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SHAW GM, GOLD EB. Methodological considerations in the study of parental occupational exposures
and congenital malformations in offspring. Scand J Work Environ Health 14 (1988) 344—355. The exis-
tence of hazardous substances in the workplace has raised concerns about the potential of these substances
for adverse reproductive effects. Identification of associations between parental occupational exposures
and congenital malformations in the offspring may provide the opportunity for preventing such exposures
and thus reduce the risk of malformations. However, there are many methodological considerations in-
herent in studying the potential relation between parental occupational exposures and congenital malfor-
mations in the offspring. Considerations relating to outcome include methods and timing of ascertaining
cases with malformations, diagnostic criteria, and problems in grouping malformations for purposes of
analysis. With regard to measuring exposures, issues include methods for obtaining valid estimates of
the nature, duration, timing of exposure, and exposure-response relationship. Other methodological is-
sues discussed include selection of appropriate reference groups, sample size, and multiple hypothesis testing.
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In North America congenital malformations account
for about 20 % of infant mortality (9). They are the
second leading cause of death among children aged one
to four years and the third leading cause among chil-
dren aged 15 to 19 years. Most congenital malforma-
tions are believed to be due to the interaction of both
environmental and genetic influences. Currently, ap-
proximately 20 % of human malformations can be
ascribed to genetic transmission, 5 % to chromosome
aberrations, and approximately 10 % to all known en-
vironmental factors, leaving approximately 65—70 %
of all malformations with no known or suspected cause
(87).

Several reviews of the literature have provided
detailed accounts of the few suspected risk factors for
malformations and have reviewed some of the issues
specific to the epidemiology of congenital malforma-
tions (39, 42, 44). Our objective in this review was
to address the many methodological considerations in-
herent in studies of the potential relation between
parental occupational exposure and congenital malfor-
mations among offspring. The justification for study-
ing a possible relation between a parent’s exposure at
work and subsequent development of a congenital mal-
formation in his or her child is based on the notion
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that exposures to potential hazards may affect paren-
tal germ cells before conception or may affect em-
bryonic somatic cells after conception; either action
may induce cell death or dysfunction leading to mal-
formations in the offspring (31). The importance of
epidemiologic studies of relevant occupational ex-
posures lies in the potential for preventing congenital
malformations if risks associated with such exposures
are identified and exposures are reduced or eliminated.

Considerations related to congenital
malformations

Biological considerations

The teratogenic effect of a specific occupational ex-
posure is unlikely to result in a general increase in all
types of malformations although it may increase the
risk of more than one malformation, particularly if
the exposure occurs during a specific time of gestation
when more than one organ system is developing. In
table 1 several examples are given of investigations
which involved all malformations grouped together
rather than specific malformations as the end point of
interest (5, 6, 62). A generic problem for studies of
malformations is whether to group malformations.
From a biological perspective, it is important not to
group congenital malformations into a single outcome
but rather to consider them as heterogeneous outcomes
which may have distinct etiologies. The choice of a
specific malformation or group of malformations for
study should be based upon embryologic information
about which organs and tissues are developing at the
time of exposure. In addition, decisions about which



Table 1. Selected studies of parental occupational exposures and congenital malformations. (BDMP = birth defect monitoring
program, CLP =cleft lip and palate, CNS = central nervous system, Gl = gastrointestinal, MACDP = Metropolitan Atlanta Con-
genital Defect Program, MS =musculoskeletal, NAAA =National Agricultural Aviation Association, OR=odds ratio,
PVC = polyvinyl chloride, RR =relative risk, VDT =video display terminal)

