-

occupational) studies, indications of defects of the CNS in offspring were
found after parental exposure to lead, mercury, cadmium, organic solvents,
anaesthetics, pesticides, and ionising radiation. The available evidence for
effects of these agents is reviewed in the sections below.

Lead
Lead is a widely used industrial chemical. Occupational exposure to inorganic
lead occurs in lead smelters, construction works, plastics production, jobs with
paint and dyes, and in the printing, ceramics, galvanic, and electrotechmcal
industries. Inhalation of lead fumes and dust is the mam route of exposure in
adults, but ingestion might also occur. Organic lead is a major component of
petrol, which can be inhaled as well as absorbed by the skin - for example, by
workers in petrol stations and policemen working m polluted urban areas. Lead
can easily pass the placenta and the blood brain barrier and it accumulates in
brain tissue as well as in breast milk. 142728 It may affect the fetal CNS by a
direct toxic effect on neurones, inhibition of enzymes, or other biochemical
changes. 2930 Studies in animals have shown gross and microscopic cerebral
lesions in different species of animals exposed prenatally to lead, 3031 and
behaviour and learning ability was shown to be impaired in other studies. 3233
Neurological deficits can also result from postnatal exposure, through breast
feeding for example. 34
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In studies on humans, no gross structural malformations of the CNS were
found in relation to exposure to lead. Studies on behavioural effects, however,
are numerous. Prenatal exposure to lead was related to minor malformations, 35
mental retardation 29 3e 37 and impaired cognitive development. 38

Postnatal

exposure and exposure to low lead concentrations in young children, often
measured as the concentration of lead in blood or teeth, have been associated
with impaired cognitive and behavioural functioning. 3944 It is also possible that
the association can be reversed and functionally handicapped children may
have a higher lead intake than healthy children. 45
No studies were found that reported a relation between occupational
exposure to lead and defects of the CNS in offspring. Animal experiments,
however, and environmental studies on lead pollution provided substantial
evidence that exposure to lead may affect the CNS both prenatally and postnatally. It may be hypothesized, therefore, that parental occupational exposure
to lead could have adverse effects on the developing brain.

Mercury
Compounds of mercury can be divided into organic, inorganic, and metallic
mercury. Methylmercury is used m fungicides, wood and paper preservatives,
and in the pharmaceutical industry together with other organic

mercury

compounds. In occupational situations, intake occurs through inhalation and
skin contact. 2 7 2 8 Methylmercury passes easily through the placenta and
accumulates in brain tissue. A reduction in brain size and disturbances m the
cerebral architecture due to interference with neuronal growth and migration
underlie the effects on the developing CNS. 3 7 4 6 4 7 Biochemical disturbances
have also been found in studies on animals.48"50
Evidence for a teratogenetic role for methylmercury m defects of the CNS
dates back to 1953, when a disastrous outbreak of methylmercury poisoning
occurred in Japan. Children of mothers who ate contammed fish were born
with fetal Minamata disease, a complex of neurological symptoms including
cerebral palsy, ataxia, pathological reflexes, disturbed psychomotor development,

and

mental

retardation

often

accompanied

by

microcephaly ^

Comparable symptoms were described in cases of acute prenatal exposure to
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methylmercury m Iraq. 52 Studies with animals have shown the same defects
with additional exencephaly, hydrocephalus, and behavioural disturbances. The
effects of methylmercury on the fetal CNS of humans and animals have been
extensively studied and reviewed. 37 46B3"S7 Differences in the intensity and
duration of exposure and the stage of gestation at which exposure occurs,
define the extent of the effect. Postnatal exposure to methylmercury through
lactation may result in high tissue concentrations, but the infantile brain seems
to be less vulnerable than the fetal brain. 37 4e
So far, occupational exposure to methylmercury has not been studied in
relation to defects of the fetal CNS. Although the concentrations that reach
the fetus or infant may be lower than in the above mentioned studies on
humans, effects on the CNS certainly cannot be excluded.
Inorganic mercury compounds are sometimes present in pesticides and
antiseptics and are used in the electrical appliance and paint industries. After
inhalation or ingestion by the mother, they are rapidly dissolved in blood and
deposited in the placenta. As a result, normal growth and development of the
fetus may be reduced. Abnormal behavioural patterns have been observed in
experimental animals. The full effect of inorganic mercury on the fetal CNS is
as yet unknown, however 5 3 5 e
Exposure to metallic mercury vapour may occur in the production of
medical and scientific

instruments, in the chemical and

industries, in laboratories, and in dental surgeries.

272956

electrotechmcal

Although it crosses the

placenta rapidly and accumulates in the fetal brain, only a few studies have
been carried out on the prenatal effects of mercury vapour.37 Two cases of
severe congenital brain damage after occupational exposure to mercury vapour
have been reported. 58 Because of nervous excitibility in adults, an exposure
limit of 0.01 mg/m 3 instead of 0.05 mg/m 3 is recommended for pregnant
women. 58 Both inorganic and metallic mercury can be transferred through
breast milk and be accumulated m the infant. Therefore, it also seems justified
to expect effects on the CNS after exposure during the postnatal period. 3746

Cadmium
Exposure to cadmium is associated with modern industrial processes such as
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the manufacture of batteries, alloys, paints, pesticides, plastics, and electroplating. Inhalation is the primary route of industrial exposure; smoking also
makes a relatively large contribution to the body burden of cadmium. 2728 The
placenta acts as a partial barrier to cadmium by accumulating it, but a small
amount, nevertheless, reaches the fetus. It is also transferred to neonates
through lactation. Some studies on animals reported exencephaly because of
incomplete closure of the neural tube, or more insidious effects, such as
increased
deficits.

5 5S

vacuolation,

haemorrhage,

and

behavioural

and

learning

^ There are no data available on the effects of prenatal or postnatal

exposure to cadmium in humans, but in an epidemiological study, Marlowe
et al found an association between mental retardation and raised concentrations of cadmium in hair in school age children. 41 This indicates that cadmium
may cause gross malformations as well as subtle behavioural effects, possibly
mediated by the alteration of neurotransmitter systems. 61
The mam effect of exposure to cadmium is retardation of fetal growth,
probably caused by changes in the structure of the placenta and a reduction in
uteroplacental blood f l o w 5 1 4 3 7 This may be critical for the CNS, which is
incapable of compensating for decrements in growth once the neural cells
have matured. 60 It is not possible to conclude whether any of the above
mentioned effects can result from actual occupational exposure levels because
of the imperfect information to date.

Organic solvents
Organic solvents are widely used in industry for cleansing, degreasmg,
extraction, and as chemical intermediates. They are also used in laboratories
and medical occupations and as components in paint, printing ink, and
pesticides. Inhalation and absorption through the skin are the two major routes
of exposure. Most solvents can pass the placental barrier; they are stored in
fatty tissue and are excreted in breast milk. 142728 No environmental studies or
studies on experimental animals showed a relation between exposure to
solvents and gross defects of the CNS. A few studies indicated subtle
behavioural and biochemical effects in laboratory animals.62"64 Case reports
were found on children with delayed development, microcephaly, and mental
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retardation resembling the fetal alcohol syndrome after toluene inhalation
abuse by the mother.65 · ·
Several studies have been published on the neurobehavioural effects of
occupational exposure to solvents m adults but studies on fetal or postnatal
exposure are scarce and most of them fail to establish a relation with defects
of the CNS. Maternal laboratory work was associated with an increased
frequency of all congenital malformations in four studies. 67 70 A relation
between defects of the CNS and exposure to organic solvents during the first
trimester of pregnancy was found in one case-referent study in Finland, with
an odds ratio (OR) of 5 5.71 When the study was extended for three more
years, the association vanished.72 A recent study also failed to show an
association between exposure to low concentrations of organic solvents m
industry during gestation and adverse neurodevelopmental outcomes
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A

study based on occupational titles in Denmark showed that malformations of
the CNS were related to fathers exposed to solvents (OR = 2.8) and employed
as painters (OR = 4.9). 74 This result is indirectly supported by the association
demonstrated between painting and exposure to solvents and brain tumours in
children. 2122
There is little evidence that structural or functional defects of the CNS are
due to parental occupational exposure. The number of studies is, however,
small and the group of organic solvents represent a wide range of different
agents. Bearing in mind the well known neurobehavioural effects on the
mature nervous system, organic solvents may be regarded as potentially
hazardous agents for the developing brain.

Anaesthetic gases
The effects of anaesthetic gases such as halothane and nitrous oxide on reproductive outcome have been of great concern to anaesthesiologists, operating
room personnel, surgeons, dentists, and dental assistente for many years. The
studies on this topic have been reviewed b e f o r e . 1 ' , 4 5 5 7 5 7 7 Various effects
were reported including an increased frequency of congenital malformations;
defects of the CNS were not mentioned separately, but one study showed a
concentration of anomalies in the brain and possibly impaired intellectual
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development in children. 78 This result was supported by studies on animals in
which neurobehavioural

changes were seen after prenatal and postnatal

exposure to inhalant anaesthetics. 7 9 8 1 The published material does not allow
conclusions to be made about the potentially harmful effects of anaesthetic
gases on the CNS in the fetus and infant.

Pesticides
Occupational exposure to pesticides mainly occurs through inhalation and skin
contact during production, formulation, and agricultural usage. Pesticides can
be divided

into insecticides

(organophosphates,

such as

parathion

and

malathion and cyclic chlorinated pesticides such as DDT), herbicides (for
example

2,4-0

and

2,4,5-T),

halogenated

aliphatic

pesticides

used

fumigants (for example, methylbromide) and fungicides (mostly
compounds).

142728

as

mercury

Studies with experimental animals encompassing several

insecticides suggested fetotoxic effects at high doses, and altered learning
patterns and behavioural effects at concentrations below those experienced in
occupational e x p o s u r e . 9 1 4 6 5 β 2 Prenatal exposure of rats to low concentrations
of 2,4,5-T also led to long term effects on behaviour, 8 3 ^ and exposure to the
fungicide benomyl caused craniocerebral malformations. 85

86

Studies on reproductive outcome in humans referred particularly to
parental exposure to herbicides. 8 7 8 8 Several studies suggested a possible
increase in birth defects but a greater occurrence of malformations of the CNS
was not found. One case report described a child with severe

mental

retardation that may have been related to parental exposure to 2,4-D. B9 No
clear associations were found between congenital malformations and exposure
to dioxms, 9 0 9 1 agricultural workers, 9 2 9 3 or exposure to other pesticides. 1 ' 1 ' 1
High concentrations of some insecticides are excreted in maternal milk but no
effects were described in breast fed infants. 1 4 Studies on laboratory animals
suggested that various pesticides have teratogenic effects on the developing
CNS but studies on humans were inconclusive regarding the risks of parental
occupational exposure. The effects of exposure to low doses of pesticides in
humans are difficult to investigate, however, because of the problem of finding
pesticide free control populations.9
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Other occupational chemicals
Among the heavy metals, occupational exposure to arsenic could be seen as
possibly teratogenic to the CNS, in addition to lead, mercury, and cadmium. A
few

studies

exencephaly.

55

on

animals

described

congenital

abnormalities

including

In studies on humans conducted in the vicinity of a metal

smelter in Sweden, 14 increased frequencies of congenital malformations were
found but defects of the CNS were not specified. Arsenic may not have been
the only substance responsible for these findings.
In the plastic and rubber industry, some agents, such as vinyl chloride,
stryrene and chloroprene, are suspected of being teratogenic, but contradictory reports about the occurrence of defects of the CNS in offspring' 4 do
not allow us to draw conclusions.
Effects of polychlormated biphenyls (PCBs) used in the manufacture of
plastics, condensers, and batteries, have been described for both prenatal and
postnatal exposure. Behavioural and developmental abnormalities after transplacental exposure were found in animals94 95 and children

96 97

The transfer of

PCBs through breast milk, however, is probably more important than placental
transfer.' 1 4 Breast fed children showed higher serum PCBs and some neurological impairment." "

A similar association was suggested between poly-

brommated biphenyls (PBBs) and developmental abilities in children.100 A
relation with parental occupational exposure to PCBs or PBBs has not been
described, but cannot be ruled out.

Radiation
Exposure to ionising radiation is an issue m many occupations, not only in
nuclear power plants and radiography departments in hospitals, but also in the
construction industry, the chemical and farmaceutica! industries, in food
processing, and in research. Ionising radiation is known to cause genetic
defects, but it may also exert a direct effect on the fetus leading to microcephaly, mental retardation, and growth retardation. 10 ' ' 0 2 The most relevant
information on prenatal exposure in humans was found in studies on the
survivors of the atomic bombs in Japan. ,03 " 10e Obvious relations were found
between the above mentioned effects and exposure to doses of over 50 rad.
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The most radiosensitive period seems to be between eight and 15 weeks of
gestation, the period in which rapid proliferation and migration of neuroblasts
occurs. If the fetus is exposed to ionising radiation before week eight or after
week 20 of gestation, only minor effects on the CNS are to be expected. 101
These results were confirmed in studies on experimental animals107 m which
gross malformations of the CNS108"110 and behavioural effects were also
found. 111112 The behavioural changes were associated with low doses of
ionising radiation. Indications of effects of low doses on the developing CNS
were reported for humans after diagnostic or therapeutic irradiation of the
mother during gestation,113"115 although recent studies on exposure to environmental radiation failed to show any increase in congenital malformations. 1191 ' 7
Postnatal exposure to ionising radiation was associated with impairments in
the CNS in only one study. 118 Reports of studies on parental occupational
exposure have not been found, but the available evidence indicates that
effects on the fetal CNS are possible, even at low levels of ionising radiation.
Studies of the effects of non-ionising radiation, such as microwaves and
radio frequencies, on humans did not show any CNS or other congenital
defects. Behavioural changes were found in rats after prenatal radiation with
microwaves. 119121

SUMMARY AND CONCLUSIONS

The effects of exposure to agents used occupationally on the developing CNS
are summarised in table 3 1. On the basis of the information available (number
and quality of studies combined with the results) a classification is made into
obvious, probable, and possible effects. 'Negative' studies were not taken into
account

m this

review.

For most

agents, a number

of

studies

with

experimental animal studies have been performed, which provide relatively
straightforward

evidence

regarding

both

morphological

and

behavioural

abnormalities. High levels of exposure were often used in these studies,
however, and the reliability of extrapolation to defects in the CNS of humans
is questionable Studies on humans include epidemiological surveys, large case
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TABLE 3.1

Summary of effects of prenatal and postnatal exposure on
developing brain, classified as obvious, probable, or possible

period
(pre or
postnatal)

effects in
experimental
animal studies

effects in
environmental
studies

F#

exposure category

lead
methyl mercury
other mercury
cadmium
organic solvents
anaesthetics
pesticides
PCB or PBB
ionising radiation

effects m
occupational
studies

pre
post
pre
post
pre
post
pre
post
pre
post
pre
post
pre
post
pre
post
pre
post

++

+

±

+ +

+ +

+ +

+ +
+ +
++

±

+
+
• +

+ +

+ +

++

+
+
+ +
±

+ + = Obvious; + = probable; ± = possible.
* S = Structural CNS defects; F = functional CNS defects.
9
Including paternal exposure and brain tumours

series, and also single case reports that mostly refer to environmental
'accidents' with exposure to high doses. Few epidemiological studies were
found and some showed methodological shortcomings. The case reports only
gave tentative indications of defects; larger case series were more informative
in this respect. The results from the different types of study, which often
yielded contradictory or inconsistent information, are weighted in the classification m the table. Studies on occupational exposure were scarce and most
of them addressed congenital malformations as such, sometimes highlighting
defects of the CNS. Unfortunately, a broad range of exposures or occupations
were often evaluated, making these studies mconlusive.
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Despite the large number of papers addressing this subject in general,
there is no direct evidence that defects of the CNS in offspring are associated
with

parental

occupational

exposure

during

gestation.

The

information

obtained from non-occupational studies, in which a scala of structural and
functional defects of the CNS were found, is inadequate to form sound
conclusions about occupational exposure, but some hypotheses may be
formulated. A causal role of parental occupational exposure in the origin of
defects of the CNS is:
- probable, for lead, (methyl) mercury, and ionising radiation;
- possible, for cadmium, organic solvents, anaesthetics and pesticides;
- not to be excluded, for other chemicals and non-ionising radiation.
There are still large gaps in our knowledge on the influence of parental
occupational exposure on the developing CNS that call for well designed future
research. So far, most studies have referred to broad categories of exposure
and effects, which usually lead to misclassification obscuring any possible
evidence of an association. Future research should focus on relating specific
exposures to specific effects, with the emphasis on the validity of estimation
of exposure and assessment of outcome. The available evidence at this
moment stresses the urgent need to test hypotheses regarding a causal role of
parental occupational exposure to the agents described above in the origin of
defects of the CNS in offspring.
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ABSTRACT

We conducted a validity study to assess whether information bias from differential misclassification of occupational exposures occurred in a case-referent
study on mental retardation and parental occupation. The colleagues of 42
case parents and 38 referent parents were traced and interviewed with a
questionnaire similar to that used for the parents. Within each parent-colleague
pair, Cohen's kappa coefficient was calculated as a measure of agreement
between the reported occupational exposures. Averaged across pairs, the
mean kappa coefficient was 0.48 (95%CI = 0.40 - 0.56) for case pairs and
0.46 (95%CI = 0.38 - 0.54) for referent pairs, indicating little evidence for
differential reporting of exposures between cases and referents. Our results
also indicate that colleagues are eligible substitute respondents for information
on occupational exposures.
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INTRODUCTION

In epidemiologic studies on congenital defects and occupational exposures, the
case-referent approach is often used because of low prevalences and multiple
exposures.1,2 The retrospective character of these case-referent studies,
however, poses a problem in the assessment of exposure.3-5 The lack of valid
registration systems for occupational exposures requires researchers to gather
information through interviews, in which the accuracy of the information
depends on the memory of the participating persons. Memory is influenced by
factors such as the interview method, the time interval between exposure and
interview, the educational level of the participants, and the involvement with
and knowledge about the hypothesis under study. 1,67 Bias in estimating the
effect of occupational exposures may result from nondifferential misclassification, if the information from cases and referents is equally inaccurate, or
from differential misclassification, if the accuracy of information

differs

7

between the two groups. It is often possible to adjust the odds ratio for both
differential and nondifferential misclassification by comparing the interview
results with a so-called gold standard. 8 ' 10 Without such a standard, usually
only differential misclassification can be evaluated. 1112
In this paper we

assessed the presence of

information

bias

from

differential misclassification in a case-referent study on mental retardation in
offspring and parental occupational exposures. Information bias could have
been caused in this study by the interviewers, who knew the nature of the
child's handicap (observer bias), or by a differential recall of exposures by case
and referent parents (responder bias). 7 · 1314 To reduce responder bias in the
above-mentioned study, physically handicapped children rather than healthy
children were chosen as referents. The present study was performed to
evaluate this choice of referents and to assess the degree of differential
misclassification that remained. Therefore, current or former colleagues of the
parents were used as dual respondents. Nondifferential misclassification could
not be evaluated, because a gold standard for the occupational exposures was
not available.
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SUBJECTS AND METHODS

In the main study, the case group consisted of 306 children who were
mentally retarded for unknown reasons. The referent group comprised 322
children with a congenital physical handicap, for which the cause was known
and not related to parental occupation. The parents of these children were
questioned at interview about an 18-month period starting three months
before the conception of the child. At the time of the substudy, the interview
had been completed for 63.5% of the parents (233 cases and 176 referents).
To be eligible, a parent had to have reported a job that indicated possible
exposure to chemicals. Only one parent was selected for each child (201 case
parents and 159 referent parents). These parents were asked by letter for
names and addresses of current or former colleagues who performed exactly
the same job in the same workplace during the period of interest. Although the
overall response rate was 69.9% (135 cases and 113 referents), only 46 case
parents (22.9%) and 42 referent parents (26.4%) provided a usable address of
at least one colleague of the same gender who held the same job. The others
either did not have eligible colleagues or noted incomplete or expired addresses
on the answer form. The letter of invitation to the colleagues stated that a coworker had already been interviewed about the working conditions during a
specific period in the past. To avoid biased responses, the colleagues were not
informed of the name of the matched parent or of the presumed relation
between mental retardation and parental occupation. When a colleague was
not willing to cooperate, another colleague of the same parent was invited.
A total of

101 colleagues were approached, of whom 84 (83.2%)

consented to participate in an interview. The interviews were identical to the
parents' interviews regarding occupational exposures, but were shortened on
some other items that were deemed irrelevant for the validity study. They
were

performed

by

two

interviewers

who

were

blinded

toward

the

case/referent status of the colleagues. A calendar was used to focus attention
on the time period of interest. The interview itself consisted of a number of
general questions about the job, and an industry-specific exposure list that
included all chemical substances used in the occupational group to which the
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TABLE 4.1

Number of parent-colleague pairs that completed the different
industry-specific exposure lists

industry-specific
exposure list (number
of possible exposures)

main groups of exposures

parent-colleague
pairs per list
cases referents

A - agriculture
(44)
B-- mining / transport
(39)
C - chemical industry
(68)
E- metal industry
(39)
F- construction
(41)
G - health service
(38)
H - commerce / service
(59)

organic solvents, pesticides

8

5

heavy metals, fuel, organic solvents

8

3

heavy metals, dyes, organic solvents,
pesticides
heavy metals, organic solvents

7

5

7

8

heavy metals, paint, organic solvents

β

5

organic solvents, disinfectants,
anesthetics
heavy metals, paint, organic solvents,
pesticides

5

4

1

8

The number of possible exposures includes ell chemical substances used in the occupa
tional group; the number of expected exposures per job is only a proportion of the number
of possible exposures

respondent's job belonged (table 4.1). Information was also obtained on
factors such as age and education that may affect a person's memory and
therefore the degree of misclassification.
The interviews of four colleagues had to be excluded, because their job
turned out to be different from the parent's job. Consequently, 42 parentcolleague pairs for the cases and 38 parent-colleague pairs for the referents
were included in the analysis. Within each pair, the reported exposures were
compared between parent and colleague and measures of agreement and dis
agreement were calculated for each pair (tables 4.2 and 4.3). These measures
(percentage of positive discordance, percentage of agreement, and kappa
coefficient) were then averaged across the 42 case pairs and the 38 referent
pairs. The differences between case and referent pairs in median percentages
of agreement and positive discordance were tested by the Wilcoxon rank sum
test. Differences m the mean kappa coefficients and in the mean number of
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reported exposures w e r e also evaluated. In further analyses only the kappa
coefficient, w h i c h is t h e agreement adjusted for c h a n c e , ' 5 w a s used.
Because the number of possible exposures on the various exposure lists
w a s considered t o be related t o agreement by chance, a possible association
b e t w e e n this variable and the kappa coefficient w a s checked in a Spearman
rank correlation analysis. The same analysis w a s performed for t h e number of
reported exposures t h a t w a s considered t o reflect the prevalence of exposure.
To assess t h e influence of potential confounding f a c t o r s , the distribution of
these variables w i t h i n and across pairs, as well as their kappa coefficients,
w a s examined

(tables 4 . 4 and 4 5)

Simultaneous

e f f e c t s of the potential

confounding variables w e r e analyzed m a multivariate linear regression model
in w h i c h the kappa coefficient w a s t h e dependent variable

TABLE 4.2

Examples of the calculation
disagreement

of the measures

pair (example!

reported exposures (underlined)

pair X

parent
colleague

lead
lead

pair Y

parent
colleague

alcohol
alcohol

% of positive discordance
% of agreement (P0)
% of agreement by chance IP,*)
kappa coefficient (P, - P,/100 -P.)

zinc
zinc

phenol
phenol

glycol
glycol

MEK
MEK

of agreement

CS2
CS2

paint
paint

formaldehyde
formaldehyde

N20
N20

X 1/8 = 12
7/8 = 87
56
0

5%
5%
3%
71

Y

fuel
fuel

1/5
3/5

and

dust
dust

halothane
halothane

20
60
52
0

0%
0%
0%
17

' calculated with the marginal totals of a 2 χ 2 contingency table'6

RESULTS

On the average, t h e number of reported exposures per job amounted t o 1 7 . 8 %
of the number of possible exposures on the industry-specific exposure lists
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Case parents reported a mean of 7.4 exposures and their colleagues 8 2; for
referent parents and colleagues the mean numbers were 9 6 and 8 . 1 ,
respectively. The mean difference in exposures reported by parents and
colleagues was -0.83 (95%CI = -2.13 - 0.47) for the cases and 1 45 (95%CI
= -0.59 - 3.49) for the referents. Thus the referent parents seemed to report
slightly more exposures than their colleagues, whereas case parents mentioned
fewer exposures than their colleagues.