Length of
Source of . Maternal/ 2
Reference Subjects Study occupational Timing of paternal ascertain- _ Results
period information expostire exposure ment of mal
formations
Laboratory chemicals
Holmberg (34)  Cases: CNS defects, Finnish  1976—1977 Interview First Maternal ~ First year ~ Matched OR=13/2 for
and Holmberg & Register (N =120) with trimester postnatal organic solvents
Hernberg (35) Referents: preceding delivery mothers (P<0.01);
in same maternal welfare OR =1.4 for parental
district (N = 120} manufacture jobs and
Second paper added oral Any time CNS; OR=1.3 for
clefts to the cases and their during community service
referents (N =102 pairs) pregnancy and clefts
Hansson et al Exposed: Swedish chemical Not Postal Not stated Maternal At birth 6/103 exposed vs 2/297
27) laboratory workers’ infants stated questionnaire unexposed had major
(N=103) malformations (RR = 8.6)
Unexposed: other pharma-
ceutical employees’ infants
(N =297)
Ericson & Cases: esophageal, anal or  1976—1978 Physician or During Maternal  Neonatal OR =3 for parentail
Kallen (23) small bowel atresia (N =201) social worker pregnancy period laboratory work 4.3 % of
Referents: from Swedish birth interviewed cases, 1.9 % expected,
register, no Gl atresia, two per parent of 1.4 % of referents
case, matched on maternal cases & mal- (P<0.01);
age, parity, month of deliv- formation matched triplets OR=6
ery, completed triplets = 142 referents;
postal ques-
tionnaire to
normals
Leffingwell Exposed: female laboratory = 1968—1977 Company At concep- Maternal  Not Excess of malformations
et al (49) ylorkers of reprqductive age records tion and/or stated (N =86) among laboratory
in a pharmaceutical during preg- workers in 1970s, particu-
company (N = 164) nancy larly for laboratory work
Unexposed: female clerical/ at time of conception;
administrative workers in none in administrative
the same company (N =318) workers
Olsen (60) Cases: CNS malformations  1972—1976 Birth At birth Maternal/  Not OR=1.9 for CNS malfor-
or malformations of the gut, certificate paternal stated mations and unskilled
extremities and CLP — father; OR=2.8 for CNS
Funen County, Denmark malformations and pater-
(N=619) nal organic solvent ex-
posure (35 % C1 0.8—9.4);
OR =4.9 for CNS malfor-
mations and painter
father; no association of
paternal or maternal
laboratory assistant and
anomalies of gut or ex-
tremities or clefts
Axelsson et al Exposed: women exposed 1968—1979 Postal First Maternal  Neonatal 3.7 % malformations
2) to solvents in laboratory — question- trimester period among exposed; 4.2 %
University of Goteborg naire and re- among unexposed
(N =492 pregnancies) mainder of
Unexposed: women not ex- pregnancy
posed to solvents in labora-
tory work (N =496 pregnan-
cies)
Ericson et al Cases: serious malformations 1975 Census data During Maternal  Neonatal No difference in working
(22 in children of Swedish and postal pregnancy period in laboratory during preg-
laboratory workers (N =24} questionnaire nancy; increase in maifor-
Referents: two per case, mations over expected
stratified on age and parity, from population
laboratory workers (N =48)
Kurppa et al Cases: CNS, heart, skeletal, Not Interview First Maternal  First year Maternal exposure to or-
(47) oral cleft malformations in  stated and . trimester of life ganic solvents about
Finnish Register (N =1047) industrial twice as high for CNS
Referents: preceding deliv- hygienist and three times higher
ery in same district for oral clefts than for
referents
Holmberg & Cases: CNS defects (primar- 1976—1978 Interview First Maternal/  First year OR =5.5 for maternal ex-
Nurminen (36) ily anencephaly) in Finnish trimester paternal of life posure to organic solvents

Register (N =120)
Referents: preceding delivery
in same district (N =120)

in first trimester (P <0.025);
OR =34 for dust ex-
posure (P<0.01); dust and
solvents multiplicative;
no difference for metals,
pesticides, dyes, noise,
temperature, radiation, or
safety equipment use

(continued)
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Table 1. Continued.