TABLE 4.3

Measurements of agreement and disagreement averaged over
case and referent pairs

measure of (dis)agreement
% positive discordance
% of agreement

kappa coefficient

cases
median
Q, - Q,
47
87 5

93
13 1

referents
median
Q, - Q,
59
87 1

118
15 2

mean

SEM

mean

SEM

0 48

0 04

0 46

0 04

Q3 - Q, = interquartile distance; SEM = standard error of the mean

The measures of agreement and disagreement for each parent-colleague pair,
calculated separately and averaged over case and referent pairs, gave no
indication for differential misclassification (table 4 3). The median percentage
of positive discordance was lower for cases (4.7%) than for referents (5 9%),
but the difference was not striking (Wilcoxon test, ρ = 0.15). The median
percentages of agreement were almost equal for case and referent pairs; the
mean kappa coefficient was 0.48 (95%CI = 0.40 - 0 56) for case pairs and
0.46 (95%CI = 0 38 - 0.54) for referent pairs. In the Spearman rank corre
lation analysis, the kappa coefficient appeared to be virtually independent of
the number of possible and reported exposures, which were regarded as
parameters for agreement by chance and prevalence, respectively (correlation
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coefficients -0.14 and 0.15). Therefore, the kappa coefficient could be used in
further analyses without adjustment for differences in distribution of the
number of exposures over case and referent pairs.
Gender,

age, education, occupational

group, and

lag time

(interval

between the period of interest and the interview) were considered to be
potential confounding factors. By the design of the study, parents and
colleagues were matched individually on gender, occupation, and lag time;
differences within pairs were seen for age and education (tables 4.4 and 4.5).
The age difference between parents and colleagues was (negatively) correlated
with the kappa coefficient, but did not confound the results as it was almost
equal for case

and referent pairs

(table 4.4)

For the

other

potential

confounding factors, neither the mean kappa coefficients nor the distribution
over cases and referents showed any substantial differences that could lead to
confounding (table 4 5).

TABLE 4 4

Distibution of age and lag time over cases and referents and
Spearman correlation coefficients with kappa (г )
cases

variable
age of parent (yr)
age difference (yr)
(parent - colleague)
lag time (yr)

referents

median Q3 - Q,

median Q3 - Q,

39.0

63

39 5

10 0

65
95

73
60

55
12 5

65
73

correlation
',„

p-value

0 04

0 76

-0 27
0.12

0 02
0 29

Lag time matched within parent-colleague pairs, Q3 - Q, = interquartile distance

In a linear regression analysis, the influence of the case/referent status on the
kappa coefficient was negligible (ò = -0.02). The latter estimate appeared not
to be confounded by any combination of potential confounding factors. The
best multivariate model contained the kappa coefficient as the dependent
variable and case/referent status, occupational group, and age difference as
independent variables. The total variance explained by this model (RJ) was no
more than 0.14.
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TABLE 4.5

Distribution of gender, occupational group and education
cases and referents mean kappa coefficients
case?

variable
gender parent/colleague*
male
female
occupational group'
industry
construction
commerce
service
education of parent
low level
medium level
high level
education difference
(parent • colleague)
none
one level

rçferents

over

mean

η

(%)

η

(%)

kappa

31
11

(74)
(26)

29
9

(76)
(24)

0 47
0 47

21
6
7
8

(50)
(14)
117)
(19)

15
7
5
11

(40)
(18)
(131
(29)

0
0
0
0

27
11
4

(64)
(26)
(10)

26
9
3

(68)
(24)
(8)

0 47
0 47
0 49

27
15

(64)
(36)

18
20

(47)
(53)

0 47
0 46

41
60
48
47

• Matched within parent-colleague pairs
* Matched within parent-colleague pairs on job; classification slightly different from
table 4.1

DISCUSSION

No evidence

for differential misclassification

of

occupational

exposures

emerged from the present study. None of the measures of agreement and
disagreement demonstrated information bias caused by overreporting of
exposures by case parents. On the contrary, the mean number of reported
exposures and the percentages of positive discordance suggest that the
referent parents, instead of the case parents, reported slightly more exposures
than their colleagues.
In general, the degree of misclassification can be ascertained by gathering
information from one or more extra sources and calculating the percentage of
agreement or disagreement or Cohen's kappa coefficient.' 5 ' 6 Some limitations
are attached to these measures, however. The percentages of agreement and
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disagreement are not adjusted for agreement by chance, and both measures,
as well as the kappa coefficient, generally depend on the prevalence of the
variable under study.' 2 For this reason, a conditional kappa (Coleman-Light
measure of conditional agreement) is sometimes calculated. 1617 In this study,
however, the kappa coefficient appeared not to be associated with the
prevalence of exposure, expressed in the number of reported exposures. It was
also independent of the number of possible exposures (a parameter for
agreement by chance), unlike the percentages of agreement and positive
discordance. Thus Cohen's kappa coefficient was regarded as the most
appropriate measure of agreement.
Confounding of the above-mentioned results could occur on two levels
within parent-colleague pairs and m the comparison between cases and
referents. Within each pair, parents and colleagues were matched on gender,
occupation and lag time, but no allowences could be made for differences in
age and education. Because of small numbers, no matching of case pairs to
referent pairs was performed. None of the potential confounding factors,
however, was found to influence the results. The time interval between the
interview and a change in employment situation could also be important, 18 as
the parents were not asked about their current employment status, this
interval could only be evaluated for the colleagues. No relation existed
between the kappa coefficient and a change in work situation, so it seems
unlikely that differential misclassification arose by this means
We had assumed that mothers would present a higher degree of responder
bias than fathers, but the number of exposed mothers was too small to restrict
the study to women. Although only 80 parent-colleague pairs were studied out
of a total of 399, there are no indications that this study population was
severely influenced by selection bias. Power calculations showed that the
number of participants was sufficient to detect a difference of 0.12 in the
mean kappa coefficients, which is half the standard deviation of the kappa
coefficients

that

we

report.

Nondifferential

misclassification

may

have

detracted from our ability to detect differential misclassification, but this
possibility cannot be assessed without a gold standard. The relatively low
values of the kappa coefficient seem not to be caused by nondifferential
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misclassification alone, however

For one thing, the prevalences of actual

exposure per job were low in comparison with the detailed industry-specific
exposure lists. Low prevalences are associated with low values of the kappa
coefficient as a result of a relatively high degree of agreement by chance.' 2 For
another, within most pairs the number and kind of reported exposures did not
differ much between parent and colleague. Furthermore, the occupational
hygiënist who checked the results did not note any important deviations from
the number and kind of exposures expected per job.
In studies on information bias using dual respondents, relatives are usually
chosen as the second source of information. The value of information obtained
from relatives, however, depends on the kind of information. For medications,
smoking habits, and job titles, agreement appears to be high
poorer for job histories."^

6

1922

Agreement is

With colleagues as dual respondents, the job

anamnesis can be regarded as an auto-anamnesis, as long as the colleagues
are comparable for occupational variables. For colleagues it is also more likely
that data from the two sources are independent.27

For these reasons,

colleagues were chosen as dual respondents in this study.
We conclude that no substantive differential misclassification of occupational exposures occurred m the present validity study. This result supports the
idea that the choice of physically handicapped children as referents for
mentally retarded cases was reasonable with respect to avoidance of information bias. The applicability of these findings to other studies is uncertain, but
the methodology could be used in other contexts. Our results also indicate that
colleagues are at least as good and possibly better substitute respondents than
relatives for information on occupational exposures.
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ABSTRACT

In an epidemiologic study, parental alcohol consumption and smoking before,
during, and after pregnancy were studied as possible risk factors for mental
retardation in offspring. The parents of 306 mentally retarded children (cases)
and 322 physically handicapped children (referents) were interviewed about
their lifestyle habits from 3 months preconception to 6 months postnatal.
Odds ratios with 95% confidence intervals were calculated as risk indicators.
For fathers who smoked a pipe or cigars, an odds ratio of 2.4 (95%CI:
1.2-5.1) was observed. Maternal alcohol consumption was increased among
the case mothers with risk ratios ranging from 1.7 (95%CI: 1.2-2.3) preconception to 1.4 (95%CI: 1.0-2.0) during the fetal period. These risks were
more pronounced for the mothers who consumed ¿ 3 drinks/day once or twice
a week. This study suggests that paternal smoking and maternal alcohol
consumption are risk factors for mental retardation in offspring.
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INTRODUCTION

Primary prevention of mental retardation, which has a prevalence close to
3%,'

poses a major

challenge

for today's

community

health services.

Knowledge of the etiologic factors is essential to direct preventive action, but
in more than half of the mentally retarded, the etiology remains unknown. 1 3 In
these cases, polygenetic variation combined with social deprivation is said to
be the major causal factor, 1 4 but physical and chemical factors 4-7 may also
play an important role. Common social habits, such as smoking and alcohol
consumption, are particularly suspect. Alcohol has been known as a teratogenic agent for centuries and fetal alcohol syndrome, 8-10 comprising a complex
of symptoms including mental retardation, is frequently seen in offspring of
pregnant women who consume excessive quantities of alcohol. The effects of
moderate or mild alcohol consumption during pregnancy are less obvious; only
a few studies demonstrated associations with behavioral disturbances in
offspring. 1113 Smoking during pregnancy is mainly associated with mtra-uterme
growth retardation, 1416 but some studies report cognitive maldevelopment as
well.16"19 Therefore, we studied the possible effects of parental smoking and
alcohol consumption just before, during, and after pregnancy on the origin of
mental retardation.

METHODS

In an epidemiologic study, 340 mentally retarded children with unknown
etiology (cases) were compared with 362 children with other congenital
anomalies for which the cause was known (referents). Both groups were
selected concurrently from the medical files of children referred to the Pediatric
or Child Neurology department of the Nijmegen University Hospital or to
rehabilitation centers in the vicinity from 1979 to 1987. The age at admission
was 0 to 15 years. No matching was performed.
The diagnoses of the cases included mental and psychomotor retardation
(ICD codes 317-319) with an I Q < 8 0 . Thorough etiological examination,
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including family and pregnancy history, neurological and physical examination,
and neurophysiological, neuropathological, neuroradiological, biochemical, and
cytogenetic studies, did not reveal a specific cause for the retardation. Thus
the pre, pen and neonatal development of the cases was uneventful, and
genetic or obvious morphologic causes for the retardation as well as metabolic, endocrinologie, immunologic, and other disorders were ruled out. The
mam referent diagnoses were familial neuromuscular and metabolic disorders
(ICD 3 3 4 . 1 , 335, and 359.1) and cerebral palsy (ICD 343) of known origin.
Genetic factors (45.4%) and severe birth traumata (41 6%), which were not
associated with the risk factors investigated, were the predominant causes for
the congenital defects among the referents.
Anamnestic data on pregnancy, delivery, and familial disorders were
abstracted from the medical files. The parents of cases and referents were
invited to participate in an interview about the 'critical period' that ranged from
3 months preconception to 6 months postnatal, since the development of the
brain continues even after birth. This period was subdivided into five time
intervals (preconceptional period, pregnancy months 1-2, pregnancy months
3-5, pregnancy months 6-9, postnatal period). The interviews were performed
by two trained interviewers using a structured questionnaire. First of all,
a calendar was filled in with landmark events in order to focus the attention of
the parents on the pregnancy period. Then information was gathered on the
smoking habits and alcohol consumption of both parents m each time interval
separately and on age, education, place of residence, consumption of medical
drugs, leisure-time activities, and occupation which were considered as
possible confounders in this study The smoking habits included the average
number of cigarettes, cigars, and pipes smoked per day. Alcohol intake was
measured as the number of days per week on which alcoholic drinks were
consumed ('drinking days') and the average number of glasses drank on those
days. The number of alcoholic drinks per week was calculated from these two
parameters.
The data were coded blindly and statistically analyzed by means of crosstabulation and logistic regression modeling. Odds ratios (OR) with 95%
confidence intervals (CI) contrasting case and referent parents were calculated
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as effect measures. An 0 R > 1 with a confidence interval shifted away from
unity indicates a possible risk factor for mental retardation.

RESULTS
Confounding variables
The parents of 306 cases and 322 referents participated in the interview
(response rates, 90.0 and 89.0%, respectively). For 56.9% of the cases and
47.2% of the referents, both parents were interviewed personally; in the other
instances, the mother supplied information about the father. Cases and
referents were comparable on the background variables gender, age, educa
tion, occupational group and place of residence (table 5.1).

TABLE 5.1

The distribution of background variables of cases and referents

background variables
(interview data)

cases
lN-зові

referents
[N = 322i

gender of child: male (%)

60.1

61.2

mean age of child at interview (years)
mean age of mother at birth of child (years!
mean age of father at birth of child (years)

10.6
27.5
30.3

10.8
28 2
30.4

education of mother: < 1 0 years / low level (%)
education of father: < 10 years / low level (%)

61.1
50.9

57.5
52.7

occupation of mother:

no job (%)
clerical (%)
service (%)
industrial (%)

53.0
105
19.8
16.7

49.7
10.8
21 8
17.7

occupation of father:

no job (%)
clerical (%)
service (%)
industrial (%)

3.6
27.4
17.9
51 1

3.1
28 9
19.2
48.8

42.8

38.2

place of residence: > 20,000 inhabitants (%)
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TABLE 5 2

The distribution of anamnestic variables of cases and referents

anamnestic variables
(medicai file dataf

cases
IN-зобі

referents
IN=3221

gravidity Primigravidae (%)
panty- pnmiparea (%)

36 6
41 2

46 0
49 4

pregnancy complications (%)
perinatal complications 1%)

14 1
10.1

196
49.4

premature birth ( < 3 8 weeks) (%)
low birth weight (<2500 g) (%)

12 1
108

25 8
165

13
49

11 2
75

maternal chronic diseases or handicaps (%)
paternal chronic diseases or handicaps (%)

* for most variables a varying, small number of observations were missing

Due to the selection of the referent group, Primigravidae and pnmiparea,
premature births and low birth weight children were preponderant among the
referents (table 5.2). Besides, referent mothers experienced more (severe)
complications, such as infections and hypoxia, during pregnancy or delivery,
and they showed more chronic diseases (e.g., epilepsy, diabetes) and heredi
tary handicaps than the case mothers. Apart from prematurity and low birth
weight, none of these factors appeared to be associated with the smoking and
drinking habits. As a consequence, they did not confound the results. Prema
turity and low birth weight were not seen as confounding variables, but as
possible effect parameters or as intermediates between smoking and alcohol
consumption and mental retardation.

Alcohol consumption
Alcohol consumption was measured as the frequency of drinking and the
average number of drinks per drinking day. For the fathers, both parameters
were comparable between cases and referents and did not change over the
critical period (from 3 months preconception to 6 months postnatal). Among
the case mothers, alcohol consumption was increased: 66.9% appeared to
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have drunk in at least one time interval in the critical period as opposed to
55.6% of the referent mothers (table 5.3). Figure 5.1 shows that approxi
mately 2 5 % of the mothers stopped drinking alcoholic beverages when they
noticed they were pregnant; others decreased the amount of alcohol expressed
in number of drinks per week.

FIGURE 5.1 Case and referent maternal alcohol consumption in five time
intervals during the critical period of pregnancy
alcohol consuming mothers (%)
••

10(И'

I

> 10 drinks/week

H 6-10 drinks/week

CJ

3-5 drinks/week
1-2 drinks/week

cases refs

preconception

cases refs

cases refs

cases refs

cases refs

months 1-2

months 3-5

months 6-9

postnatal

time intervals during the critical period

In the first 2 months of pregnancy no difference was seen in the proportion of
case and referent mothers who drank alcohol. For the other time intervals, the
odds ratios were significantly increased and varied from 1.7 (95%CI: 1.2-2.3)
before conception to 1.4 (95%CI: 1.0-2.0) during the fetal period (table 5.4).
Adjustment for the confounding variables and smoking in a logistic regression
analysis gave similar results, although a slight interaction between alcohol and
smoking was observed in the preconceptional period (OR^ohoi + tmoking=2.0,
95%CI: 1.3-3.3).
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TABLE 5.3

Associations between mental retardation and parental smoking
and alcohol consumption in the critical period expressed by odds
ratios (OR) with 95% confidence intervals (CI)

life-style factors
(total critical periodi

cases

referents

[N-305]

[N-3221

(%)

(%)

alcohol consuming mothers
alcohol consuming fathers

66 9
92.5

cigarette smoking mothers
smoking fathers (including cigar/pipe)
cigar/pipe smoking fathers

50.5
67 9
7.2

OR

( 95% CI )

55 6
93.7

1 6
09

( 1 2 - 2 2)
(05-16)

47.8
64 3
3 1

1.1
1 2
24

(08-15)
(08-16)
( 1 2 - 5 1)

Among the mothers who consumed alcoholic beverages in a certain time
interval, the frequency of drinking did not differ much between cases and
referents (table 5.4). On average, 14 6% of the case mothers and 16.4% of
the referent mothers drank alcohol on more than 2 days per week; all others
consumed alcoholic beverages less often. The number of drinks per week also
was comparable (figure 5.1) with mean values varying from 3.3 in the first
months to 2.7 in the last months of pregnancy for both cases and referents
(table 5.4). However, considering the frequency of drinking and the number of
drinks per day simultaneously, a higher proportion of women who consumed
> 3 alcoholic drinks/day once or twice a week was seen among the case
mothers. The odds ratios contrasting the latter to the other categories of
drinkers and nondnnkers were significantly increased just before and after
pregnancy,

but failed to reach statistical significance

during

pregnancy

(ORf.t.ip.nod = 3 . 1 , 95%CI: 0 9-16 4) because of the small number (table 5.4).
No associations were observed between alcohol consumption and prematurity
or low birth weight.