Length of
Source of —_— Maternal/ g
Reference Subjects 22:3)% occupational lgg;%g paternal ?nsgftnoaf";m_ Results
information eXposure ¢ otions
Apnesthetics
Knill-Jones Exposed: married femate 1970 Postal First and Maternal  Not Malformation frequency of
et al (45) anesthetists in United King- question- second stated offspring of anesthestists
dom (N =563) naire trimester working during first six
Unexposed: married female months of pregnancy 6.7 %
physicians (nonanesthetists) compared to 2.5 % for
from medical register in anesthestists not working
United Kingdom (N =828)
Corbett et al Exposed: practicing Michigan Not Postal During Maternal  Chiidhood 16.4 % birth defects
(16} nurse anesthetists (N =434) stated question- pregnancy among exposed and
Unexposed: nonpracticing naire 5.7 % among unexposed
nurse anesthetists and (P<0.005); largest differ-
nonahesthetists (N =261) ences in skin (especially
hemangiomas) and MS
defects (especially ingui-
nal hernia)
Pharoah et al Exposed: Medical Register 1950—1975 Postal At Maternal  Childhood Malformations of heart
(65) women who practiced question- conception and greater vessels in off-
anesthesia during preg- naire spring of anesthetists
nancy in England and (13.8/1000 vs 3.6/1000,
Wales (N =670 pregnancies} P<0.05
Unexposed: pregnancy con-
ceived during other practice
(N =6377)
Ericson & Exposed: Swedish women 1973 & Records During Maternal  Not No significant difference
Kallen (23) working in operating room 1975 pregnancy stated in malformations (4.5 %
(N =494 infants) vs 5.2 %)
Unexposed: women working
in medical work (N=19 127
infants)
Cohen et al Exposed: American dentists 1968—1977 Postal One year Maternal/ Up to 10 5.4 % malformations
(14) and dental assistants who question- prior to paternal years of among female dental as-
used inhalant anesthetics naire conception age sistant users vs 3.6 % in
(N =3724) trimester nonusers (P =0.02, espe-
Unexposed: dentists and cially MS for using ni-
dental assistants not using trous oxide); no dose-
inhalant anesthetics response; no difference
(N =8893) in offspring of male den-
tists
Agricultural chemicals
Schwartz et al  All births in California 1975—1978 Mothers’ During Maternal/  Not RR =2.3 for limb reduc-
72) agricultural area (N =2 463 & infants’ pregnancy paternal stated tion defects (5.07/1000 in
singleton births) records agricultural vs 2.22/1000
Exposed: parents with in other jobs, total limb
agricultural jobs (N =990) defects = 8);
Unexposed: parents in no other differences
nonagricultural jobs
(N = 1365)
Smith et al (77) Exposed: New Zealand 1969—1979 Postal One year Paternal Not 2 % malformations
and Smith chemicat applicators in question- prior to stated among exposed; 1.6 %
et al (78) agricultural chemical board naire conception among unexposed
(N =459) and during
Unexposed: agricultural pregnancy
contractors (N =422)
Roan et al (67) Exposed: offspring of Not Postal Not Paternal  Childhood 5.9 % maiformations
American NAAA members stated question- stated among exposed; 6.4 %
(N =588 live births) naire among unexposed
Unexposed: offspring of
sibling of NAAA member
(N =350 live births)
Townsend Exposed: at least one 1939—1975 Company Any time Paternat One year No difference in malfor-
et al (85) month in chlorophenol records and  prior to after mations among dioxin or
process in Michigan plant question- conception birth TCDD exposed
(N =837 live births) naire
Unexposed: employees at
least one month not in
potential exposed area,
matched by date of hire
(N =1785 live births)
Erickson et al  Cases: serious structural 1968—1980 Interviews Prior to Paternal ~ One year Suggestion of dose-
21 malformations in MACDP conception after response for Agent
(N =4929) birth Orange exposed persons

Referents: liveborn from
vital records (N = 3029)

and spina bifida and cleft
lip with or without palate;
excess of second affected
child in Agent Orange
group; no excess risk
overall for Agent Orange;
no excess risk for
Vietnam veterans
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Table 1. Continued.