Smoking habits
In general, cigarette smoking habits did not differ between the parents of
cases and those of referents (table 5.3). However, for fathers who smoked a
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TABLE 5.4

Frequency and amount of alcohol consumption among mothers of cases and referents in the critical period and
odds ratios (OR) with 95% confidence intervals (CI) for alcohol consumption (yes/no) and for alcohol consumption < 2 days/week and > 3 drinks/day vs other categories of alcohol consumption and nondrinkers

number of mothers that consumed alcoholic drinks in the five time intervals of the critical period
frequency and amount
of alcohol consumption

preconception
cases refs

months 1-2
cases refs

months 3-5
cases refs

no consumption of alcohol
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£ 2 days/week

1 -2 drinks/day
¿ 3 drinks/day

> 2 days/week

1-2 drinks/day
¿ 3 drinks/day

months 6-9
cases refs

postnatal
cases refs

146

164

188

185

222

186

221

127

170

150
24

140
7

108
10

108
5

98
7

83
2

97
7

83
2

132
18

119
5

24
6

22
7

16
7

16
5

12
3

12
3

12
3

13
3

21
7

21
7

mean number of drinks/week among
mothers who consumed alcohol

3 1

32

33

33

2 7

2 7

2 7

2 7

3 1

34

ORdcehol сшштрпол lye/iwl ( 9 5 % CI)

1 7 (1 2-2 3)

1 2 (0 8-1 7)

14

" " * S2day*/w«fc md 23<!ΓΗ*ιΛ1ιν w 5 % C I )

3 8 ( 1 7 8 6)

2 2 (0 7-6 2)

3 0 (0 9-16 4)

( 1 0 2 0)

1 4 (1 0-2 0)

1 6 (1 1-2 2)

3 1 (0 9 16 4)

4 0 (1 6-10 3)

pipe or cigars, a significantly increased OR of 2.4 (95%CI: 1.2-5.1) was
observed. This increased OR was seen in every time interval, as most fathers
did not change their smoking habits over the critical period. The percentage of
mothers who smoked on average at least 1-10 cigarettes per day decreased
from 50.0% before conception to 36.3% at birth for cases and from 47 5% to
34.2% for referents, but the OR remained ± 1 . 1 . The number of cigarettes
smoked daily also decreased slightly.
Associations were observed between maternal smoking and low birth
weight ( < 2 5 0 0 g) and prematurity ( < 3 8 weeks) in both cases and referents.
For low birth weight, the odds ratios varied from 2.1 (95%CI: 1.3-3.3) before
conception to 2.6 (95%CI: 1.7-4.1) in the last months of pregnancy. Statistically significant odds ratios for prematurity were only found during pregnancy:
OR,,™«,. 3-S= 1-9 (95%CI: 1.2-2.8) and O R ^ , , , . ^ ^ 1.7 (95%CI: 1.2-2.6). No
confounding variables interfered with any of the above results.

DISCUSSION

The aim of this study was to find a relation between the occurrence of mental
retardation among offspring and smoking habits and alcohol consumption of
the parents before, during, and after pregnancy. No such association was seen
for cigarette smoking, but increased odds ratios were found for fathers who
smoked a pipe or cigars and for mothers who consumed alcoholic beverages.
As this was a retrospective study, these results could have been biased by
the

quality

of

information,

selection factors,

or confounding

variables.

Information was gathered preferably from both parents personally, by skilled
interviewers using a structured questionnaire. For estimation of the number of
cigarettes and the quantity of alcohol consumed, five-point scales with
extreme upper categories O 1 0 0 cigarettes and > 2 0 glasses per day) were
used to minimize underestimation. The latter is a common problem m studies
on life-style factors 20,21 and may have been aggrevated by the long time lag
between pregnancy and interview (2-25 years; median, 11 years). However,
as the time lag was similar for cases and referents, the amount of under-
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estimation is comparable and does not lead to biased results. Moreover, to
avoid differential recall of information by case and referent parents, children
with other congenital handicaps instead of healthy children were chosen as
referents. Thereby, the quality of the answers was expected to correspond, as
the birth and upbringing of a handicapped child would have a comparable
emotional impact on case and referent parents. In another part of the study,
no information bias could be detected for occupational exposure variables.22
But a slight underestimation of alcohol intake by case parents cannot be ruled
out completely, as the causal relation between mental retardation and
excessive alcohol consumption is well-known. If so, the odds ratios found are
underestimations too.
Cases and referents were selected according to the etiology of their
handicap. The mam selection factors were genetic aspects and severe perinatal complications, leading to exclusion of cases and inclusion of referents in
the study population. As a result, the proportion and severity of complications
were increased among the referent mothers. However, no associations were
detected

between smoking

or alcohol consumption

and

complications,

etiologic groups, or diagnostic categories. Furthermore, case and referent
parents were comparable with regard to age, socio-economic status (measured
by education, occupational group, and housing conditions), and place of
residence. Thus selection bias was not considered to be a major issue m this
study, no more than confounding bias. None of the potential confounding
variables had any effect on the odds ratios, although primigravidity has been
known to be a confounder in other studies,10 and exogenous exposure to
chemicals in occupational settings or from the environment is a suspected risk
factor for mental retardation.46 Prematurity and low birth weight were not
controlled for in the analyses, as they can be intermediates m the etiologic
path of mental retardation, instead of confounding factors.
In this study, no effects were found for alcohol consumption by the father.
The significantly higher proportion of women who consumed alcohol among
the case mothers suggests an effect of maternal alcohol consumption on the
occurrence of mental retardation in offspring and supports earlier assumptions
in the literature.9"13 Increased odds ratios were seen for the total pregnancy
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period, with exception of the first 2 months This result matches the general
concept that teratogenic exposure early in pregnancy mainly has structural
consequences,5 whereas exposure to alcohol from 3 months of pregnancy
onward can lead to functional disturbances, such as mental retardation. As the
development of the brain is not completed at birth, even postnatal exposure to
alcohol through breast feeding may be a risk factor. The higher OR preconception indicates that alcohol consumption in this period could also be important.
The exact time interval in which alcohol exerts its main influence cannot be
derived from these study results, however.
Concerning the level of alcohol consumption, cases and referents did not
differ in the frequency of drinking and in the mean number of drinks per week.
However, higher consumption levels ( a 3 drinks/day) once or twice a week
were associated with higher risks, suggesting that peak levels could play a
more important role in the origin of mental retardation than chronic exposure.20
In the present study, 3 to 5 alcoholic drinks on each day that the mother
consumed alcohol appeared to be a critical level. A dose-effect relationship,
similar to that in fetal alcohol syndrome, 10 could not be demonstrated, because
the amount of 5 glasses per day was only exceeded sporadically. The type of
alcoholic beverage, which proved to be essential m another s t u d y , " could not
be taken into account either.
No indications were found for a relation between cigarette smoking and
mental retardation. This is in accordance with the literature, in which only
tentative associations between maternal smoking and mental development
were described.16"19 However, an increased risk of 2.4 appeared for fathers
who smoked a pipe or cigars. This result might be due to chance, but a
preconceptional influence on the spermatogenesis cannot

be excluded.25

Furthermore, passive smoking of the mother during pregnancy and of the child
postnatally could exert an effect on the developing brain. Again, the mam risk
period is hard to define because of the stable smoking habits of the fathers m
the critical period.
The relation between maternal smoking and intra-uterine growth retardation, 14 1S was confirmed in the present study, but the suggested association
between maternal alcohol consumption and intrauterine growth retardation 1224
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was not. Among smokers, the association between alcohol consumption and
mental retardation was stronger than that among non-smokers, suggesting
enhancement of the effect of alcohol consumption by maternal smoking.

CONCLUSION

This study suggests that paternal smoking of pipe or cigars and maternal
alcohol consumption just before, during, and after pregnancy are related to a
higher incidence of mental retardation in offspring. The larger effects observed
for children who were exposed to elevated levels of alcohol ( > 3 drinks per
day) once or twice a week support the hypothesis that not only alcohol abuse
but also 'social drinking' might cause mental retardation. Further studies are
needed to explore the possible dose-response relationship more thoroughly.
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ABSTRACT

The etiology of mental retardation remains unexplained in more than 50% of
the affected children. Some physical and chemical factors are listed among the
causative agents. Therefore, the associations between parental occupation and
mental retardation in offspring were explored in an epidemiologic study. The
parents of 306 mentally retarded children (cases) and 322 physically handicapped children (referents) were interviewed about their work and life-style
habits from 3 months preconception to 6 months postnatal. Odds ratios with
90%

confidence intervals were calculated as risk indicators and where

necessary adjusted for confounding variables. The occupation of the father
was not associated with mental retardation. For the mothers, markedly
increased risks were found for nurses (0R = 4.2, 90%CI: 1.9-9.2), teachers
(OR=2.6, 90%CI: 1.0-6.5), cashiers (OR=5.7, 90%CI: 1.6-20.1) and hairdressers (OR = 2.7, 90%CI: 0.6-11.5). These risks were most pronounced in
the late pregnancy period (months 6-9). The results of this study suggest that
the above-mentioned maternal occupations increase the risk of having a
mentally retarded child.
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INTRODUCTION
Mental retardation is generally characterized by an IQ below 70 and social
incompetence, but in the Netherlands, children with an I Q < 8 0 attend special
schools for the mentally retarded. Estimates of the prevalence vary from study
to study. However, in a recent publication an average rate of 3.7 per 1000
was suggested for severe mental retardation (IQ<50) and 26 per 1000 for
mild mental retardation (IQ 50-70) in schoolage children.' The suggested
causes range from genetic to pre, pen and postnatal factors, but the etiology
remains unexplained in more than half of the mentally r e t a r d e d 2 4 In these
cases, social deprivation in combination with polygenetic variation is said to be
the major causal factor, 4 5 but physical and chemical factors, for instance
irradiation and exposure to toxic agents, may also play an important role s

β

The effects that alcohol, cigarettes, drugs and medication, used by the
mother during pregnancy, may have on the developing brain, have been
studied extensively. A strong relation was shown between mental retardation
and maternal alcohol abuse, 9 1 0 and with the anti-convulsant hydantom. 9 n In
environmental studies, mental retardation has been associated with prenatal
maternal exposure to lead, 1 2 " 4 methylmercury, 1 5 "" and ionizing radiation. 18 " 21
Some other agents, such as cadmium, organic solvents, anaesthetics and
pesticides, are suspected of causing mental retardation. 22
Exposure of the father has never been related to mental retardation, but it
is associated with structural defects of the central nervous system in
occupations with exposure to solvents. 23 Associations

between maternal

occupational exposure and mental retardation have not been studied or
observed yet, although in many occupations among women daily exposure to
relatively high levels of hazardous chemicals occurs. Therefore, we studied the
possible effects of the occupation of both the mother and the father on the
origin of mental retardation in offspring.

MATERIALS AND METHODS
An epidemiologic study was conducted based on a case-referent design 24 ** in
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which 340 children with mental retardation with an unknown etiology (cases)
were compared with a group of 362 children with other congenital handicaps
for which the cause was known (referents) Both groups were selected from
the medical files of children referred to the Pediatric or Child Neurology
department of the Nijmegen University Hospital or to rehabilitation centres
in the vicinity in the period from 1979 to and including 1987. The age at
admission was 0 to 15 years.
The diagnoses of the cases included mental and psychomotor retardation
(ICD codes 317-319) with an I Q < 8 0 . Thorough etiological examination in the
past, including
examination,

family

and pregnancy

neurophysiological,

history,

neurological

neuropathological

and

and physical

neuroradiological

studies, and biochemical and cytogenetic studies, had not revealed a specific
cause for the retardation. Thus the pre, pen and neonatal development of the
cases was uneventful and genetic or obvious morphologic causes for the
retardation as well as metabolic, endocrinologie, immunologic

and other

disorders were ruled out.
The mam diagnoses of the referents were familial neuromuscular and
metabolic disorders (ICD 334.1, 335 and 359 1) and cerebral palsy (ICD 343).
Genetic factors (45.4%) and severe complications at birth (41 6%), which
were not associated with the occupation of the parents, were the predominant
causes for these congenital defects. The referent group was chosen for its
comparability to 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. This
choice was made in order to minimize differences in the quality of information
given by the parents.
Anamnestic data on pregnancy, delivery and familial disorders were
abstracted from the medical files. The parents of cases and referents were
invited to participate in an interview about their occupation in the 'critical
period' which ranged from 3 months preconception to 6 months postnatal,
since the development of the brain continues even after birth. The total period
was subdivided into five time intervals according to the stages of development
(preconceptional

period, pregnancy

months

118

1-2,

pregnancy

months

3-5,

pregnancy months 6-9, postnatal period). The interview contained questions
about the occupation of the parents and their physical and chemical working
environments in each time interval, as well as questions about age, education,
place of residence, smoking and drinking habits, consumption of medical drugs
and leisure-time activities.
The data were coded blindly and statistically analysed by means of crosstabulation and logistic regression modeling. First of all, the distributions of the
background variables (table 6.1), the anamnestic data (table 6.2) and the lifestyle factors in each time interval (table 6.3) were examined. A variable which
was found to differ between cases and referents and was associated with an
occupational factor, was included in the further analyses as a confounding
variable. The occupational variables were analysed separately for the five time
intervals in the critical period. Parents who had been employed for at least two
weeks in a certain time interval were counted among the working population in
that interval. The data were grouped according to the ILO classification of
occupations26 and compared to those of the parents who did not have a job.
Odds ratios (OR) with 90% confidence intervals (90%CI) contrasting case and
referent parents were calculated as effect measures. An OR>1

with a

confidence interval shifted away from unity, indicates that the particular
occupational factor increases the risk for mental retardation Where necessary,
the odds ratios were adjusted for confounding variables in the logistic
regression analyses.

RESULTS

The parents of 306 cases and 322 referents participated in the interview
(response rates 90.0% and 89.0%, respectively). For 56.9% of the cases and
47 2% of the referents, both parents were interviewed personally; in other
instances, the mother also supplied information about the father and checklists of occupational exposures were left for him to complete. On average, the
interview lasted one hour and a half; the quality and completeness of the
information was satisfactory for most participants.

119

Background variables
Cases and referents were comparable with respect to gender, age, education
of the parents and place of residence (table 6 1). The male-to-female ratio was
1.5. At the time of the interview, the children were between 1 and 25 years
old with an average age of 10.7 years. The IQ level of the cases ranged from
0 to 80; 46.6% were severely retarded (IQ<50), whereas 53 4 % belonged to
the group of mildly mentally retarded (IQ 50-80). The results did not differ
between these two groups. The comparability of parental education, place of
residence and housing conditions, indicated that no socio-economic class
differences existed between the cases and referents.

TABLE 6.1

The distribution of background variables of cases and referents

background variables
(interview data)

cases
IN-soei

referents
IN-322]

gender of child: male (%)

60 1

612

mean age of child at interview (years)
mean age of mother at birth of child (years)
mean age of father at birth of child (years)

106
27 5
30 3

10 8
28 2
30 4

education of mother: < 10 years / low level (%)
education of father < 10 years / low level (%)

61 1
50 9

57 5
52 7

place of residence: >20,000 inhabitants (%)

42 8

38.2

Anamnestic variables
Due to the selection of the referent group, Primigravidae and primiparea,
premature births and low birth weight children were preponderant among the
referents (table 6.2). Referent mothers also experienced more complications
during pregnancy or delivery, such as fluxus, infections and hypoxia, and they
showed more chronic diseases (e.g. epilepsy, diabetes) and henditary handicaps than the case mothers. As Primigravidae tend to have a job more often
than mothers with children, primigravidity was a strong confounder in this

120

study. The occurrence of complications during pregnancy or the threat of a
premature birth, could have been a reason to stop working early in pregnancy.
Therefore, the results of the maternal occupational variables were corrected
for differences in pnmigravidity, complications during pregnancy and prematurity. No corrections were performed for low birth weight and perinatal
complications, as these variables were not related to the occupation of the
mother. Parental chronic diseases and hereditary handicaps did not prove to be
associated with having a job, except for mothers who suffered from epilepsy
(7 referents). These mothers were not included in the further analyses.

TABLE 6.2

The distribution of anamnestic variables of cases and referents

anamnestic variables
{medical file data)'

cases
[N=306i

gravidity' Primigravidae (%)
parity, pnmiparea (%)

36.6
41 2

46 0
49 4

pregnancy complications (%)
perinatal complications (%)

14 1
10 1

196
49 4

premature birth (<38 weeks) (%)
low birth weight (<2500 g) (%)

12 1
108

25 8
16 5

1 3
49

11 2

maternal chronic diseases or handicaps (%)
paternal chronic diseases or handicaps (%)

referents
[N=3221

7 5

* for most variables a varying, small number of observations were missing

Life-style factors
The life-style factors were analysed per time interval. In table 6.3, the results
are summarized for the total critical period; more details can be found elsewhere. 27 The smoking habits of the parents agreed well between cases and
referents. During pregnancy, the percentage of mothers who smoked decreased from 50.0% before conception to 36.3% at birth for cases and from
47.5% to 34.2% for referents. The number of sigarettes smoked daily also
decreased slightly. Most of the fathers did not change their smoking habits.
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TABLE 6.3

The distribution of lifestyle
total critical period

factors of cases and referents in the

fathers (%)
cases
refs

mothers (%l
cases
refs

lifestyle factors in the
total critical period
(interview data)

[ N « 3 0 6 1 [N = 3221

[ N = 3 0 6 1 [N=3221

smoking of cigarettes (cigars/pipe)
consumption of alcoholic drinks
consumption of medical drugs

50.5
66.9
81.3

46.8
55.6
79.1

67.9
92.5
33.2

64.3
93.7
27.1

leisure-time activities:
- cleaning of the house
- painting of the house (in-/outdoors)
- working in the garden
- outdoor activities (exhaust fumes)
- needlework and knining
- repairing cars and motors

86.0
34.3
26.5
38.9
65.4
0.0

76.7
30.1
19.6
31.4
64.3
0.3

12.1
54.3
35.6
31.4
0.7
20.9

14.6
52.8
30.4
24.5
0.3
18.9

Alcohol consumption during pregnancy was more prevalent among case
mothers than among referent mothers. Before conception, 66.9% vs. 54.7%
of

the

mothers drank

alcoholic

beverages; these

percentages

changed

gradually to 39.0% and 31.4% in the last few months of pregnancy. The
mean number of alcoholic drinks per week decreased from 3.3 to 2.7 for both
case and referent mothers. The proportion of fathers who consumed alcohol as
well as the number of alcoholic drinks were comparable for cases and
referents. Maternal alcohol consumption proved to be a confounder in the
analysis of parental occupation during the fetal period (pregnancy months 3-5
and months 6-9).
No differences were found in the parental consumption of medical drugs,
including vitamin and iron suppletion and over-the-counter drugs, nor in the
use of particular groups of medication. Almost all the participants drank coffee
or tea and the average number of cups consumed per day (mothers 5.9 and
fathers 7.7) did not differ between cases and referents.
In every time interval of the critical period, a significantly higher proportion
of case mothers were involved in cleaning at home, working in the garden and
outdoor activities in which they inhaled exhaust fumes (table 6.3). These
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leisure-time activities were included in the further analyses as confounding
variables. During pregnancy months 3-5, painting the house also proved to be
a confounder in the analyses of maternal occupation, presumably because of
exposure to solvents. For case fathers, painting and wallpapering, working m
the garden and outdoor activities were slightly more common in the total
critical period and/or m separate time intervals. As the associations between
leisure-time activities and paternal occupation were weak, none of these
factors appeared to confound the presumed relation between the occupation
of the father and mental retardation.

TABLE 6.4

Associations between mental retardation and occupation of the
father in the preconceptional period expressed by odds ratios
(OR) with 90% confidence intervals (CI)

occupation of the father in
the preconceptional period

occupationally employed
scientists / technicians
health care workers
educational workers
managerial workers
clerical workers
sales workers
service workers
agricultural workers
industrial workers
construction workers
transport workers

cases referents
[N-зобі [N=3221

OR

(90% CI)

291

307

10

(05-18)

26
8
14
24
26
25
14
22
63
43
26

33
7
14
22
26
31
14
20
70
43
27

08
11
10
11
10
08
10
11
09
10
10

( 0 4 - 1 7)
( 0 4 - 3 2)
(04-24)
(05-24)
( 0 5 - 2 1)
( 0 4 - 1 7)
(04-24)
(05-24)
( 0 5 - 1 8)
(05-20)
(05-20)

Occupational variables
Analyses were performed on the occupation of both the father and the mother
in each of the five time intervals of the critical period. For the fathers, the
results of the preconceptional period are presented in table 6.4; 95% were
employed and no differences were observed in the occupational classification
of case and referent fathers. As the professional careers of the fathers were
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relatively stable over the critical period, increased odds ratios were not seen m
any of the other time intervals either. Exploration of smaller subgroups of
occupations and correction for confounding by life-style factors gave small
changes in the figures shown, but the odds ratios still varied around unity.
Among the mothers, less than 50% were employed prior to this preg
nancy. The proportion of mothers who held a job decreased considerably over
the pregnancy period (figure 6.1) and only 13% started working again postnatally. Tables 6.5 to 6.7 show the results of the analyses with respect to the
occupation of the mother, compared to the non-employed women, in the three
time intervals during pregnancy. As introduction of the confounding variables
changed the odds ratios substantially, both the raw and adjusted odds ratios
are presented. The data for the preconceptional period were very similar to
those in early pregnancy and are not shown separately. The number of women
employed in the postnatal period was too small to calculate odds ratios for the
different occupational groups. The distribution of occupations deviated from

FIGURE 6.1 Proportion of working mothers during the critical period
occupationally employed mothers (%)
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the one seen in table 6.4; mothers did not work as scientists, managers, and
construction or transport workers. Subgroups of occupations were explored
and presented whenever this was considered relevant.
In the early pregnancy period (table 6.5), most odds ratios appeared to
have values close to unity. Thus, the risks of having a mentally retarded child
were not increased, except for a slightly higher risk for nurses (OR = 1.6,
90%CI: 0.9-2.9)

and significantly increased risks for cashiers (OR = 3.4,

90%CI: 1.0-11.3) and hairdressers (0R = 4 . 1 , 90%CI: 1.1-15.8). The same
picture was seen for pregnancy months 3-5 (table 6.6), but the differences
between case and referent mothers were now more pronounced: 0Ρ η ι 1 „ β 1 =1 8
(90%CI: 1.0-3.4); OR c .. h „ r .= 3.9 (90%CI: 1.2-12.9); 0Н Ь я п 1 г ,..„.= 4 3 (90%CI:
1.1-16.7).
workers

Furthermore, the risk seemed to be elevated for educational
(OR = 1 . 9 ,

90%CI: 0.8-4.3)

and reduced for

catering

workers

(0R = 0.3, 90%CI: 0.1-1.1).

TABLE 6.5

Associations between mental retardation and occupation of the
mother in early pregnancy (months 1-21 expressed by odds ratios
(OR) with 90% confidence intervals (CU

occupation of the mother in
early pregnancy (months 1-21

occupationally employed
health care workers
nurses
other medical workers
educational workers
clerical workers
bookkeepers / cashiers
other clerical workers
sales workers
service workers
hairdressers
housekeepers
catering services
agricultural workers
industrial workers

cases

referent

OR

OR.

(90% CI)

0.9

1.1

( 0 . 8 - •1 5)

1.1
1.1
1 0
1.1
0.8
2.3
0.6
0.8
0.8
3.4
0.8
0.4
0.9
0.9

1.5
1.6
1 2
1.7
1.2
3.4
1 0
1.0
1.0
4.1
1 0
05
1.0
1.1

( 0 . 9 - •2.5)
(0 9 -•2.9)
(0 4 -•3 5)
( 0 . 7 - •3.7)
(0.7 •1.9)
(1 0 -•11.3)
(0 6 -•1 7)
(0.5 •1-9)
(0.6 •1.7)
(1.1 •• 15 8)
( 0 . 6 - • 1 8)
( 0 . 2 -- 1 . 3 )
( 0 . 5 - •1.8)
( 0 . 6 - •2.01

[N = 3061 [N = 3151

139

133

26
21
5
10
28
7
21
11
30
7
19
4
17
17

23
18
5
9
35
3
32
13
35
2
24
9
19
18

' odds ratios adjusted for pnmigravidity and leisure-time activities (cleaning at home,
gardening, outdoor activities!
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TABLE 6.6

Associations between mental retardation and occupation of the
mother in mid-pregnanc (months 3-5) expressed by odds ratios
(OR) with 90% confidence intervals ICI)

occupation of the mother in
mid-pregnancy Imonths 3-5)

occupationally employed
health care worker
nurses
other medical workers
educational worker
clerical worker
bookkeepers / cashiers
other clerical workers
sales workers
service workers
hairdressers
housekeepers
catering services
agricultural worker
industrial worker

cases

referents

OR

OR*;

(90% CI)

IN =3061 IN-31SI
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133

1.0

1.2

(0.9 - 1 7)

27
21
6
10
26
7
19
11
26
7
17
2
15
15

21
16
5
8
33
3
30
12
25
2
16
7
19
15

1.3
1.4
1.2
1.3
0.8
2.4
0.7
1.0
1.1
36
1.1
0.3
0.8
1.0

1.7
1.8
1.4
1.9
1.2
3 9
1.0
1.0
1.3
4.3
1.4
0.3
0.9
1 3

(1.0-2.91
( 1 0 - 3 4)
(05-39)
( 0 . 8 - 4 3)
(0.7 - 2.0)
( 1 . 2 - 12.9)
(05-17)
(0 5 - 2 . 1 )
(0.8 - 2.2)
(1 1 - 1 6 7)
(0 8 - 2.7)
(0.1 - 1 1)
(05-16)
(0.7 - 2.4)

* odds ratios adjusted for pnmigravidity, pregnancy complications, alcohol consumption
and leisure-time activities (cleaning and painting at home, gardening, outdoor activities!

The latter odds ratio remained low in pregnancy months 6-9 (table 6.7).
Otherwise, in this period an increased odds ratio of 1.6 (90%CI: 1.2-2.2) was
observed for working women in general. This was probably due to the
associations between mental retardation and maternal occupation observed for
health care workers (ORnurM>, = 4.2, 90%CI: 1.9-9.2), educational workers
(OR = 2.6, 90%CI: 1.0-6.5) and cashiers (OR = 5.7, 90%CI: 1.6-20.1). The
risk for hairdressers also was increased (OR = 2.7), but because of the small
numbers the confidence interval included unity. For industrial workers, there
seemed to be an increased risk in the textile industry (OR = 2.7, 90%CI:
0.9-8.3). Inclusion of the occupation of the mother and father in the analyses
at the same time, did not change the results mentioned above for any of the
time intervals.
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TABLE 6.7

Associations between mental retardation and occupation of the
mother in late pregnancy (months 6-91 expressed by odds ratios
(OR) with 90% confidence intervals (CI)

occupation of the mother in
late pregnancy (months 6-9)

cases referents
[N-ЭОвІ

occupationally employed
health care worker
nurses
other medicei workers
educational worker
clerical workers
bookkeepers / cashiers
other clerical workers
sales workers
service workers
hairdressers
housekeepers
catering services
agricultural workers
industrial workers
textile industry
other industries

OR

OR,,,'

190% CI)

[N=3151

106

94

1.3

1.6

(1 2 - 2 . 2 )

24
19
5
9
23
7
16
8
17
4
11
2
14
11
7
4

12
7
5
6
22
3
19
11
19
2
11
6
16
8
4
4

2.2
3.0
1.1
1.7
1.2
2.6
09
0.8
1.0
2.2
1.1
0.4
1.0
1.5
19
1.1

3.1
4.2
16
2.6
1.8
5.7
1.4
0.9
1.2
2.7
15
0.3
1.0
1.8
2.7
1.2

(1.6-5.8)
( 1 9 - 9 2)
( 0 . 5 - 4 9)
(1.0-6.5)
(1.0-3.2)
(1 6 - 2 0 1)
(0 7 - 2.6)
(0 4 - 2.0)
(0.7 · 2.2)
(0 6 - 1 1 5)
(0.7 - 3 2)
(0.1 - 1 4)
(0.5 · 2.0)
( 0 . 8 - 4 3)
(09-83)
(03-40)

' odds ratios adjusted for pnmigravidity, prematurity, alcohol consumption and leisuretime activities (cleaning at home, gardening, outdoor activities)

DISCUSSION

The aim of this study was to find possible risk factors for mental retardation
among offspring in the occupations of parents before, during or after
pregnancy. No associations were seen between mental retardation and the
occupational factors of the father, but increased odds ratios were found for
some maternal occupations, particularly in late pregnancy. As this was a retro
spective study, however, it is conceivable that the results could have been
biased

by

the

quality

of

information

or by

differential

selection

and

confounding variables.
The information was, if possible, collected from both parents personally by
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skilled interviewers using a structured questionnaire. No differences were seen
in the quality of the information between data obtained from both parents and
data supplied by the mother only. The long time lag between pregnancy and
interview (2-25 years; median 11 years) may have caused recall errors,2829 but
these are not considered to be an important issue where occupational titles are
concerned.30 For some other variables, such as smoking and alcohol consumption, recall errors could lead to underreporting.31 As the time lag was similar for
cases and referents, however, the amount of underreporting was comparable.
Moreover, to avoid differential recall of information by case and referent
parents, children with other congenital handicaps were chosen as referents,
instead of healthy children. It was expected that the quality of the answers of
these case and referent parents would correspond, because of the comparable
emotional impact of having a handicapped child. Elsewhere we have shown
that this is indeed the case for occupational variables.32
Cases and referents were selected according to the etiology of their
handicaps. The mam selection factors were genetic aspects and severe perinatal complications, leading to the exclusion of cases and the inclusion of referents m the study population. As a result, the

proportion of severe

complications during pregnancy and delivery were increased among the
referent mothers

However, the anamnestic variables which influenced the

opportunity of being employed (pnmigravidity) or made women stop working
early in pregnancy (complications and prematurity), were corrected for in the
analyses. Some life-style factors (alcohol consumption, leisure-time activities)
were also included in the analyses as confounding variables. The study
population did not appear to be selected on other characteristics. The majority
of life-style factors and the background variables age, education and living
environment, were comparable between case and referent parents and
resembled the distribution of these variables in the general population.
Assuming that no major confounding has been overlooked, it is thus justified
to say that the adjusted odds ratios are practically unbiased and that the
results of this study may be generalized to other populations
In the present study, no associations were found between mental retardation and paternal occupation Neither the preconceptional exposure of the
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father, nor exposure mediated by the father during or after pregnancy, seems
to influence the development of the central nervous system in offspring. With
respect to the maternal occupation, increased risks were found for health care
workers (e.g. in hospitals, old peoples homes and institutions for handicapped
children), for teachers, cashiers and hairdressers and probably for workers in
the textile and clothing industry. Although some of the odds ratios were based
on small numbers, the confidence intervals which did not include unity,
indicate that these figures were not just caused by chance variation. The most
pronounced relations were seen in the late pregnancy period (months 6-9).
This result matches the general concept that teratogenic exposure early m
pregnancy causes structural damage,6 whereas the same exposure from 3
months of pregnancy onwards can lead to functional disturbances, such as
mental retardation. However, almost all the mothers with a certain occupation
in late pregnancy had been employed in the same job earlier in pregnancy.
Therefore, the exact time interval in which occupational exposure exerts its
main influence cannot be derived from these study results
In the literature, mental retardation has never before been related to occupational factors. Hemmmki et al.,33 however, listed health care workers,
hairdressers and textile workers among the professions with exposure to large
quantities of chemicals which are potentially hazardous to reproduction. These
exposures include organic solvents and heavy metals, which are suspected of
being causally related to mental retardation (see introduction). In the present
study, the nurses stated that they were frequently exposed to mercury,
alcohol, sterilizing agents and antibiotics, whereas the hairdressers mentioned
solvents (especially alcohol) and hair dye. The mam problem in the textile
industry seems to be dust.
There is no direct explanation for the association we observed between
mental retardation and workers in education and administration, as these
women do not come into regular contact with chemicals. Tentative hypotheses point in the direction of infections that went unnoticed, or towards the
handling of money for cashiers. The low odds ratios observed for catering
workers may be due to selection factors, as these women experienced more
perinatal complications and were therefore selected as referents.
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This study confirms the hypothesis that working in occupations with
exposure to solvents and heavy metals during pregnancy increases the risk of
having a mentally retarded child, as was shown for nurses and hairdressers.
On the other hand, it generates hypotheses about women working as teachers
and cashiers or in the textile industry. The risks seem to be particularly
elevated if the expectant mother keeps on working until her maternity leave a
few weeks before delivery. Further studies are needed to confirm the associations found and to explore them in more detail, so that preventive actions can
be undertaken to make the above-mentioned occupations safe for pregnant
women and their future offspring.
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ABSTRACT

Mental retardation is a major developmental defect of the central nervous
system for which the etiology remains unexplained in almost 60% of the
cases. The possible etiologic role of parental occupational exposure was
explored in a case-referent study among 306 mentally retarded children with
an unknown etiology

(cases) and 322

physically

handicapped children

(referents). Both parents of these children were interviewed about their
occupational exposure and life-style habits from 3 months preconception to 6
months postnatal. The occupation of the father was not associated with
mental retardation, but increased odds ratios were found for paternal exposure
to non-ionizing radiation (ORMVV/RF = 2.5, 90%CI: 1.1-5.7) and exhaust fumes
(OR=1.3, 90%CI: 1.0-1.8). For the mothers, significantly increased odds
ratios were found for nurses (OR = 4.2), teachers (OR = 2.6) and cashiers
(OR=5.7) in late pregnancy (months 6-9) and for hairdressers in months 3-5
(OR = 4.3). A series of maternal occupational exposures, including exposure to
radiation

(OR = 9.3),

organic

solvents

(OR-<.<)hol= 1.9)

and

heavy

metals

(ORnMn.ll^ = 8.7) could be identified as potential risk factors for having a
mentally retarded child. These findings should be further explored.
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INTRODUCTION

The adverse effects of occupational exposure on the human reproduction have
gained increasing attention in research over the last t w o decades. However,
effects on the central nervous system in offspring have rarely been described,'
particularly where functional disturbances are concerned. Mental retardation is
one of the major developmental defects of the central nervous system which is
characterized by an IQ below average and social incompetence. Generally, the
critical IQ level is 70, 2 but in the Netherlands, children with an I Q < 8 0 attend
special schools for the mentally retarded. Estimates of the prevalence of
mental retardation vary considerably; an average rate of 3% is suggested for
mental retardation in schoolage children. 2
The known causes of mental retardation include several genetic, pre, pen
and postnatal factors, but the etiology remains unexplained in more than half
of the mentally retarded. 2 4 In these cases, social deprivation in combination
with polygenetic variation is said to be the major causal factor, 4 5 but physical
and chemical factors, ι e. radiation and exposure to toxic agents, may also
play an important role. 5 B Associations between parental occupational exposure
and mental retardation have never been studied, but can be hypothesized
through extrapolation from other studies. Extensive research on life-style
factors for example have shown a strong relation between mental retardation
and maternal alcohol abuse 9 1 0 and the anti-convulsant

hydantom911

In

environmental studies, mental retardation has been associated with maternal
exposure to lead, 1 2 1 4 methylmercury 1 5 1 β and ionizing radiation

,923

Some other

agents, such as cadmium, organic solvents, anesthetics and pesticides, are
suspected of causing mental retardation.' As many occupations of women
during pregnancy involve daily exposure to relatively high levels of the abovementioned and other hazardous chemicals, effects on the developing brain in
offspring may be postulated. Paternal exposure has never been related to
mental retardation, but it is associated with structural defects of the central
nervous system in occupations with exposure to solvents. 2 4
To explore the possible relationship between mental retardation and
parental occupation, a case-referent study was conducted on the parents of

137

mentally and physically handicapped children. The authors studied the possible
effects of occupation and industry of the mother and father and of specific
occupational exposures on the origin of mental retardation m offspring.

MATERIALS AND METHODS

Population
The cases consisted of 340 mentally retarded children with an unknown
etiology; 362 children with other congenital handicaps, for which the cause
was known, were chosen as referents. Both groups were selected from the
medical files of approximately 3000 children referred to the Pediatric or Child
Neurology department of the Nijmegen University Hospital or to rehabilitation
centres in the vicinity, in the period from 1979 to and including 1987. The age
at admission was between 0 and 15 years. At the time of the study, the
mother had to be alive and living in the catchment area which extended over
the south-eastern part of the Netherlands.
The diagnoses of the cases included mental and psychomotor retardation
(International Classification of Diseases (ICD) codes 317-319) with an I Q < 8 0 .
Thorough etiologic examination in the past, including family and pregnancy
history,

neurologic

pathologic

and

physical

and neuroradiologic

examination,

neurophysiologic,

neuro-

studies, and biochemical and cytogenetic

studies, had not revealed a specific cause for the retardation. Thus the pre,
pen and neonatal development of the cases was practically uneventful and
genetic or obvious morphologic causes for the retardation as well as metabolic, endocrinologie, immunologic and other disorders, were ruled out.
The main diagnoses of the referents were familial neuromuscular and
metabolic disorders (ICD 3 3 4 . 1 , 335 and 359.1) and cerebral palsy (ICD 343).
Genetic factors (45.4%) 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. This referent group
was chosen for its comparability to the case group on relevant characteristics,
such as the geographical area, the availability of medical services and the
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emotional impact that the birth and upbringing of a handicapped child had on
the parents. A validity study showed that indeed no differential recall occurred
among case and referent parents, hence making information bias unlikely

25

Data collection
Anamnestic data on pregnancy, delivery and familial disorders were abstracted
from the medical files. By letter, the parents of the eligible cases and referents
were invited to participate in the study. During the following week, they were
approached by telephone and an appointment was made for an interview,
preferably when both parents were at home The interviews were performed
by two trained interviewers, using a structured questionnaire on the 'critical
period' which ranged from 3 months preconception to 6 months postnatal of
the child of interest. The total period was subdivided into five time intervals
according to the stages of development (preconceptional period, pregnancy
months 1-2, pregnancy months 3-5, pregnancy months 6-9, postnatal period).
First of all, a calendar was filled in with landmark events, in order to focus the
attention of the parents on the pregnancy period

The occupational history

consisted of questions about occupational title, industry and physical working
environment during each time interval, supplemented by industry-specific
exposure check-lists. These check-lists included the chemical substances that
were possibly used in the particular industrial group to which the respondent's
job belonged. The interview was completed with questions about age and
education of the parents and occupational exposure in the past, as well as for
each time interval, the place of residence, smoking and drinking habits,
consumption of medical drugs and leisure-time activities.

Analysis
The data were coded blindly and statistically analysed by means of crosstabulation and logistic regression modeling. The distributions of background
and anamnestic variables (table 7 1) and of the life-style factors in each time
interval (table 7.2) were examined in order to check for potential confounding
variables. The occupational variables were analysed separately for the five
time intervals in the critical period. Parents who had been employed for at
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least t w o weeks in a certain time interval, were counted among the working
population in that interval. Occupational titles were grouped according to the
International Labour Office classification of occupations; 26 the unemployed
parents were used as reference category m the logistic regression analyses
Similar analyses were performed for the industrial categories and the type of
exposure

check-list

that

was

completed. The exposure

variables

were

examined initially in univariate analyses, contrasting parents who had and had
not been exposed to a particular factor. Odds ratios (OR) with 90% confidence
intervals (CI) were calculated as effect measures. Where necessary, the odds
ratios were adjusted for confounding variables by means of logistic regression
analyses. Subsequently, several exposures were included simultaneously in
logistic regression models, in order to study the effects of combined exposure
and to determine the mam risk factors. To avoid unstable estimates, substances to which less than 1 % of the population was exposed were excluded
from the analyses, but clusters of exposures were sometimes used instead

RESULTS

The parents of 306 cases and 322 referents consented to participate in the
interview (overall response rate 89 5%). For 56.9% of the cases and 47 2%
of the referents, both parents were interviewed personally, in the other
instances, the mother also supplied information about the father and the
appropriate exposure check-lists were left for him to complete. All but one
father returned the check-lists. The duration of the interview was equal for
case and referent parents ( ± 90 minutes) and consistency checks showed
that the quality and completeness of the information was satisfactory for most
participants. At interview, the children were between 1 and 25 years of age
with an average of 10.7 years (table 7.1) The male-to-female ratio was 1.5.

Confounding variables
Cases and referents were comparable with respect to gender, age and education of the parents (table 7 1), place of residence and housing conditions,

140

indicating no socio-economic differences. Due to the selection of the referent
group, Primigravidae, Primiparae, premature births and low

birth weight

children were preponderant among the referents. In addition, referent mothers
experienced more severe complications during pregnancy or delivery, and they
showed more hereditary handicaps and chronic diseases (epilepsy, diabetes)
than the case mothers. As more Primigravidae tend to have a job than mothers
with children, primigravidity was a strong confounding variable in this study.
The occurrence of complications or the threat of a premature birth, could have
been a reason to stop working early in pregnancy. Therefore, the results were
adjusted for differences in primigravidity (total pregnancy period), complica
tions during pregnancy (months 3-5) and prematurity (months 6-9). No correc
tions were made for low birth weight, perinatal complications, chronic diseases

TABLE 7.1

The distribution of background and anamnestic variables of cases
and referents

background and anamnestic variables
(interview and medical files data)'

cases
ім-зоеі

referents
IN=3221

gender of child: male (%)

60.1

61.2

mean age of child at interview (years)
mean age of mother at birth of child (years)
mean age of father at birth of child (years)

10.6
27.5
30.3

10.8
28.2
30.4

education of mother: < 1 0 years / low level (%)
education of father: < 10 years / low level 1%)

61.1
50.9

57.5
52.7

gravidity: Primigravidae (%)
parity: primiparea (%)

36.6
41.2

46.0
49.4

pregnancy complications (%)
perinatal complications (%)

14.1
10.1

19.6
49.4

premature birth ( < 3 8 weeks) (%)
low birth weight ( < 2 5 0 0 g) (%)

12.1
10.8

25.8
16.5

1.3
4.9

11.2
7.5

maternal chronic diseases or handicaps (%)
paternal chronic diseases or handicaps (%)

' for most anamnestic variables a varying, small number of observations were missing
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or hereditary handicaps, as these variables were not related to the occupation
of the parents except for mothers who suffered from epilepsy (7 referents).
These mothers were not included in the further analyses
The life-style factors were analysed per time interval," in table 7 2 the
results are summarized for the total critical period. The smoking habits of the
parents agreed well for cases and referents in each interval Alcohol consumption was significantly more prevalent among the case mothers, with the
exception of the first t w o months of pregnancy Maternal alcohol consumption
proved to be a confounder in the analyses of the occupational variables during
the fetal period (pregnancy months 3-5 and 6-9). The proportion of fathers
who consumed alcohol was comparable for cases and referents, just like the
parental consumption of coffee, tea and medical drugs, including vitamin and
iron suppletion and over-the-counter drugs
In each time interval, a statistically significant higher proportion of case
mothers was involved in cleaning at home, working in the garden and outdoor
activities m which they inhaled exhaust fumes These leisure-time activities
were included in the further analyses as confounding

variables

During

pregnancy months 3-5, painting of the house also proved to be a confounder

TABLE 7 2

The distribution of lifestyle
total critical period

life-style factors in the
total critical period
(interview data)

factors of cases and referents in the

mothers (%)
cases
refs
[ N - 3 0 6 ] (N = 3221

fathers (%)
cases
refs
[N = 306] [ N = 3 2 2 ]

smoking of cigarettes (cigars/pipe)
consumption of alcoholic drinks
consumption of medical drugs

50 5
66 9
81 3

46 8
55 6
79 1

67 9
92 5
33 2

64 3
93 7
27 1

leisure-time activities
- cleaning of the house
- painting of the house (in-/outdoors)
- working in the garden
- outdoor activities (exhaust fumes)
- needlework and knitting
- repairing cars and motors

86 0
34 3
26 5
38 9
65 4
00

76
30
19
31
64
0

12 1
54 3
35 6
31 4
07
20 9

146
52 8
30 4
24 5
03
18 9
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7
1
6
4
3
3

Although painting and wallpapering, working in the garden and outdoor
activities were slightly more common among case fathers in the total critical
period and/or in some separate time intervals, the paternal results were not
confounded by these variables.