Length of
Source of — Maternal/ ascertain-
Reference Subjects ﬁ;‘:%"j _occupati_onal ::Eg;%g paternal ment ofmalks Results
information exposure ¢ oo tions
Industrial chemicals
Nordstrom Exposed: worker in Swedish 1955—1976 Question- During Maternal  Not 58 % malformatlgns? in
et al (59) smeltery during pregnancy naires and pregnancy stated exposed and 2.2 % in
Unexposed: no work in personnel unexposed (P<0.005);
smeltery during pregnancy records increase over time
(N =not stated)
Blomqvist et al Exposed: pregnancy in 1973—1977 Postal During Maternal  One week Twofold excess of maifor-
(7) women working in Swedish question- pregnancy of life mations in offspring of
pulp and paper industry naires to women working in labora-
(N =890) industry tories or in the refining of
Compared to total popula- paper
tion expected prevalence
Edmonds et al Cases: verified CNS defects 1970—1974 Telephone Five years Maternal/ At birth No difference in paternal
(18) in Ohio BDMP or vital interview prior to con-  paternal employment in PVC piant
statistics (N =41) ception and or in distance from piant
Referents: live born from during at conception; no differ-
birth certificate matched on pregnancy ence i_n maternal employ-
birth month, race, paternal ment in PVC plant
education and maternal age
(N =41)
Axelson et al Exposed: women working in  1958—1980 Interview Not Maternal  Not RR =1.0 for exposed vs
(1) Swedish tirebuilding during stated stated unexposed malformation
pregnancy (N =21 pregnan- groups; four times more
cies) abortions and malforma-
Unexposed: women not tions combined in ex-
working in tirebuilding dur- posed group
ing pregnancy (N =63 preg-
nancies)
Lindbohm et al Cases: ail malformations, 1973—1977 Registry and  First Maternal  One year No increased risk for mal-
(50) Finnish Register (N =48) union trimester formation in any employ-
Referents: two normal records ment category of rubber
births per case, matched on and leather workers
delivery date and chapter
Exposed: joined union no
later than two and a half
months after conception or
did not resign before sixth
week of pregnancy
Unexposed: union members
in factory not meeting ex-
posure criteria
Miscellaneous
Kallen et al Exposed: Swedish female 1973—1978 Records and At birth Maternal  Birth More frequent use of
(41) physiotherapists (N =2018 postal and during shortwaves and ultra-
pregnancies) question- pregnancy sound among cases
Unexposed: all others in naire (P =0.03 and P<0.10,
birth register; nested case- respectively); no pattern
referent of malformations or of malformations
death (N =36)
Referents matched on
maternal age, parity, birth
date, (N=74)
Logue et al Nested study of American Not Postal Any time Paternal  Not No difference between
(52) male physiotherapists stated question- prior to con- stated cases and referents for
Cases: all malformations naire ception and preconceptional exposure
(N=169) three months to nonionizing radiation
Referents: matched on year prior to con-
of birth and maternal age ception
(N =338)
Kurppa et al Cases: all malformations in  1976—1982 Interview First Maternal  One year No increased risk for VDT
(48) Finland (N =1475) trimester exposure; 51 case vs 60
Referents: mother immedi- reference mothers exposed
ately preceding case, (OR=0.9,
matched on time and area 95 % C1=0.6—1.2)
of birth (N =1475)
McDonald et al Exposed: current and previ- 1982—1984 Interview When women Maternal At birth for  Malformation in 3.3 % of
(55) ous pregnancies in Mon- became current offspring of VDT users;
treal in which women used aware of pregnan- 3.7 % in nonusers for
a VDT (N =3257 and 1303, pregnancy cies; not current pregnancies;
respectively) stated for 3.8 % vs 3.6 % for previ-
Unexposed: current and previous ous pregnancies
previous pregnancies in pregnan-
which women did not use a cies

VDT (N =5548 and 5154,
respectively)

(continued)
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Table 1. Continued.

Study Source of
period

Reference Subjects

occupational
information

Length of
ascertain-
ment of mal-
formations

Maternal/
paternal
exposure

Timing of

exposure Results

First-borns in Norway 1970—1973
(N =103 794);
3213 with malformations,

all types

Bjerkedal (5)

and Bjerkedal records
®)

Metropolitan Atlanta BDMP
— compare each malforma-
tion to alt other malforma-
tions and to occupations in
Atlanta at the census

(N =989)

Not
stated

Interview
with
mothers

Erickson et al
(20)

1967—1977 Interview
during

pregnancy

Hemminki (29)
and Hemminki
et al (31)

Cases: CNS, oral cleft and
MS malformations — Finn-
ish Register (N = 1650)
Referents: previous birth,
matched on time and place
of birth

1966—1976 Question-
naires

prenatally

All malformations in one
Israel hospital (N = 1481
malformations, 35 542
births)

Cases: anencephaly or
spina bifida — New York
(N=171)

Referents: adjacent birth,
matched on maternal age
and race (N=171)

Papier (62)

1968—1974 Birth

records

Polednak &
Janerich (66)

1970 census

Variable, up  Maternal
to 38 months
or during

pregnancy

First year
of life

Crude RR=1.12 (P<0.01)
for women economically
active during pregnancy;
significant RR for occu-
pations in textile and
leather (RR=0.77), cleri-
cal (RR=1.19), restaurant,
hotel, domestic

(RR =1.15), technical
(RR = 1.46), and nursing
(RR=1.32) work

Significant risks in first
trimester: OR=3.3 for
CNS and maternal sales
worker; OR=2.3 for CLP
and maternal health
worker; OR=21.2 for CLP
and maternal clerical
worker; OR=7.1 for CLP
and maternal business
and repair worker;