Occupational titles
Analyses were performed on the occupational title of the father and mother in
each of the time intervals of the critical period; 28 the most important findings
are summarized below. Of the fathers, 95% were employed and no differences
were observed in the occupational classification of case and referent fathers
for any of the time intervals. All odds ratios were equal or close to unity.
As expected for the Netherlands, less than half of the mothers were employed
prior to conception. This proportion decreased during pregnancy to 34.6% for
case mothers and 29.8% for referent mothers in the last few months. Only
13% started working again after delivery, so the number of women employed
m the postnatal period was too small to calculate odds ratios for the different
occupational groups. For the other time intervals, the maternal occupational
titles were divided into 7 mam categories (table 7.3); subgroups of occupations were explored whenever it was considered relevant.
The most outstanding results were seen for the late pregnancy period
(months 6-9; table 7.3). In general, an increased odds ratio of 1.6 (90%CI·.
1.2-2.2) was observed for women who were employed. Statistically significant
associations between mental retardation and occupation were observed for
health care workers (OR nur „ 1 = 4.2, 90%CI: 1.9-9.2), educational workers
(OR = 2.6,

90%CI:

1 0-6.5)

and

clerical

workers

(OR beeklM . p .„ /e ., hM „=5.7,

90%CI: 1.6-20.1). Furthermore, the odds ratios seemed to be reduced for
catering workers (OR = 0.3, 90%CI: 0.1-1.4) and elevated for workers in the
textile industry (OR = 2.7, 90%CI: 0.9-8.3). The same associations, although
less pronounced, were seen in early and mid pregnancy (months 1-2 and 3-5)
and in the preconceptional period. For hairdressers the highest odds ratio was
seen in pregnancy months 3-5 (0R = 4.3, 90%CI: 1.1-16.7). This odds ratio
was still increased in late pregnancy (OR = 2.7, 90%CI: 0.6-11.5), but because
of the small numbers the confidence interval now included unity.
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TABLE 7.3

Associations between mental retardation and occupation of the
mother in late pregnancy (months 6-9) expressed by odds ratios
(OR) with 90% confidence intervals (CI)

occupation of the mother in
late pregnancy (months 6-9)

occupationally employed
health care worker
nurses
other medical workers
educational worker
clerical workers
bookkeepers / cashiers
other clerical workers
sales workers
service workers
hairdressers
housekeepers
catering services
agricultural workers
industrial workers
textile industry
other industries

cases

referents

[N = 3061

[N = 3151

OR

OR./

(90% CD

106

94

1 3

1 6

( 1 2 - 2 2)

24
19
5
9
23
7
16
8
17
4
11
2
14
11
7
4

12
7
5
6
22
3
19
11
19
2
11
6
16
8
4
4

2.2
3.0
1.1
1.7
1.2
2.6
0.9
0.8
1.0
2.2
1.1
0.4
1.0
1.5
1 9
1.1

3.1
42
1.6
2.6
1.8
5 7
1 4
0.9
1.2
2.7
1 5
03
1.0
1.8
2.7
1.2

(1.6-5.8)
(1.9- 9 2)
(05-49)
( 1 . 0 - 6 5)
(1 0 - 3 . 2 )
(1 6 - 2 0 . 1 )
(07-26)
(0.4 - 2.0)
(0.7 - 2 2)
( 0 6 - 1 1 5)
(0.7 - 3 2)
(01-14)
(0.5 - 2.0)
(08-43)
(09-83)
(0.3 - 4 0)

* odds ratios adjusted for pnmigravidity, prematurity, alcohol consumption and leisuretime activities (cleaning at home, gardening, outdoor activities)

Occupational exposure check-lists
All employed parents were questionned about their physical working environment including ionizing and non-iomzmg radiation, vibration and climatologie
factors. Clerical workers answered questions about copying and computer
work; for the other occupations chemical exposure check-lists were completed. Eight different industry-specific check-lists were used, comprising a
total of 83 (groups of) substances. Analyses with the type of check-list as an
independent variable, showed approximately the same picture for the mothers
as those with the occupational title. For the fathers, however, a slightly
elevated odds ratio was seen for exposure in mining and transportation
(OR = 1 . 8 , 90%CI: 0.8-4.0). Analyses of the industrial categories to which the
parents belonged did not yield any new insights.
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Occupational exposure of the mother
Univariate analyses of the maternal occupational exposures yielded a series of
increased odds ratios for mothers who kept working until late pregnancy
(months 6-9). More pronounced results were seen after correction for confoun
ding in logistic regression analyses (table 7.4). Substances to which only a
few mothers were exposed, are omitted from the table as no odds ratios could
be calculated. The majority of the odds ratios presented in table 7.4 were
slightly elevated, but marked differences existed between case and referent

TABLE 7.4

Associations between mental retardation and
occupational
exposure of the mother in late pregnancy (months 6-9) expressed
by odds ratios (OR) with 90% confidence intervals (CI)

exposure of the mother in
late pregnancy (months 6-9)
correction fluid
copying machines
(personal) computers
hot environment
cold environment
draughty environment
lack of fresh air
noisy environment
hand-arm vibrations
(non-)ionizing radiation
mercurv
other heavy metals
paint / lacquers
hair cosmetics / dyes
alcohol
other organic solvents
hexachloropheen / phenylphenol
other disinfectants / antiseptics
antibiotics
other medical drugs
pesticides
animal food
biologically active dust
dust (coal/wood/textile/paper)

cases referents
[Ν=30βι (N = 3isi
13
14
3
32
11
20
30
18
8
7
6
5
9
6
19
19
8
20
12
6
5
7
9
14

11
6
5
24
11
12
23
12
4
1
1
4
4
2
12
16
3
14
5
5
β

6
12
7

OR

OR.,,'

(90% CI)

1.2
2.5
0.6
1.4
1.0
1.8
1.4
1.6
2.1
7.4
6.3
1.3
2.4
3.1
1.7
1.2
2.8
1.5
2.5
1.2
0.9
1.2
0.8
2.1

1.7
3.0
0.7
1.7
12
1.9
1.5
1.6
1.9
9.3
8.7
1.9
2.7
3.7
1.9
1.3
3.1
1.5
2.9
1.7
1.0
1.4
0.8
2.2

(0.8-3.5)
( 1 . 3 - 7 1)
(0.2 - 2.5)
( 1 . 0 - 2 8)
(0.6-2.5)
(1.0-3.5)
(0.9 - 2 5)
(0.8-3.0)
(0.7 - 5.5)
(1.5-55.7)
(1.4-53.3)
(0.6-6.0)
(1.0-7.5)
(0.9- 15.1)
(1.0-3.5)
(0 7 - 2.4)
( 1 . 0 - 9 7)
(0.8 - 2.8)
(1.2-7.2)
(0.6 - 4.7)
(0.4 - 2.8)
(0.5-3.6)
(0.4- 1.6)
(1.0-5.0)

' odds ratios adjusted for primigravidity, prematurity, alcohol consumption and leisuretime activities (cleaning at home, gardening, outdoor activities)
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mothers who worked with copying machines (OR = 3.0) or in a hot or draughty
environment (OR = 1 . 7 and 1.9), or who were occupationally exposed to
radiation (OR = 9.3), mercury (OR = 8.7), paint (OR = 2.7), hair cosmetics and
dyes (OR = 3.7), alcohol (OR= 1.9), disinfectant soap (OR = 3.1), antibiotics
(OR = 2.9) or dust (OR = 2.2).
In the other pregnancy periods, increased odds ratios were seen for the
same substances (table 7.5), whereas all other odds ratios varied around unity.
Although the number of exposed mothers was generally higher in early and
mid-pregnancy, most odds ratios were lower than those in late pregnancy and
the confidence intervals included unity, except for exposure to radiation,
mercury and hair cosmetics and dyes. The data for the preconceptional period
were very similar to those in early pregnancy and are not shown separately.
After birth, the prevalence of exposure was too low for most substances to
calculate meaningful odds ratios.

TABLE 7.5

Outstanding
associations
between mental retardation
and
occupational exposures of the mother in early (months 1-2) and
mid-pregnancy (monts 3-5) expressed by adjusted odds ratios
(OR) with 90% confidence intervals (CI)

exposure of the mother
during pregnancy

pregnancy months 1 -2
OR«,,'
(90% CI)

copying machines
hot environment
draughty environment
(non-)ionizing radiation
mercury
paint / lacquers
hair cosmetic / dyes
alcohol
hexachlorophene/phenylphenol
antibiotics
dust (coal/wood/textile/paper)

2.0
1.2
1.4
3.4
3.8
1.9
3.4
1.3
1.9
1.6
1.3

(1 0 -• 4 0)
( 0 . 8 - • 1.9)
(0.8-•2.4)
(1.1 •• 10.6)
( 1 . 0 - • 15.1)
( 0 . 8 ·• 4 . 2 )
(1.1 •• 10.2)
(0.8 • 2 . 2 )
(0.8 • 4 . 7 )
(0.8 • 3 . 2 )
(0.7 • 2 . 4 )

pregnancy months 3-5
OR.J,*
(90% CI)

1.9
1.1
1.6
10.1
3.9
2.0
5.0
1.6
2.3
1.8
1.5

( 0 . 9 ·• 4 . 0 )
( 0 . 7 · • 1 8)
( 0 . 9 · • 2 8)
(1.7-• 60.0)
( 1 . 0 · • 15.1)
( 0 . 9 ·• 4 . 8 )
( 1 . 3 - - 18.5)
10.9· • 2 . 7 )
(0.9 • 5 . 8 )
(0.8 • 3 . 7 )
(0.8 - 2 . 9 )

* odds ratios adjusted for pnmigravidity and leisure-time activities (cleaning at home,
gardening, outdoor activities)
* odds ratios adjusted for pnmigravidity, pregnancy complications, alcohol consumption
and leisure-time activities (cleaning and painting at home, gardening, outdoor activities)
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The simultaneous inclusion of several maternal exposure variables in multivariate logistic regression models yielded highly unstable and nonmterpretable
results because of strongly interrelated variables. Therefore, it was impossible
to determine independent risk factors for mental retardation among the
maternal occupational exposures.

Occupational exposure of the father
For many substances, the prevalence of occupational exposure among the
fathers was high compared to that of the mothers. It did not change much
during the critical period, so the data from the preconceptional period also
applied to pregnancy and the postnatal period. Odds ratios could be calculated

TABLE 7.6

Associations
between menta/ retardation and
occupational
exposure of the father in the preconceptionel period expressed by
odds ratios (OR) with 90% confidence intervals (CI)

exposure of the father in
the preconceptional period

copying machines
(personal) computers
hot environment
noisy environment
ionizing radiation
IR / UV radiation
ultrasound
microwaves / radiofrequencies
lead (mcl. plumbic paint)
mercury
cadmium
liquid fuel
exhaust fumes
benzene / toluene / xylene
methylene chloride
alcohol
acid solutions
pesticides
fertilizers
dust (coal/wood/textile/paper)
isocyanates / Polyurethane
chipboard

cases referents
(N=306] [N=315]

27
4
98
98
11
21
9
14
82
9
12
51
72
25
12
26
22
31
25
78
24
22

19
8
84
93
7
13
2
6
74
7
8
43
61
18
9
21
15
26
20
69
16
16
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OR

(90% CI)

1.5
05
13
1.2
1.7
1 8
49
2.5
1.2
1.4
1.6
1 3
1 3
1.5
1.4
1 3
1.6
1 3
1.3
1.3
1.6
1.5

(0 9 - 2 6)
(0.2- 1.4)
(1 0 - 1 8)
(0.9- • 1 5)
(0.8- 3 8)
(1.0- 3 2)
(1 3 - 17 7)
(1.1 ••5.7)
(0 9 -•1 7)
(0 6-•3.2)
(0.8- •3.4)
(0 9 -• 1 9)
(1 0 ·• 1 8)
(0 9 -•2 5)
(0.7- - 3 0)
(0 8 -2.2)
(0.9 -2.8)
(0.8 -2.0)
(0.8 - 2 2)
(0 9-- 1 7)
(0 9--2.8)
(0 9 • 2 6)

for 61 paternal occupational exposures, but only a small proportion deviated
slightly from unity (table 7.6). Significantly increased odds ratios were
observed for fathers who worked in a hot environment (OR = 1.3) or who were
exposed to non-ionizing radiation (OR BA , v =1.8, OR,^,^.^, = 4 9, ORMW/RF = 2.5)
or exhaust fumes (OR = 1.3).

DISCUSSION

The aim of this study was to explore the hypothesis that certain occupations
or occupational exposures of the mother and/or father before, during, or after
pregnancy could cause mental retardation in offspring. No associations were
observed between mental retardation and the occupational title of the father,
but increased odds ratios were found for a few occupational exposures. For
the mother, some occupations and a series of occupational exposures were
associated with mental retardation, particularly when exposure occurred in late
pregnancy. As this was a retrospective study, however, it is conceivable that
the results could have been biased by the quality of the information, by the
selection of cases and referents or by confounding bias.
Information was, if possible, collected from both parents personally by
skilled interviewers using a structured questionnaire. The quality of information
was considered to be sufficient for almost all the participants, with regard to
consistency and completeness. No differences were observed between data
obtained from both parents and data supplied by the mother only. The occupational hygiënist who checked the interviews noted a remarkably good agreement between the number and kind of exposures stated by the respondents
and those

expected

based

on occupational

title.

This

indicates

that

nondifferential misclassification is not a major issue in this study, although
recall errors were to be expected because of the long time lag between
pregnancy and interview (2-25 years; median 11 years). 2930 Recall error is not
important where occupational titles are concerned,31 but for other variables,
such as smoking, alcohol consumption and job histories, recall errors could
lead to underreporting.3233 As the time lag was similar for cases and referents,
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the possible underreporting was nondifferential and did not lead to biased
results. However, it may have detracted from our ability to detect associations
between specific exposures and mental retardation.
To avoid recall bias in the present study, 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
for the occupational variables.25 Moreover, the odds ratios for exposures a
prion labelled as 'pseudo-exposures'

(e g. mineral fibres, drugs against

stomach aches) were close to unity, indicating no differential recall by case
and referent parents. Recently it was shown that recall bias caused by
differential misclassification of exposures has a limited impact on the study
validity when exposure prevalences are low.34
The study population was selected according to the etiology of the
handicaps. Cases were excluded as soon as a cause could be suspected,
whereas for all the referents a definite cause had been demonstrated, which
was unrelated to the parental occupation. If misclassification did occur
nevertheless, the odds ratios were biased towards unity. As the mam selection
factors for the referents were genetic aspects and severe perinatal complications, pnmigravidity and the proportion of complications during pregnancy and
delivery were increased among the referent mothers. Otherwise, case and
referent parents were comparable with respect to the background variables
age, education and living environment and the majority of life-style factors, in
which they also resembled the general population. Therefore, there are no
reasons to assume that the initial selection or the 10% non-response were
differential concerning the occupational variables or any other variable that
could not be controlled for in the analyses. Pnmigravidity was a strong
confounder, because it influenced the mother's opportunity to be employed.
As complications during pregnancy or prematurity could force mothers to stop
working early in pregnancy, they were also corrected for in the analyses. The
same accounted for some life-style factors (alcohol consumption, leisure-time
activities) that were related to the maternal occupation.

149

In summary, we conclude that neither major confounding nor differential
selection or information bias have seriously influenced the validity of the
study. Moreover, the results of this study indicate that generalization to other
populations with limited occupational exposure is justified.
The odds ratios were calculated with 90% confidence intervals to make
sure that no possibly important associations were overlooked in this explorative study. For the same reason, no adjustments were made for multiple
comparisons,35 taking for granted that some findings would not be confirmed
in further study. Nevertheless, some hazardous occupational exposures may
have remained undetected due to the small number of exposed parents and
the low power of the study for these agents.
Although the data were gathered and analysed for the five time intervals
separately, the high-risk periods of exposure m the origin of mental retardation
cannot be exactly determined. For one, very few fathers changed jobs or occupational activities during the critical period For another, mothers who worked
in a particular job in the late pregnancy period usually did so in the previous
time intervals as well. So exposure in pregnancy months 6-9 practically always
meant exposure during the total pregnancy period and prior to conception
However, the odds ratios for only a few exposures were increased in every
time interval, whereas in late pregnancy (months 6-9), the more pronounced
results were observed. This finding matches the general concept that teratogenic exposure early m pregnancy causes gross structural damage, 611 while
the same exposure from 3 months of pregnancy onwards can lead to primarily
functional disturbances, such as mental retardation
In the present study, no relation was found between mental retardation
and occupational title of the father, but paternal exposure to non-iomzmg
radiation and exhaust fumes or working in a hot environment seems to be
associated with mental retardation. The latter two factors may be common to
mining and transportation, for which a slightly increased odds ratio was also
found. Drivers have been associated with congenital defects of the central
nervous system before. 36 Non-iomzmg radiation is a major exposure among
fathers working in (para-)medical jobs; in one study, occupations with electromagnetic exposure were related with childhood brain tumors
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37

A preconcep-

tional paternal influence may be assumed, although exposure occurred during
the total critical period. For other potentially hazardous chemicals reported in
the literature, such as heavy metals and solvents, a few slightly elevated odds
ratios were observed, but conclusions cannot be drawn.
As opposed to the fathers, relatively high odds ratios were seen for
mothers working as hairdressers, in health care (i.e. nurses), in education and
administration (i.e. bookkeepers and cashiers), or in textile and clothing
industries, and for a series of maternal occupational exposures. It should be
noted that some of these odds ratios were based on small numbers, but the
confidence intervals did not include unity. As expected, the odds ratios were
close to unity for the non-exposed group of sales workers and for mothers
working in agriculture. The latter were not heavily exposed and the odds ratios
for the mam agricultural exposures (pesticides, animal food and biologically
active dust) also varied around unity.
In the literature, mental retardation has never been related directly to
occupational factors. However, Hemmmki 38 listed health care workers, hair
dressers and textile workers among the professions with exposure to large
amounts of chemicals which are potentially hazardous to the reproduction.
These exposures

include organic solvents

and heavy metals which

suspected of being causally related to mental retardation.

1

are

In the present

study, the assumed associations with mental retardation were confirmed for
maternal exposure to alcohol, 9 1 0 mercury 1 5 1 β and radiation, 1 9 2 3 whereas the
results for lead, cadmium and anaesthetics are inconclusive due to lack of
data. The hypothesis about pesticides1 could not be confirmed, but new
hypotheses were generated concerning copying machines, climate factors,
paint and lacquers, hair cosmetics and dyes, disinfectant soap, antibiotics and
dust. However, one should be very careful doing so, because it was difficult to
determine independent risk factors in this study.
Nurses for example stated that they were exposed to disinfectant soap,
antibiotics, radiation, mercury, alcohol and other solvents. Among hairdressers,
the handling of scissors could possibly lead to the absorption of nickel, but
besides alcohol, hair cosmetics and dyes seem to be the mam exposures. The
latter comprise many different agents including heavy metals, solvents and
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pigments. The causal agents in hair dyes, as well as in paint and textile dust,
may be pigments or one of the component solvents. Ammonia was the mam
exposure from old-fashioned copying machines; nowadays ozone could be a
risk factor among clerical workers.
Climate factors were mentioned by many mothers in high-risk occupations,
but a direct influence on the development of the fetal central nervous system
seems unlikely. However, climate factors may be associated with infections
that go unnoticed, particularly in occupations that involve permanent contact
with people (e g. nurses, teachers and cashiers). For bookkeepers and
cashiers, a tentative hypothesis also points toward the handling of money
(heavy metals). The low odds ratios observed for catering workers are
probably due to selection factors, as these women experienced more perinatal
complications and were therefore selected as referents.
Keeping in mind that the present study was conducted with an explorative
design, we can formulate a few provisional conclusions. For fathers, no highrisk occupations for having a mentally retarded child emerged from the study,
although drivers and radiation workers are suspect. Pregnant mothers working
as a nurse, teacher, bookkeeper or cashier, hairdresser or textile worker may
experience an increased risk for mental retardation among their offspring,
particularly when they keep on working until their maternity leave a few weeks
before delivery. Because of the strong associations among the occupational
variables, it is impossible to draw straightforward conclusions about separate
exposures. Still, this study supports the hypotheses that parental exposure to
(non-)ionizing 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 infections and work with copying machines, may be labelled as
possible maternal risk factors for mental retardation. Further studies in this
field should focus on the observed associations and try to explore them in
more detail, with regard to the causal exposures within the high-risk occupations and the critical exposure periods.
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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 occupational activities in the pregnancy
period. Detailed occupational histories were obtained which were compared to
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 were
observed 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), hexachlorophene/phenylphenol (OR = 3.1), antibiotics (OR = 2.9) and dust (OR = 2.2) and for working with copying machines
(OR = 3.0) or in occupations with poor climatological circumstances and
permanent contact with people. The latter was confirmed by the British matrix
(OR= 1.7). Otherwise, most of the above-mentioned associations 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
epidemiologic studies in view of their general properties and limitations.
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INTRODUCTION

In occupational epidemiologic studies, several methods can be used to gather
information about exposure retrospectively. 1 Personal occupational histories,
either obtained by means of postal questionnaires 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. 24 Company registers usually contain
accurately recorded occupational titles, but are incomplete regarding individual
exposure.1 Job-exposure matrices, finally, can be used to generate a list of
(potential) occupational exposures for each study subject when the occupational title and industrial category are known. 5 6 However, several drawbacks in
the coding of occupations and in the classification of exposures limit the
applicability of these matrices. 57
in a case-referent study on mental retardation and parental occupation,
detailed information on exposure was collected by means of personal interviews with the parents. Mental retardation is a developmental defect of the
central nervous system with a prevalence of approximately 3% in school-age
children; the causes include several genetic, pre, pen and postnatal factors. 8
The interview focussed on the hypothesized exogenic risk factors for mental
retardation, 9 ' 0 such as parental exposure to lead, 1112

methylmercury, 1314

alcohol and other organic solvents,' 015 and ionising radiation.' 617 Other
potentially hazardous occupational and non-occupational exposures were also
taken into account. As a result, 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 compared the exposure data generated by a British5 and an
American 6 job-exposure matrix to those from the interview with the parents, in
order to evaluate the accuracy of the matrices for identification of risk factors
for mental retardation. The applicability of job-exposure matrices for reproductive epidemiologic studies in general was inferred from the results.
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STUDY POPULATION AND METHODS
A case-referent study was conducted on 340 mentally retarded children with
an unknown etiology (cases) and 362 children with other congenital handicaps, for which the cause was known (referents). Both groups were selected
from the medical files of children referred to the Paediatric or Child Neurology
department of the Nijmegen University Hospital or to rehabilitation centres in
the vicinity, in the period from 1979 to and including 1987. The diagnoses of
the cases included mental and psychomotor retardation (ICD codes 317-319)
with an I Q < 8 0 , according to the Dutch school criterion for the mentally
retarded. Thorough etiologic examination in the past had not revealed a
specific cause for the retardation. Thus the pre, pen and neonatal development
of the cases was practically uneventful and genetic or other disorders were
ruled out. The mam diagnoses of the referents were familial neuromuscular and
metabolic disorders (ICD 3 3 4 . 1 , 335 and 359.1) and cerebral palsy (ICD 343).
Genetic factors (45.4%) 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. This referent group
was chosen for its comparability to 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, in order to avoid information bias.

Data collection through interview
By letter, the parents of cases and referents were invited to participate in a
personal interview about the 'critical period' that ranged from 3 months preconception to 6 months postnatally of the child of interest. The total period
was subdivided into five time intervals according to the stages of development
(preconceptional period, pregnancy

months

1-2, pregnancy months

3-5,

pregnancy months 6-9, postnatal period). The interviews were performed by
two trained interviewers using a structured questionnaire. First of all, a
calendar was filled in with landmark events, in order to focus the attention of
the parents on the critical period. Next, a detailed occupational history was
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made for both parents for each time interval, based on questions about their
occupational title, industrial category and physical working
supplemented by industry-specific

environment,

exposure check-lists. These check-lists

included all the chemical substances that were possibly used in the particular
industrial group to which the respondent's job belonged.4 The interview was
completed with questions about the age and education of the parents, occupational exposure 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 hygiënist who was blinded towards
the case/referent status, and statistically analysed per time interval by means
of crosstabulation and logistic regression modeling. As effect measures, odds
ratios (OR) were calculated with 90% confidence intervals (90%CI), because
of the explorative character of the study. Where necessary, the odds ratios
were adjusted for confounding. In order to check for potential confounding
variables, the distributions of background and anamnestic variables, life-style
factors and leisure-time activities were examined (table 8.1) The occupational
titles were grouped according to the classification of occupations of the
International Labour Office' 8 and analysed with the unemployed parents as
reference category (table 8.2). 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 parents were not considered to
have been occupationally exposed; any exposure at home was recorded under
leisure-time exposure and treated as a potential confounder. The occupational
exposures were analysed as dichotomous variables, contrasting 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 industrial category
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from

the

interviews was receded according to the British Registrar General's classifications of occupations and industries for the British matrix 5 and converted into
a special 5-digit code used in the American matrix. 9 Exposures were generated
for each parent who had been employed in the critical period (308 mothers
and 611 fathers). In the British job-exposure matrix, a distinction was made
between exposures before and after 1950; the latter were used in the present
study. Forty-nine exposure categories were included in this matrix, but only 30
of these were comparable to (groups of) exposures 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 m the
analyses. A dichotomous yes/no variable was created for each exposure,
irrespective of the level of exposure
For each parent, the exposures generated by the matrices were compared
to the exposures reported in the interview for the preconceptional period, in
which time interval the number of exposed parents reached a maximum. As
measures of agreement, the number of concordant and discordant exposures
were calculated. These measures were then averaged across the 308 mothers
and 611 fathers (table 8.3). 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
m the same way as the interview data for each time interval in the critical
period. Odds ratios 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 odds ratios were compared to the
results from the personal interview.

RESULTS

The parents of 306 cases and 322 referents participated in the study (overall
response rate 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 check-lists
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were left for him to complete. The lag time between the critical period and the
interview varied from 2 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 confounders.
The confounding variables corrected for in the analyses of the maternal
occupational exposures, are listed in table 8 . 1 . Cases and referents were
comparable with respect to gender, age and education of the parents, place of
residence 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 be a reason for pregnant women to stop

TABLE 8.1

Distribution of the confounding variables of the mother in the
analyses of occupational exposures in different time intervals in
the critical period

confounding variables mother

time interval
for correction
of confounding

percentage (%) of
cases
referents
IN = 3061

IN = 3221

gravidity: Primigravidae
complications during pregnancy
premature birth ( < 3 8 weeks)

total period
months 3-5
months 6-9

36.6
14.1
12.1

46.0
19.6
25.8

consumption of alcoholic drinks

months 3-9

39.3

31.4

leisure time activities:
- cleaning of the house
- painting of the house
- working in the garden
- outdoor (exhaust fumes)

total period
months 3-5
total period
total period

86.0
16.3
26.5
38.9

76.6
11.5
19.6
31.4
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working early in pregnancy. Seven referent mothers who suffered from
epilepsy were excluded from the analyses.
Among the life-style factors, 19 alcohol consumption 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 statistically significant higher proportion of case mothers were involved in cleaning at
home, gardening and outdoor activities in which they inhaled exhaust fumes.
These leisure-time activities were included m the further analyses as confounding variables, as was painting at home in pregnancy 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,
the maternal occupations are listed in table 8.2 for the late pregnancy period
(months 6-9). During this time 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 observed 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
preconceptional period and the first 5 months of pregnancy, the same associations were seen but these were only statistically significant for hairdressers
(OR™.,,* 3-5 = 4.3, 90%CI: 1.1-16.7) and cashiers (OR month 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 odds ratios for the maternal occupation in the postnatal period. No differences were observed in the occupational distribution of
case and referent fathers.

Agreement between interview and matrices
In table 8.3 the average number of concordant and discordant exposures are
presented as measures of agreement between the interview and job-exposure
matrices. The majority of exposures were neither reported in the interview, nor
generated by the matrices (interview- / matrix-). Only 9.3% and 17.7% of
the exposures scored positive in the interview or British matrix for mothers and
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TABLE 8 2

Associations between mental retardation and occupation of the
mother in late pregnancy (months 6-9) expressed by odds ratios
(OR) with 90% confidence intervals (CI)

occupation of the mother in
late pregnancy (months 6-9)

occupationally employed
health care worker
nurses
other medical workers
educational worker
clerical workers
bookkeepers / cashiers
other clerical workers
sales workers
service workers
hairdressers
housekeepers
catering services
agricultural workers
industrial workers
textile industry
other industries

cases

referents

[N = 306]

[N = 315]

OR

OR«,,'

(90% CI)

106

94

1 3

1 6

( 1 2 - 2 2)

24
19
5
9
23
7
16
8
17
4
11
2
14
11
7
4

12
7
5
6
22
3
19
11
19
2
11
6
16
8
4
4

22
30
11
1 7
1 2
26
09
08
1 0
22
11
04
1 0
1 5
1 9
11

3 1
42
1 6
26
1 8
57
14
09
1 2
2 7
15
03
1 0
1 8
2 7
1 2

(16-58)
( 1 9 - 9 2)
(05-49)
( 1 0 - 6 5)
( 1 0 - 3 2)
(1 6 20 1)
(07-26)
(04-20)
(0 7 - 2 21
(0 6 115)
(0 7 - 3 2)
(01-14)
(05-20)
(08-43)
(09-83)
(03-40)

' odds ratios adjusted for pnmigravidity, prematurity, alcohol consumption and leisuretime activities (cleaning at home, gardening, outdoor activities)

fathers, respectively These figures were 14 8% and 21 7% for the American
matrix

The number of concordant exposures (interview + / matrix+ ) was

small compared to the discordant exposures For instance, for the fathers, the
American matrix generated an average of only one exposure in accordance
with the interview, whereas almost 3 self-reported exposures were missed and
5 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
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matrices than were recorded during the interview. These differences were
strongest for mothers in the American job-exposure matrix.

TABLE 8.3

Agreement between the occupational exposures reported in the
personal interview and those generated by the British and
American job-exposure matrices5 s

measures of agreement
between personal
interview and
job-exposure matrix
concordant exposures:
interview + / matrix +
interview - / matrix discordant exposures:
interview + / matrix interview - / matrix +
sensitivity of matrix
false-positive exposures

average number of exposures
British matrix
American matrix
(30 matching exposures!
(42 matching exposures)
mother
father
mother
father
|Ν-30β1

[Ν-βΙΙΙ

(N-ЗОвІ

(Ν-β111

0.3
27.2

1.0
24.7

0.2
35.8

1.1
32.9

09
1.6

2.2
2.1

1 0
5.0

2.8
5.2

32.4%
66.7 %

26.8%
83.1 %

17.9 %
96.0%

29.3 %
82 0 %

Occupational exposure of the mother
The results of the analyses for the mothers are summarized in tables 8.4 to
8.6 for the late pregnancy period (months 6-9). During this time interval, the
most pronounced associations were observed. No odds ratios were calculated
for agents to which less than 1 % of the population were exposed; if exposure
was below 1 % m the interview and matrix, the agent was omitted from the
tables. For the majority of 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 8.4), significantly increased odds ratios 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). In contrast, the matrix showed a reduced odds ratio for heat
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(OR = 0.3), odds ratios of approximately unity for mercury and dust, and
almost no exposure to solvents. The number of exposed mothers and the odds
ratios were comparable only for paint (ORn,.,nx = 3.9). For ionising radiation,
ethylene oxide, printing inks and adhesives, the matrix produced a number of
exposed persons and slightly elevated odds ratios, whereas according to the

TABLE 8.4

Associations between mental retardation and maternal occupa
tional 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
of the mother in late
pregnancy (months 6-91

ionising radiation
ultraviolet light
heat
cold
lead (compounds)
mercury (compounds)
arsenic (compounds)*
organic solvents
diesel fuel
PAH's (skin contact)
aromatic amines*
chlorophenols*
polychlormated biphenyls*
nitrates*
formaldehyde
ethylene oxide
pamt/pigments/dyes
printing inks
adhesives
waxes and polishes*
detergents
herbicides
biologically active dust
dust (wood/textile/coal)
contact with animals*
contact with public*
outdoor occupation*

personal interview
ca

re

OR*

( 9 0 % CI)

„

--

3 2 24
11 11

1.7
1.2

6

1

8.7

( 1 . 4 - 53.3)

27

19

1.7

( 1 . 0 - 2.81

--

(1.Ο 2.8)
ΙΟ.6· 2.5)

---

9

4

---

2.7

( 1 . 0 - •7.5)

-20
5
9
14

14
6
12
7

1.5
1.0
0.8
2.2

( 0 . 8 - •2.8)
(0.4- 2.8)
( 0 . 4 - 1.6)
( 1 . 0 - 5.0)

British
job-exposure matrix
ca re
OR'
( 9 0 % CI)

10
6
3
17
2
6
18

5
6
9
17
6
7
18

2.2
1.3
0.3
1.0
0.4
1.0
1.1

( 0 . 8 - •5.5)
( 0 . 5 - •3.4)
(0.1 • 1.1)
( 0 . 6 - • 1.91
(0.1 • 1.7)
(0.4-•2.7)
( 0 . 6 - 1.9)

13
4
5
12
22
14
3
10
7
22
25
16
15
14
14
7
14
54
16

13
5
2
12
20
16
5
6
2
20
21
13
18
16
17
5
19
42
16

1.0
( 0 . 5 - •2.0)
1.1
( 0 . 3 - •3.4)
2.6
(0.6-• 10.5)
( 0 . 5 · •2.0)
1.0
(0.9-•2.8)
1.6
10.5·• 1.7)
0.9
0.8 . (0.2 •2.8)
( 0 . 8 · •4.5)
1.8
(1.0 • 15.1)
3.9
( 0 . 9 · •2.8)
1.6
( 0 . 9 · •2.8)
1.6
( 0 . 7 - •2.7)
1.4
(0.5-• 1.6)
0.9
(0.5-• 1.7)
0.9
( 0 . 5 - 1.6)
0.9
1.4
( 0 . 5 - •3.8)
0.7
( 0 . 4 · • 1.4)
( 1 . 2 - •2.51
1.7
(0.6-•2.1)
1.1

--

* odds ratios adjusted for pnmigravidity, prematurity, alcohol consumption and leisuretime activities (cleaning at home, gardening, outdoor activities!
* exposure not asked for in the personal interview
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interview almost no mothers were exposed Examination of the non-matching
exposure items cf tne 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 the American job-exposure
matrix (table 8.5), the same differences were seen for the odds ratios of

TABLE 8.5

Associations between mental retardation and maternal occupa
tional exposures in late pregnancy (months 6-9) according to
information gathered by means of a personal interview or
generated by the American /ob-exposure matrix6
[matching
exposures N = 42]

occupational exposure
of the mother in late
pregnancy (months 6-91

ionising radiation
ultraviolet light
vibration
heat
cold
lead (compounds)
mercury (compounds)
iron/zinc (compounds)
aluminum/magnesium (comp)
welding fumes
gasoline/petroleum
anti-knock agents
diesel fuel
coal tar
naphtalene
phenol/cresol
benzene/toluene/xylene
chloroform
methylene chloride
tri/per /tetra
alcohol
formaldehyde
ethylene oxide
pamt/pigments/dyes
pesticides
dust (wood/textile/coal)
butadiene/styrene/chloroprene
epoxy resins

personal interview
ca

re

.
.-

11
32
11

4
24
11

2.9
17
1 2

6

1

8 7

19

9
5
14

12

4
6
7

( 9 0 % CI)

OR'

14
26
(1 1 - 7 9)
(1 Ο 2 8)
ΙΟ 6 · 2 51

--

(1 4 - 53 3)

·-.-.--

1 9

---

American
job-exposure matrix
ca re
OR»
( 9 0 % CI)

27
1 0
22

(1 0

3 5)

(1 о

7 5)
2 8)
5 0)

(0 4
(1 0

-•"

13
22

1 4
1 3

4
6
4
5
9
9
15 14
16 13
18 11
13 10
IO 10
11 10
15 10
18 17
9
8
24 27
25 26
7
4
7
3
19 16
7
5
13 10
9 10

09
1 0
1 1
1 2
1 4
1 8
1 5
1 1
1 3
20
1 1
1 2
1 0
1 1
1 9
27
1 4
08
1 4
1 0

26 22
3 7 31
9 10
2 0 16

1
1
1
1

--

--

3
3
0
5

(0 7
(0 8

2 7)
2 2)

(0
(0
(0
(0
(0
(0
(0
10
(0
(1
(0
(0
(0
(0
(0
(0
(0
(0
(0
(0

3
3
5
7
7
9
7
5
6
0
6
5
6
7
7
8
8
3
7
5

2
3
2
2
2
3
3
2
2
4
2
2
1
1
5
8
2
2
3
2

6)
2)
6)
4)
6)
6)
1)
3)
9)
1)
0)
8)
6)
8)
7)
7)
5)
1)
0)
1)

(0
(0
(0
(0

8 2
9 2
5 2
8 •2

2)
1)
2)
7)

* odds ratios adjusted for pnmigravidity, prematurity, alcohol consumption and leisuretime activities (cleaning at home, gardening, outdoor activities!
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mercury (OR = 8.7 versus 1.2) and dust (OR = 2.2 versus 1.3). The odds ratio
for heat was 0.9 in the American matrix and for paint no matrix odds ratio
could be calculated. Many other exposures belonged to the extremely low
exposure categories in the interview, whereas the matrix showed a consider
able number of exposed mothers. The odds ratios for aluminum/magnesium
(0R=1.8), diesel fuel (OR = 2.0), chloroform (OR=1.9) and methylene chloride
(OR = 2.7) were slightly elevated, but were only statistically significant for
diesel fuel. In the interview data, on the other hand, significantly increased
odds ratios were observed 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.
In table 8.6 the remaining exposure categories of the interview are listed.
These exposures were not included in either one of the job-exposure matrices,
but were relevant to the study on mental retardation. A series of markedly

TABLE 8.6

Associations between mental retardation and maternal occupa
tional exposures in late pregnancy (months 6-91 according to
information gathered by means of a personal interview which is
not generated by the British and/or American job-exposure
matrices5 δ

occupational eposure
of the mother in late
pregnancy (months 6-91
correction fluid
copying machines
(personal) computers
draughty environment
lack of fresh air
noisy environment
(non-)ionising radiation
hair cosmetics / dyes
hexachloropheen/phenylphenol
antibiotics
other medical drugs
animal food

cases referents
lN-зові IN-SISI

13
14
3
20
30
18
7

11
6
5
12
23
12
1
2
3
5
5
6

β

8
12
6
7

OR^,'

(90% CI)

17
3.0
0.7
1.9
1.5
16
9.3
3.7
3.1
2.9
1.7
1.4

(0.8 - 3 5)
(1.3-7.11
(0.2 - 2.5)
(1.0-3.5)
(0.9 - 2.5)
(0.8 - 3.01
(1 5-55.7)
(0.9- 15.1)
(1.0-9.7)
(1.2-7.2)
(0.6 - 4 7)
(0.5 - 3 6)

' odds ratios adjusted for pnmigravidity, prematurity, alcohol consumption and leisure
time activities (cleaning at home, gardening, outdoor activities)
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increased risks were observed: 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
odds ratios were observed in the preconceptional period and in early and midpregnancy (months 1-2 and 3-5). According to the interview, the odds ratios
were increased for mothers working with copying machines or exposed to
(non-)ionising radiation, mercury and hair cosmetics and dyes. The British jobexposure matrix showed increased odds ratios 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
The results for the father are summarized in tables 8.7 and 8 8 for the preconceptional period, which is indicative for the total critical period. In general,
the number of fathers exposed to a particular agent was high compared to the
mothers. Odds ratios could be calculated for almost all exposure categories,
but most of them varied around unity. For the sake of parsimony, exposures
were omitted from the tables when the odds ratios from both the interview
and the job-exposure matrix were close to unity.
In the interview data, significantly increased odds ratios were observed for
working in a hot environment (OR = 1 3) and for exposure to microwaves/
radiofrequencies (OR = 2.5) and exhaust fumes/PAHs (OR=1 3). The elevated
odds ratios 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 disulfide (OR = 1 8) and isocyanates (OR = 1.6) were not statistically
significant (tables 8.7 and 8.8). In the British matrix, increased odds ratios
were observed for exposure to beryllium (OR = 2.3) and styrene (OR = 1 8).
The odds ratio 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 odds ratio
for iron/zinc (OR = 0.7) and elevated odds ratios for lubricants and cutting oils
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TABLE 8.7

Associations between mental retardation and
occupational
exposures of the father in the preconceptional period according
to information gathered by means of a personal interview or
generated by the British job-exposure matrix6 IN = 49 / matching
exposures N = 30]

occupational exposure
of the father ¡n the
preconceptional period

ionising radiation
ultraviolet light
microwaves/radiofrequencies
heat
mercury (compounds)
cadmium (compounds)
beryllium (compounds)
welding/solding fumes
anti-knock agents
PAH's (inhalation)
PAH's (skin contact)
benzene (toluene/xylenel
formaldehyde
cutting oils
printing inks
dust (wood/textile/coal)
acrylonitrile
styrene
epoxy resins

personal interview
ca re

OR

(90% CI)

7
11
14
8
14
6
98 8 4
7
9
12
8

1.7
1.9
2.5
1.3
1.4
1.6

( 0 . 8 · 3.8)
( 0 . 9 ·•4.0)
(1.1 •• 5 . 7 )
( 1 . 0 ·•1.8)
( 0 . 6 ·•3.2)
(0.8-•3.4)

32 41

0.8

(0.5-•1.2)

72 61
16 12
25 18
4
7
40 44
4
6
78 69

-

1.3
1.4
1.5
0.6
1.0
0.7
1.3

( 1 . 0 · •1.81
(0.8 • 2 . 7 )
( 0 . 9 ·• 2 . 5 )
(0.2-•1.7)
(0.7-•1.4)
(0.2 •2.01
(0.9 • 1 . 7 )

-

British
job-exposure matrix
ca re
OR 190% CI)

10
12
22
17
17
22
13
31
12
32
47
20
26
15
22
56
5
17
33

7
17
28
21
12
30
6
45
13
41
58
20
29
23
33
50
4
10
29

1.5
0.7
0.8
0.8
1.5
0.8
2.3
0.7
1.0
0.8
0.8
1.1
0.9
0.7
0.7
1.2
1.3
1.8
1.2

(0.7-•3.5)
( 0 . 4 - • 1.4)
( 0 . 5 - • 1.3)
( 0 . 5 - • 1.51
( 0 . 8 - 2.91
( 0 . 5 - 1.2)
( 1 . 0 - 5.3)
( 0 . 5 - 1.0)
( 0 . 5 - 1.9)
( 0 . 5 - • 1.2)
( 0 . 6 - • 1.2)
( 0 . 6 - 1.8)
( 0 . 6 · • 1.5)
( 0 . 4 - 1.2)
( 0 . 4 - 1.1)
( 0 . 9 ·• 1 . 7 )
(0.4-•4.0)
( 0 . 9 ·• 3 . 6 )
( 0 . 8 - • 1.91

(OR = 2.1) and pesticides (OR = 1.4).
Among the exposures which were 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=1.5, 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 to detailed occupational histories obtained by means of a personal
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TABLE 8.8

Associations between mental retardation and occupational
exposures of the father in the preconceptional 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
of the father in the
preconceptional period

personal interview
ca re

OR

(90% CI)

ionising radiation
11
7
14
ultraviolet light
8
microwaves/radiofrequencies 14
6
vibration
113120
98 8 4
heat
7
mercury (compounds)
9
12
8
cadmium (compounds)
iron/zinc (compounds)
56 6 0
aluminum/magnesium (comp) 38 4 4
anti-knock agents
exhaust fumes
72 61
coal tar
16 12
naphtalene
4
phenol/cresol
5
25 18
benzene/toluene/xylene
chloroform
5
2
12
methylene chloride
9
alcohol
26 21
formaldehyde
4
7
(ethyl) ether
carbon disulfide
5
3
lubricants and cutting oils
40 44
paint/pigments/dyes
8 3 85
pesticides
31 26
dust (wood/textile/coal)
78 69
acrylomtnle
butadiene/styrene/chloroprenc I
24 16
isocyanates (polyurethanes)
vinyl chloride
epoxy resins

1 7
1 9
25
1 0
1 3
14
1 6
10
09

(0
ΙΟ
(1
(0
(1
ΙΟ
ΙΟ
(0
(0

-

1 3
14

--

1 3
1 5
2.7
1 4
1 3
06

"

18
1 0
10
1 3
13

--

1 6

Θ- 3
9- 4
1 ••5
8· 1
Ο 1
β- 3
8- 3
7 -• 1
6 -• 1

8)
0)
7)
3)
8)
2)
4)
4)
3)

(1 Ο• 1 8)
ΙΟ 8 -• 2 71
(0
(0
(0
(0
(0
ΙΟ

4 -• 4 0)
9 -• 2 5)
7 -• 10 6)
7 -• 3 01
Β• 2 2)
2 ·• 1 71

t o s • 5
i ó ? ·• 1
(0 8 • 1
IO 8 - 2
(0 9 • 1

9)
4)
4)
0)
7)

IO 9 - 2 8)

-

American
job-exposure matrix
ca re
OR 190% CI)

62 60
135121
7 10

1 1
1 3
07

41
35
14
84
27
51
42
76
9
33
86
12
6
21
β 11
3 6 35
18 17
10
5

1 3
06
08
07
06
09
1 1
1 2
07
09
09
1 2
09
1 3
08
1 1
1 1
2 1

6 0 49
109119
11
8
11 14
15 16
4
6
64 7 0

1 4
09
1 5
08
1 0
1 6
1 0

49
22
11
58
17
60
42
83
6
28
75
13
5
26

--

-

I0 8 -•1 61
(1 0 - 1 7)
(0 3 -• 1 7)
(0
(0
(0
IO
ΙΟ
(0
ΙΟ
(0
(0
(0
(0
(0
ΙΟ
(0
ΙΟ
(0
(0
ΙΟ

9 -•1 9)
4 - 1 0)
4 -•1 6)
δ -•0 91
4 -• 1 1)
β-•1 2)
7 -•1 7)
9 -• 1 6)
3 -•1 7)
6 ·•1 4)
7 1 2)
β-•2 2)
3 ·•2 4)
β-•2 2)
4 ·•1 7)
7 ·•1 7)
β-•2 0)
9 •5 3)

(1
(0
(0
(0
10
(0
(0

0
7
7
4
5
6
7

- 1 9)
•1 2)
•3 2)
•1 6)
-1 8)
•4 6)
•1 3)

interview with the parents, in order to evaluate the applicability of jobexposure matrices. The agreement between the interview and the job-exposure
matrices was low, which was caused in particular by a large number of
false-positive exposures generated by the matrices In the interview data, a
series of increased odds ratios were observed for occupational exposures of
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the mother; a few paternal exposures were also associated with mental
retardation. Analyses of the matrix data confirmed only a minority of these
associations and yielded hardly any increased odds ratios 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 confounding, and the quality of information from the interviews as well as
the properties of the job-exposure matrices.
The study population was selected according to the etiology of the
handicaps of the children. Cases were excluded whenever a cause was
suspected. On the other hand, a definite cause had been demonstrated 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 for the majority of life-style factors,
in which they also resembled the general population.19 Therefore, it is unlikely
that the selection of cases and referents biased the results obtained by the
interview. The differences between the interview and the job-exposure
matrices cannot be ascribed to selection bias either, as the study population
was similar. All the confounders (pnmigravidity, complications during pregnancy, prematurity, alcohol consumption and several leisure-time activities)
were controlled for in the analyses of the interview data as well as the jobexposure matrices.
In the interview, information was collected from the parents personally by
skilled interviewers using a structured questionnaire. The quality of the
information was satisfactory for almost all of the participants with regard to
consistency and completeness. No differences were observed 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 (2-25 years),
underreporting of occupational exposures was not unlikely.32021 However, the
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occupational hygiënist who checked the interviews noted a remarkably good
agreement 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 regarding occupational
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
appeared to be very country-specific.2223 A number of 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 occured,
leading to misclassification of exposures. The latter may also be induced by
the assessment of exposures in the matrix, which were 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 exposures generated by the matrices were inappropriate for occupations in
the Netherlands. Moreover, variations m the kind and level of exposure 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 exposure grades was not an issue in the
present study.
Apart from problems of misclassification, the specific exposure categories
which have been included in the matrices, are crucial for the applicability. The
British matrix was developed for studies on occupational diseases in general
with emphasis on lung diseases and cancer.5 The latter disorder was also the
main objective of the American job-exposure matrix.' This means that, in
addition to common occupational exposures, (suspected) carcinogens primarily
make up the list of exposure items. This limits the utility in, for instance, repro-
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ductive epidemiologic studies. However, a certain overlap between agents
with carcinogenic and teratogenic properties is assumed.24
The above-mentioned limitations of job-exposure matrices are reflected m
the results of the present study. The measures of agreement between the
interview and the two matrices indicated low sentitivities for the identification
of risk factors for mental retardation, in accordance with several 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 prevalences of exposure were higher according to the matrices than according to the interview
information for most of the exposure items. Moreover, the majority of
increased odds ratios observed by means of the interview 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 the literature1013"17 and with the

high-risk

occupations

observed m late pregnancy (table 8.2). Nurses, for example, stated that they
were exposed to these four agents and to hexachlorophene/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 elevated odds ratio for the
textile industry. Working with copying machines may explain the higher risk for
clerical workers through exposure to ozone, for instance. Climate factors, such
as heat, draught and lack of fresh air, were mentioned by many mothers in
high-risk occupations. Probably, these factors were associated with infections
that went unnoticed, particularly in occupations which involve permanent
contact with people (e.g. nurses, teachers and cashiers). The latter hypothesis
was confirmed by the increased odds ratio for 'contact with public' in the
British matrix. Otherwise, most of the above-mentioned associations were
missed by the job-exposure matrices.
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As

no relations

were

found

between

mental

retardation

and the

occupational title of the father, the increased odds ratios observed for several
exposures were difficult to interpret. There was almost no agreement between
the interview and either one of the two job-exposure matrices. Non-ionising
radiation seemed to be the most important paternal risk factor, associated with
(para-)medical occupations. Regarding the other occupational exposures of the
father, no conclusions can be drawn.
Without hesitation, we can conclude that the job-exposure matrices used
in the present study did not offer a good alternative for the personal interview.
The latter provided detailed information about the occupational exposure of the
parents, which resulted in a series of increased odds ratios. 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
generate any new hypotheses about high-risk exposures. On the contrary, by
the sole usage 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 infections 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 exposure continued until late pregnancy (months 6-9).
Regarding the applicability
epidemiologic
investigators.

studies
62223

of job-exposure

in general,

we

matrices in reproductive

can fully

agree

with

preceding

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 tend to have low sensitivities for the identification
of occupational risk factors for reproduction and thus a limited applicability.
This is particularly true when job-exposure matrices are used in another
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country and for other purposes than they were originally designed for. So far,
personal occupational histories remain indispensible for thorough etiología
research on reproductive defects.
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CHAPTER 9

EVALUATION OF EXOGENOUS RISK FACTORS FOR
MENTAL RETARDATION: LEADS FOR FUTURE RESEARCH
AND PRIMARY PREVENTION
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INTRODUCTION

The mam objective of the present study was to identify parental occupational
risk factors for mental retardation in offspring, in order to provide leads for
prevention and future research. An extensive literature study formed the basis
for several hypotheses, which were tested in a case-referent study. This study
also generated new hypotheses about potential etiologic factors.
So far, etiologic research has mainly been concerned with the determination of one specific cause for each mentally retarded individual. In chapter 2,
however, it was postulated that the majority of mentally retarded cases have a
multifactorial etiology. Therefore, the attention should be shifted towards the
identification of risk factors for mental retardation in the population.' In the
light of primary prevention, exogenous factors are considered to be important
research topics, in particular for mental retardation with an unknown etiology.
Pre, pen and postnatal infections, malnutrition, maternal alcohol abuse and the
psychosocial environment of the child have already been recognized as major
risk factors for mental retardation. The starting point for the present study was
the possible etiologic role of physical and chemical environmental factors. This
hypothesis is supported by findings from (behavioural) teratologic studies on
humans and experimental animals (described in chapter 3), which indicate that
many agents appear to interfere with the development of the central nervous
system. As many occupations involve daily exposure to relatively high levels of
chemicals and/or radiation, the study focussed on exogenous influences from
the occupational environment of the parents, but life-style factors and the
living environment were also taken into account.

EVALUATION OF THE STUDY METHODOLOGY

A case-referent design was indicated because of the low prevalence of mental
retardation ( ± 3% in school-age children), the wide age range in which it can
be diagnosed (between 0 and 18 years of age), and the explorative character
of the study concerning exogenous factors. This implied that:
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-

prevalent cases with mental retardation and referents with other
congenital handicaps were selected from hospital files;

-

information on exposure was gathered retrospectively by means of a
personal interview with the parents.

Several practical and methodological problems were met during the design,
performance and analysis of the study; these are discussed below.

Eligibility of the study population
With regard to the selection of the study population, the major issues are
comparability of populations and comparability of extraneous effects. 2 The
former requires cases and referents who originate from the same base
population and who have an equal chance of being selected for the study,
whereas the latter requires a similar distribution of risk factors, apart from the
one under investigation.
In the present study, cases and referents were selected from the medical
files of one hospital and two rehabilitation centres, which were assumed to
have the same catchment area for the case and referent disorders. As the
availability of medical services did not differ, the comparability of populations
seemed assured. However, studies based on prevalent cases and referents
may be biased through the selective survival of patients connected with the
investigated exposure. 3 This was not a problem here, because of a low overall
mortality that was not influenced by the occupational exposure of the parents.
In fact, studies based on true incident cases cannot be performed on reproductive defects, as the disorder is already prevalent at or around birth and may
only be recognized at an older age.4
The main concern regarding non-comparability of the study population was
connected with the final selection of the cases and referents, which was
based on the etiology of the handicaps. Bias would have been introduced if the
origin of the referent disorders had been related to the occupation of the
parents. This was certainly not the case for referents with a perinatal etiology.
The selected genetic disorders of the referents did not come to expression in
the parents, or at least, not to the extent that they hindered their occupational
careers. In addition, there is no reason to assume that the 10% non-response
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was differential concerning the parental occupation. It is concluded that
non-comparability of populations did not seriously affect the validity of the
study. This was reflected by the comparability of the case and referent parents
on almost all the background variables and life-style factors, indicating that
they indeed originated from the same base population

Even the socio-

economic status (measured by parental education and living environment) was
similar, although a strong association with mental retardation has often been
observed.6"
Strict selection of the study population was also performed to avoid
nondifferential misclassification on disease status, which might dilute the
possible effects. This was an elaborate task, as the cases had to be excluded
as soon as a cause was suspected, whereas for all the referents, a definite
cause had to be demonstrated. Fortunately, most of the medical files
contained enough information to allow accurate selection on the etiology of
the handicap Therefore, it is unlikely that nondifferential misclassification of
cases and referents occurred to any substantial extent.
Difficulties did arise because of the non-comparability of the cases and
referents on the distribution of several obstetric characteristics Primigravidity,
the proportion of complications during pregnancy and delivery, premature
births, low birth weight infants, hereditary handicaps and chronic diseases
were preponderant among the referent mothers, as the referents were selected
on genetic aspects and severe perinatal complications, whereas the case
mothers

had

experienced

practically

uneventful

pregnancies

Extensive

analyses were needed to decide which of these characteristics were (potential)
confounders in the relation between mental retardation and exogenous factors.
The majority of the variables were not associated with the occupation or the
life-style habits of the parents, apart from complications during pregnancy,
prematurity and primigravidity. The latter proved to be a strong confounder,
because it influenced the mother's opportunity to be employed. The noncomparability of maternal alcohol consumption and some leisure-time activities
could also be reduced by correction for confounding.
In addition to the comparability of the study population and comparability
of extraneous effects, the specific referent group of physically handicapped
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children was primarily chosen to guarantee the comparability of information. 2
It was expected that the quality of the answers of the case and referent
parents in the interview would correspond, because of the comparable
emotional impact of having a handicapped child. If the accuracy of the
information differed between the two groups, information bias would result.7
In the validity study described in chapter 4, it was shown that for the occupational variables, differential recall of information hardly occurred. As a result, it
was concluded that the referent group of children with congenital handicaps
was well suited to avoid information bias through differential misclassification
of exposure.

Applicability of the interview
Due to the lack of valid registration systems, information on exposure had to
be gathered retrospectively. 8 Personal interviews with the parents were
indicated in view of the serious nature of the study subject. Based on the
hypotheses on occupational risk factors for mental retardation, a questionnaire
was designed for these interviews by the principal investigator who had a
background as occupational hygiënist. Experts and manuals on occupational
health were consulted to supplement any missing knowledge.
The aim of the interview was to collect valid information about occupational exposure and other exogenous factors (potential confounders) from both
parents. A complete occupational history was made regarding the occupational
titles, industrial categories and major (group of) exposures. More detailed
information had to be collected m relation to the critical period (3 months
preconception to 6 months after birth). For this purpose, the parents were
asked to describe a 'normal working-day', answer questions about the physical
work environment and complete an industry-specific check-list of chemical
exposures for each occupation held in this period. In addition, detailed
questions were included about life-style habits, living environment and leisuretime activities. Although the psychosocial environment is considered to be a
major etiologic factor for mental retardation during childhood, it was left out of
the questionnaire, as psychosocial factors are not related to the origin of
mental retardation pre and neonatally.
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Test interviews were done to check the accuracy and comprehensibility of
the questionnaire and to make any necessary adjustments. The validity could
not be evaluated a prion, as a gold standard for the information on exposure
did not exist. Information bias cannot be excluded, because the parents and
the interviewers were not blinded towards the case/referent status.7 However,
during the study it was shown that there was no differential misclassification
of occupational exposures (chapter 4).
It is likely that this finding can be generalized to the other variables m the
study, although the long time lag between pregnancy and interview may have
caused recall errors with subsequent underreporting for variables such as
smoking and alcohol consumption. As the time lag was similar for cases and
referents, however, the possible underreporting could only have been nondifferential and biased the results towards the null value.7 This may have
detracted from our ability to detect associations between certain exposures
and mental retardation. A definite judgement on nondifferential misclassification cannot be given, but the internal consistency of the interviews and the
remarkably good agreement between the number and kind of exposures
reported by the parents and those expected in the light of the occupational
title, indicate that nondifferential misclassification was not a major issue m the
present study. These arguments lead to the conclusion that the information on
exposure obtained through the interviews was sufficiently valid for epidemiologic purposes.
Considering the results of the study, the question can be raised as to
whether the interviews could have been confined to finding out the parents'
occupational titles and industrial categories, instead of inquiring about specific
occupational exposures. Indeed, obvious results were already obtained m the
analyses of parental occupation (chapter 6), whereas it was impossible to
determine independent risk factors for mental retardation on the level of
occupational exposures, due to strongly interrelated variables within the highrisk occupations. The impression that the detailed occupational histories only
confirmed the findings for parental occupation without contributing any new
information, is not correct, however. The analyses on exposure did yield some
unexpected potential etiologic factors, such as climate, working with copying
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machines and dust, and certainly gave more insight into the origin of mental
retardation than the occupational title alone. Furthermore, consistency was
shown for agents such as alcohol, which were exposure factors in more than
one occupational group. In general, the clustering of exposures over different
occupations might yield results that cannot be found on an occupational level
because of the small numbers of workers.
Another strategy to be considered for collecting information on exposure
when the occupational title and industrial category are known, is the use of a
job-exposure matrix.9 In chapter 8, the exposures generated by two jobexposure matrices were compared to those reported in the personal interview
with the parents. It was shown that these matrices did not offer a useful
alternative

to

personal

occupational

histories.

Agreement

between the

interview and the matrices concerning exposure was extremely poor and the
high-risk occupations were not reflected in the matrix exposures. The sole
usage of the matrices would have meant that the majority of associations
observed between mental retardation and parental occupational exposure
would have been missed.
In view of the above, it is concluded that limiting the interview to occupational title and industry, with or without the use of a job-exposure matrix,
would have made the present study less informative than it is now with
complete occupational histories. Positive experiences with interviews on
occupational exposure have also been reported previously in reproductive
epidemiologic research in Finland.10
Ethical objections are often raised against interviewing the parents of
(severely) handicapped children for research purposes, as the questions could
stir up emotions and guilty feelings.1112 Bellman already reported that this
concern is unfounded after he had interviewed the parents of children with
neurodevelopmental deficiencies.12 The same observations were made in the
present study. Although some of the interviews were very emotional and
ended in tears, virtually all the parents were grateful that someone was taking
an interest in their child's handicap. This was reflected by the high response
rate and the excellent cooperation of both the mothers and fathers in most
instances. Instead of resenting our probing into their personal tragedies, the
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feeling that they were able to contribute to this kind of research and to the
prevention of congenital disorders in future offspring was a great comfort to
the majority of parents.

EVALUATION OF THE RESULTS

Based on the literature study, hypotheses were formulated about exogenous
risk factors for mental retardation. Maternal exposure to lead, methylmercury
and ionising radiation, maternal alcohol abuse and the consumption of some
medical drugs were already known to cause mental retardation when administered in relatively large quantities. Cadmium, organic solvents, anaesthetics
and pesticides were suspected etiologic factors. It was hypothesized that
occupational exposure of the mother or father to any of these substances m
the preconceptional, prenatal or postnatal period could play a role in the origin
of mental retardation in offspring. These hypotheses were tested in this thesis.
For lead, cadmium and anaesthetics, the results were inconclusive due to the
lack of data, whereas the hypothesis for pesticides could not be confirmed
The increased odds ratios observed for maternal exposure to alcohol, mercury
and radiation are in accordance with the literature.
For alcohol, both the consumption of alcoholic drinks and occupational
exposure of the mother were found to be associated with mental retardation.
In the literature, the adverse effects of alcohol consumption were mainly
ascribed to maternal alcohol abuse, but the present study suggests that 'social
drinking' in quantities of 3-5 glasses once or twice a week, is also a risk factor
for mental retardation If so, it is conceivable that occupational inhalation or
absorption of alcohol (or other organic solvents) through the skin in small
concentrations may be causally related to mental retardation m offspring.
Increased odds ratios were indeed observed for maternal exposure to alcohol,
which was reported particularly by health care workers and hairdressers.
Effects of other organic solvents were not traced, but are considered to be
likely as these are major components of paint and hair cosmetics, for which
strong associations with mental retardation were also observed.
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With regard to mercury, it was impossible to distinguish between exposure
to methylmercury, metallic mercury and other mercury compounds, because of
the small numbers of exposed parents and non-specific interview information
As a great deal of exposure is known to have occurred among health care
workers through thermometer accidents, we can deduce that metallic mercury
was probably the principal exposure factor in this study. So far, clear associations with mental retardation have only been described for the ingestion of
methylmercury, but the high odds ratios observed in this study point in the
direction of a causal relation between mental retardation and maternal occupational exposure to (metallic) mercury.
The problem of small numbers also arose in the analyses of exposure to
radiation, because it could not always be divided into ionising and non-ionising
radiation. The former is a known risk factor for mental retardation, the latter
has never been related to this disorder. In the present study, maternal occupational exposure to radiation in general was strongly associated with mental
retardation, whereas exposure to non-ionising radiation, such as ultrasound,
microwaves and radiofrequencies, appeared to be the sole risk factor among
the fathers. Occupational exposure to radiation was mostly reported by
parents working in (para-)medical environments
Apart from confirming the

hypotheses about alcohol, mercury and

radiation, a series of new hypotheses were generated. On the level of occupational title, no associations were found between mental retardation and the
paternal occupation, but female health care workers (in particular nurses),
educational workers, bookkeepers and cashiers, hairdressers and workers in
the textile and clothing industry, can be considered as women with high-risk
occupations. These occupations had never been related to mental retardation
before, although health care workers, hairdressers and textile workers were
listed among the professions with exposure to large quantities of chemicals
which are potentially hazardous to reproduction.13 These include organic
solvents and heavy metals, in accordance with the exposure to alcohol and
mercury reported by nurses and hairdressers in this study. Among the occupational exposures, working with copying machines and in hot or draughty
environments and exposure to paint and lacquers, haircosmetics and dyes,
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disinfectant soap, antibiotics or dust, are hypothesized as maternal risk factors
for mental retardation in offspring. For the fathers, tentative hypotheses can
be formulated about smoking a pipe or cigars, working in hot environments
and inhaling exhaust fumes, m addition to the already mentioned exposure to
non-ionising radiation. Exposure to exhaust fumes in the general environment
may be another etiologic factor among the mothers.
The interpretation of the above-mentioned results and hypotheses needs
careful consideration. Because of the explorative character of the study, the
odds ratios for the occupational variables were calculated with 90% confidence intervals to make sure that no possibly important associations were
overlooked. Moreover, no adjustments were made for multiple comparisons.14
This means that there is some probability that a few of the increased odds
ratios do not reflect true associations, but are merely due to chance. On the
other hand, there may be risk factors for mental retardation that have not been
detected due to chance, a small number of parents with specific exposures, or
the obscuring effects of misclassification, confounding and interaction. The
latter were not considered to be a major problem in the present study, but the
small power for certain exposures was.
The mam reason for caution is the strong correlation between high-risk
exposures and occupations, which impedes the determination of independent
etiologic factors for mental retardation. By means of factor analyses, several
clusters of exposure could be distinguished, related to the high-risk maternal
occupations. Within a cluster, any or all of the exposures could be true risk
factors for mental retardation, or a combination of various agents and chemical
components. Nurses, for example, stated that they were exposed to hot
environments, radiation, mercury, alcohol and other solvents, disinfectants and
antibiotics, which can all be found among the occupational risk factors for
mental retardation.
Apart from alcohol, hair cosmetics and dyes seem to be the mam exposure
for hairdressers, but these substances are compilations of many different
agents including heavy metals, solvents and pigments. Moreover, the handling
of scissors could lead to the absorption of nickel. Pigments may be causal
agents in paint and textile dust, which could explain the elevated odds ratio for
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the textile and clothing industry. It is also conceivable that the observed effect
for paint was caused by the component solvents.
Clerical workers were exposed to correction fluid, copying machines,
computers, climate factors and noise; the copying machines seem to be the
mam etiologic factor, with ammonia as a chemical component in the oldfashioned machines and ozone in the modern ones. For the clerical subgroup
of bookkeepers and cashiers as well as for educational workers, no direct
explanations were available for the association with mental retardation.
However, tentative hypotheses point towards the frequent handling of money
(containing nickel and other heavy metals) and towards paint or coloured chalk
dust, respectively.
Climate factors, such as heat, draught and a lack of fresh air, were
mentioned by many mothers in high-risk occupations, but a direct influence on
the development of the fetal central nervous system seems unlikely. It is
possible, however, that climatológica! circumstances were associated with
infections which went unnoticed, particularly in occupations that involve
permanent contact with people, for example nurses, teachers and cashiers.
The latter finding was confirmed m the analysis of information from the
job-exposure matrices.
For the fathers, three major clusters of exposure could be formed which
were labelled as industrial, agricultural and (para-)medical exposure, but no
high-risk occupations were observed
The time of exposure determines the extent of the effects.15 Therefore, the
pregnancy period was subdivided into five time intervals based on the stages
of development: the preconceptional period (3 months), early pregnancy
(months 1-2), mid-pregnancy (months 3-5) and late pregnancy (months 6-9)
and the postnatal period (6 months)

Information on occupational and other

exogenous exposures was gathered and analysed for the five time intervals
separately, in order to determine the critical exposure period (s). The life-time
exposure prior to the pregnancy under study was also investigated, but no
associations with mental retardation were observed for either the mother or
the father.
With regard to the paternal exposure, it was impossible to determine
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high-risk periods as very few fathers changed their occupational activities or
life-style habits over the pregnancy period. Preconceptional influences on
spermatogenesis were expected, but effects in the other time intervals cannot
be ruled out. For instance, the risk for smoking a pipe or cigars may be
causally related to mental retardation in the preconceptional period, but it may
also reflect passive smoking of the mother during pregnancy or of the child
postnatally. It is most likely that non-ionising radiation is a preconceptional
etiologic factor.
Among the mothers, the exposures and accordingly the risk estimates
differed over the time intervals. In the preconceptional and early pregnancy
periods, the number of occupationally employed mothers was generally higher
than later in pregnancy. The prevalence of occupational exposure gradually
decreased during pregnancy and reached a minimum in the postnatal period,
whereas smoking and alcohol consumption, for instance, did increase again
after birth. Elevated risks for maternal alcohol consumption were observed in
the total pregnancy period, with the exception of the first two months For the
occupational variables, the most pronounced differences between case and
referent mothers were seen in late pregnancy (months 6-9)

In this time

interval, the odds ratios for almost all of the above-mentioned etiologic factors
were significantly increased. In the preceding periods, the risks were only
slightly elevated, except for nurses, cashiers and hairdressers and for exposure
to radiation, mercury, hair cosmetics and dyes. These results match the
general concept that teratogenic exposure early in pregnancy causes gross
structural damage, whereas the same exposure from three months of pregnancy onwards may lead to minor structural and functional disturbances, such
as mental retardation. It must be noted, however, that mothers who held a
particular occupation in late pregnancy usually did so m the preceding time
intervals too. This practically always meant exposure during the entire
pregnancy and prior to conception, instead of only in late pregnancy As the
development of the brain is not complete at birth, even postnatal exposure
(through breast feeding) may be a risk factor. Therefore, it is impossible to
determine the exact time interval in which exogenous exposures exert their
mam influences, but the late pregnancy period certainly needs attention
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The high internal validity of the present study is a firm basis for conclusions about exogenous risk factors for mental retardation. Neither the
selection of the study population, nor the method of data collection can
explain the associations observed. The resemblance of the distribution of background variables and life-style factors to the general population even justifies
generalization of the results to other populations. However, the explorative
character of the study and the strong correlations among the high-risk occupations and exposures only allow provisional conclusions.
For the fathers, no high-risk occupations were found, although non-ionising
radiation may be an etiologic factor. Pregnant mothers working as a nurse,
teacher, bookkeeper or cashier, hairdresser or textile worker, are at risk for
having a mentally retarded child, particularly when they continue working in
late pregnancy. The study supports the hypotheses that maternal occupational
exposure to (non-)ionising radiation, heavy metals (mercury and possibly
nickel) and organic solvents (in particular alcohol) during pregnancy increases
the risk for mental retardation in offspring. Alcohol consumption in small
quantities and substances such as hair cosmetics and dyes, paint and laquers,
pigments, disinfectants and medical drugs, as well as infections and working
with copying machines, may be labelled as potential maternal risk factors for
mental retardation.

LEADS FOR FUTURE RESEARCH AND PRIMARY PREVENTION

Future research on mental retardation
The results of this explorative study provide several leads for future research
on exogenous risk factors for mental retardation. Hypotheses were generated
about high-risk occupations, potential high-risk exposures and the critical
exposure period. Confirmation or refutation of these hypotheses in more
specific research projects is needed. First of all, the effects of the suspected
exogenous exposures on the development of the central nervous system may
be tested in experimental animals. Behavioural teratologic studies should focus
on functional disturbances m learning and behaviour, whereas minor defects in
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brain architecture, probably

connected

with

mental retardation, can be

detected m morphologic studies on the animal brain. A second line of research
is formed by epidemiologic studies. To test the suggested hypotheses, studies
may be conducted that start from high-risk occupations and elaborate on
specific exposures and exposure periods, if possible.
A historical cohort study provides the most efficient design for this kind of
research. Through company health records or insurance agencies, a specific
group of women in high-risk occupations could be traced who have been
pregnant 5 to 10 years ago. The children resulting from these pregnancies
should be tested on IQ and behavioural parameters. The average IQ and the
proportion of mentally retarded children can then be compared to a referent
group of children from mothers in low-risk occupations. A detailed occupational history may reveal the occupational risk factors for mental retardation
within a specific occupation. By comparing mothers who stopped working
before and after the sixth month of pregnancy, more insight may be gamed
into the assumption that late pregnancy is the critical exposure period.

Primary prevention of mental retardation
Up to now, preventive action is primarily centred around genetic counseling,
ante and neonatal screening and improvements in pre, pen and postnatal care
These measures might bring about a reduction of 10 to 15% m the overall
prevalence of mental retardation, but may be outweighted by a higher survival
rate of children who are vulnerable to central nervous system disorders. It is
assumed that a considerable proportion of the mentally retarded children can
be prevented by a more active preventive approach," in the sense of primary
prevention based on the identification of risk factors for mental retardation.
As the effects of endogenous factors m general are difficult to prevent,
primary prevention should focus on exogenous risk factors, such as the
occupational exposures and life-style habits identified in the present study
In general, the possibilities for the prevention of severe mental retardation are
thought to be marginal, whereas the prevalence of mild mental retardation
could simply be reduced by improving the physical and psychosocial environments. In the present study, however, 46.6% of the cases were severely
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retarded, while associations were still found with the risk factors investigated.
So both severe and mild mental retardation in these children may have been
caused by exogenous exposures.
Without hesitation, prevention is recommended regarding maternal alcohol
consumption. Nowadays, many women give up drinking alcoholic beverages
when they (want to) become pregnant, because of the increased risks
assumed for other reproductive disturbances, such as spontaneous abortion
and growth retardation, and the well-known adverse effects of maternal
alcohol abuse. So far, the first trimester of pregnancy is considered to be the
mam risk period and usually no harm is seen in 'social drinking' later in
pregnancy. However, the present study indicates that social drinking, in
quantities of 3-5 alcoholic drinks once or twice a week, is a risk factor for
mental retardation in all the pregnancy periods. Therefore, preventive action
should be aimed at total abstinence from maternal alcohol consumption during
pregnancy and breast feeding.
The formulation of recommendations for the primary prevention of mental
retardation in occupational settings is less straightforward. For one thing, the
explorative character of the study precludes a definite assessment of risk
factors. For another, prevention in the occupational environment usually
involves more than a personal choice for avoidance of exposure. The most farreaching preventive measures could be induced by the authorities, if they were
to take the development of the unborn child into account in the assessment of
exposure limits.17 This would result in a reduction of exposure to risk factors
for mental retardation among all workers Excluding women from occupations
with high-risk exposures is an undesirable policy.
As the present study permits only provisional conclusions about high-risk
occupations and exposures, public or industrial measures for the prevention of
mental retardation are not yet indicated. For the time being, occupational
physicians, occupational health committees and the workers themselves must
be on the alert for potential etiologic factors for mental retardation in their
work environment. Pregnant women who work in one of the high-risk occupations as a nurse, teacher, bookkeeper or cashier, hairdresser or textile worker,
particularly in the last four months of pregnancy, should take extra care when
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handling products that contain mercury, alcohol and other organic solvents,
hair cosmetics and dyes, paint and pigments, disinfectants or antibiotics.
Moreover, they should try to avoid exposure to radiation, (textile) dust and
infectious agents, as well as working frequently with copying machines. This
can be achieved by using personal protective equipment or by alterations in
the work environment or the daily activities at work. If this is not possible,
pregnant women in high-risk occupations could apply for a temporary transfer
to a low-risk occupation or work environment, or consider to stop working for
the duration of the late pregnancy period. Although the necessity and
effectiveness of the above regarding the prevention of mental retardation are
yet to be studied, these measures may reduce the risk of having a mentally
retarded child.
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SAMENVATTING

MENTALE RETARDATIE EN HET BEROEP VAN DE OUDERS:
EEN EXPLORATIEF EPIDEMIOLOGISCH ONDERZOEK

Mentale retardatie is een belangrijke ontwikkelingsstoornis van het centraal
zenuwstelsel, die in het algemeen gekenmerkt wordt door een I Q < 7 0 en
sociale incompetentie, maar in Nederland worden kinderen met een I Q < 8 0 al
mentaal geretardeerd genoemd. Omdat de oorzaak Onbekend' blijft in meer
dan de helft van de gevallen, wordt er verondersteld dat exogene faktoren,
zoals blootstelling m het beroep van de ouders, een rol kunnen spelen bij het
ontstaan van mentale retardatie bij het nageslacht.
Een uitgebreide literatuurstudie vormde de basis voor een patiënt-controle
onderzoek, dat werd opgezet om de bovenstaande hypothese te bestuderen.
Publikaties over studies naar het voorkomen en de etiologie van mentale
retardatie uitgevoerd sinds 1960, werden kritisch beoordeeld ten aanzien van
hun methodologie en de validiteit van de resultaten. Ondanks de grote variatie
in prevalentiecijfers, was het mogelijk om een gemiddeld 'werkelijk' prevalentiecijfer te berekenen voor ernstige mentale retardatie (SMR, IQ<50) van
3.7 per 1000 voor kinderen in de leerplichtige leeftijd. De gemiddelde waarde
van 26 per 1000, die berekend werd voor milde mentale retardatie (MMR,
IQ 50-70), is slechts mdikatief voor de 'werkelijke' prevalentie

Deze cijfers

komen overeen met het WHO prevalentiecijfer van 3% voor kinderen in de
leerplichtige leeftijd in geïndustrialiseerde landen Voor de ontwikkelingslanden
zijn de gerapporteerde cijfers m het algemeen hoger.
De oorzaken van mentale retardatie lopen uiteen van genetische tot
prenatale, perinatale en postnatale faktoren. Bij de ernstig mentaal geretardeerden zijn vooral genetische faktoren ( ± 41%) van belang, terwijl voor meer
dan de helft van de mild mentaal geretardeerden de oorzaak van de retardatie
niet vastgesteld kan worden. Naast invloeden vanuit de psychosociale
omgeving moeten exposities vanuit de werk- en woonomgeving van de ouders
gezien worden als risikofaktoren voor mentale retardatie met een onbekende
oorzaak. Verschillende chemische stoffen evenals straling zijn in staat de
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ontwikkeling van het centraal zenuwstelsel te verstoren en ofwel grove
strukturele misvormingen, ofwel minieme defecten in de architectuur van de
hersenen of funktionele stoornissen te veroorzaken. Sterke associaties met
mentale retardatie zijn beschreven voor alcoholmisbruik door de moeder en
voor maternale blootstelling aan ioniserende straling, methylkwik en lood.
Cadmium, organische oplosmiddelen, anaesthetica en bestrijdingsmiddelen
worden verondersteld eveneens risikofaktoren te zijn voor mentale retardatie.
Of beroepsmatige blootstelling van de ouders aan de bovengenoemde of
andere agentia mentale retardatie kan veroorzaken bij het nageslacht, werd
onderzocht in deze epidemiologische studie.
Er werd een patiënt-controle onderzoek opgezet met 340 mentaal geretardeerde kinderen met een onbekende etiologie (patiënten) en 362 lichamelijk
gehandicapte kinderen, waarvoor de oorzaak bekend was en niet gerelateerd
aan het beroep van de ouders (controles). Deze kinderen werden geselekteerd
uit medische dossiers van 1979 tot en met 1987. De ouders werden uitgenodigd om mee te werken aan een interview over hun beroepsmatige aktiviteiten in de periode rond de zwangerschap, die zich uitstrekte van 3 maanden
voor de conceptie tot 6 maanden na de geboorte. De respons bedroeg 89.5%,
zodat de gegevens van 306 patiënten en 322 controles betrokken konden
worden in de analyses. Een validiteitsstudie toonde aan, dat vertekening van
informatie door differentiële misclassificatie van beroepsmatige blootstelling
verwaarloosbaar was; dit ondersteunde de keuze van de controlegroep gelet
op de vergelijkbaarheid van informatie. Bovendien waren de twee groepen
vergelijkbaar wat betreft achtergrondvariabelen zoals leeftijd en opleiding van
de ouders, en voor de meeste leefgewoonten en vrije tijdsbestedingen, waarin
ze overeenkwamen met de algemene bevolking.
Alcoholconsumptie door de moeder bleek een risikofaktor te zijn voor
mentale retardatie (OR = 1 . 6 ) , vooral bij moeders die tijdens de zwangerschap
een of twee keer per week 3-5 glazen alcoholhoudende drank consumeerden.
Als gevolg van de selektie van de controles bestonden er verschillen tussen
patiënten en controles voor een aantal obstetrische variabelen, maar hiervoor
werd gecorrigeerd in de analyses, net zoals voor alcoholconsumptie door de
moeder en een aantal vrije tijdsbestedingen. Er werd gekonkludeerd, dat de
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validiteit van de studie met ernstig beïnvloed werd door de verstorende
variabelen of door seiektie- of informatievertekening.
De variabelen met betrekking tot het beroep van de ouders werden apart
geanalyseerd voor vijf tijdsintervallen in de periode rond de zwangerschap.
Het beroep van de vader was met geassocieerd met metale retardatie, maar
verhoogde nsiko's werden wel waargenomen voor het werken in een warme
omgeving

(OR =1.3)

en voor

blootstelling

aan

met-ioniserende

straling

(ORuftrwll«i = 4.9 / ORMW/W: = 2.5) of uitlaatgassen (OR = 1.3). Een specifieke
periode met een verhoogd nsiko kon met worden vastgesteld.
Voor de moeders werden de meest uitgesproken resultaten gezien in de
laatste fase van de zwangerschap (maand 6-9), hetgeen overeenstemt met de
hypothese dat blootstelling van het centraal zenuwstelsel m de laat foetale
periode leidt tot minieme strukturele afwijkingen en funktionele stoornissen
zoals mentale retardatie. Zwangere vrouwen die werkten als verpleegster of
verzorgster (OR = 4.2), kapster (OR = 2.7), boekhoudster of cassière (OR = 5 7)
en in het onderwijs (OR = 2.6) of de textielindustrie (OR = 2.7) bleken een
verhoogd nstko te lopen op het krijgen van een mentaal geretardeerd kind. Ten
aanzien van de beroepsmatige blootstelling van de moeder bevestigde de
studie de hypothese, dat (niet)-ioniserende straling (OR = 9.3), zware metalen
(ORkwlll = 8.7) en organische oplosmiddelen (ОН ЫеЫ<ОІ =1.9) het nsiko op mentale
retardatie verhogen. Nieuwe hypothesen werden geformuleerd voor het
werken met copieermachmes (OR = 3.0) en in een warme of tochtige omgeving
(OR =1.7) en voor expositie aan verf (OR = 2.7), haarcosmetica en haarverf
(OR = 3.7), desinfecterende zeep (OR = 3.1), antibiotica (OR = 2.9) en stof
(OR = 2.2). Evaluatie van de effekten van beroepsmatige blootstelling met
behulp van beroepen-blootstellingsmatnces leverde voor de moeder een
verhoogde odds ratio op voor 'contact met mensen' (OR =1.7), hetgeen zou
kunnen wijzen op infekties, die onopgemerkt verlopen zijn. In het algemeen
bleek de sensitiviteit van de beroepen-blootstellingsmatnces voor het ont
dekken van exposities met een verhoogd nsiko, in vergelijking met het
interview, laag te zijn.
De

bovenstaande

beroepsmatige

blootstellingen

kunnen

beschouwd

worden als potentiële maternale risikofaktoren voor mentale retardatie, maar
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voorzichtigheid is geboden bij de interpretatie, vanwege het exploratieve
karakter van de studie en de sterke samenhang tussen blootstellingen en
beroepen met een verhoogd risiko. In toekomstig onderzoek in de richting van
dierexperimentele studies en historisch cohort onderzoek, moeten de gevonden
associaties diepgaander worden bestudeerd om een solide basis te verschaffen
voor de primaire preventie van mentale retardatie. Vooralsnog wordt er
geadviseerd dat zwangere vrouwen zich onthouden van de consumptie van
alcoholhoudende dranken en proberen de blootstelling aan potentiële risikofaktoren in de beroepen met een verhoogd risiko te reduceren. Dit laatste kan
bereikt worden door het gebruik van persoonlijke beschermingsmiddelen of
door veranderingen in de werkomgeving of de arbeidstaken, met name in de
laatste vier maanden van de zwangerschap.
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STELLINGEN
behorende bij het proefschrift
'Mental retardation and parental occupation:
an explorative epidemiologic study'

1
Epidemiologisch onderzoek naar de oorzaken van ziekten leidt niet tot het
beantwoorden van vragen naar de oorzaken van zieken, maar dient vooral uit
oogpunt van preventie gestimuleerd te worden.
Inaar: G Rose, Int J Epidemiol 1985;14:32-8)

2
Over informatiebias door differentiële misclassificatie van expositie in casereferent studies wordt meer geschreven dan de frequentie, waarin deze vorm
van bias werkelijk optreedt, rechtvaardigt.

3
Hoewel het bestudeerde tijdsinterval
ontwikkelingsstoornissen

kort

bij epidemiologisch

is, is het toepassen

onderzoek

van 'exposure

naar
time-

wmdows' uitermate effectief.

4
De belangrijke rol die toegekend wordt aan het sociaal-economisch milieu in de
etiologie van milde mentale retardatie, belemmert het tot stand komen van
onderzoek naar andere exogene risikofaktoren waarvoor meer mogelijkheden
tot primaire preventie bestaan.

5
Ter bescherming van het recht van werknemers om zich veilig voort te planten
zijn blootstellmgsnormen en aanpassingen van de werkomgeving vereist die de
kwaliteit van sperma, eicel, embryo en foetus waarborgen.
(naar: Editorial, Lancet 1990:336 1289-901

6
De waarnemingen die hebben geleid tot de veronderstelling van een relatie
tussen

spina

bifida

aperta

en

voedingsfaktoren,

ondersteunen

ook

de

hypothese dat beroepsexpositie een risikofaktor voor spina bifida is.
7
De toename van het aantal verzoeken tot passieve of aktieve euthanasie is een
logisch gevolg van de vooruitgang van de medische wetenschap.
(naar: PJ van der Maas et al. Lancet 1991,338 669-74)
8
Strikte confirmatie aan medisch-ethische normen kan bij epidemiologisch
onderzoek met alleen negatieve gevolgen hebben voor de uitvoering van het
onderzoek maar ook voor de direkt betrokkenen.

9
Het lijkt erop dat binnen de epidemiologie meer fouten gemaakt worden dan ·η
andere disciplines, doordat epidemiologen geneigd zijn om alle

eventueel

mogelijke fouten in hun studie te bediscussiëren.

10
'Rugby is associated with a higher risk of injury than noncontact sports, but it
does not deserve its reputation as a brutal game.'
(JO Tomasm et al. Physician and Sportsmedicme 1989,17 114-26)

11
'True ease in writing comes from art, not chance,
as those move easiest who have learned to dance '
(Alexander Pope, Essays on Criticism, 1711)

Nijmegen, 27 januari 1992
Nel Roeleveld