OR =5.1 for reduction
deformity and maternal
service retail worker. Sig-
nificant risk preconcep-
tion: OR=238.6 for gas-
troschisis and om-
phalocele and maternal
other crafts; many pater-
nal exposures significant

CNS (P<0.05): OR=1.57
maternal industry and
construction worker,

OR =2.0 maternal
academic degree;

clefts (P<0.05: OR=1.94
maternal transportation or
communication worker,
OR =3.1 maternal phone
operators, OR =2.5 mater-
nal teacher; MS (P<0.05):
OR = 1.3 maternal indus-
trial worker OR=1.8
maternal food industry
worker, OR = 1.7 maternal
factory worker, OR=5.0
maternal gardener,

OR = 1.7 maternai not
specified; no increase
with paternal exposures
No maternal or paternal
occupational category
showed an excess

Maternal/
paternal

Maternal,
two years
prior to con-
ception until
birth; pater-
nal, at con-
ception

First year
of life

Maternal/
paternal

During
pregnancy,
usually
third month

First year
of life

First 4 d
of life

Maternal/
paternal

Not
stated

Birth Maternal/ At

paternal birth

No maternal exposure
showed an excess;
increased risk with paternal
farmer, auto mechanic or
electrical engineer or
technician

malformations to study are derived from findings in
prior epidemiologic investigations, astute clinical ob-
servations, or animal teratogenic experiments.

Data derived from animal experiments have shown
that a number of chemical substances can interfere with
different phases of the reproductive cycle and are ter-
atogenic in animal species (17, 75). However, another
generic problem for studies of malformations is that,
even for substances that have been described as ter-
atogenic, controversy exists with respect to extrapo-
lation from animal data to human experience. Such
extrapolation is hindered by differences in metabolism,
placental function, and patterns of development
among animal species (68, 81). Thus the critical tim-
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ing of exposure to particular teratogens may not be
generalizable across species (81). Furthermore, Saxen
(68) has noted that, for some substances found to be
teratogenic in humans, an effect has not been found
in experimental studies.

Prevalence estimation

The prevalences of congenital malformations can be
influenced by variations in the source of information
from which malformations are ascertained, the length
of time subsequent to birth during which malforma-
tions are detected, and the diagnostic definition of a
specific malformation. There is potential for biased



study results if such variations are differentially exerted
in exposed and unexposed groups. While these issues
are generic to most epidemiologic studies of malfor-
mations, they must be considered specifically for in-
vestigations of parental occupational exposures and
malformations in offspring.

The ascertainment of children with malformations
has been accomplished from a variety of information
sources, including vital statistics records such as birth,
death and fetal death certificates, interviews with par-
ents, medical records, and both active and passive
reporting or surveillance systems (table 1). The use of
different ascertainment sources may result in varying
prevalence estimates for a given malformation in that
greater care may be taken to ensure complete and ac-
curate information from some sources of information
than from others. For example, while birth certificates
are frequently used to ascertain malformations (table
1, references 60 and 66) because of the relative ease
and low cost, this method is well-known to underesti-
mate the prevalence of malformations (4, 10, 25) when
compared to, say, a surveillance system such as the
California Birth Defects Monitoring Program (26) or
the Metropolitan Atlanta Congenital Defects Program
(19), which actively monitor for malformations up to
one year of life. However, some of the underreport-
ing associated with the use of birth certificates is merely
due to failure to record malformations on the birth
certificate (69). Reporting has also been found to vary
by size of the hospital of birth (4). It has been sug-
gested that data on malformations obtained from in-
terviews with parents, particularly in prospective
studies (a method of ascertainment for many of the
studies in table 1) be considered with caution (3).

An additional concern generic to studies of malfor-
mations is that the length of time into the postnatal
period when a malformation is diagnosed varies con-
siderably among studies (table 1). Duration of post-
natal follow-up needs to be considered because both
the prevalence and types of congenital malformations
diagnosed change with time subsequent to birth. For
example, anencephaly is generally noted at time of
delivery, but many of the cardiac malformations may
not be diagnosed until the first six months of life.

Another concern pertains to how a particular mal-
formation is defined. Reporting varies by the nature
and severity of the malformation (4, 10, 25, 46).
Although less of an issue with severe malformations
because they are usually more easily diagnosed, if the
diagnostic criteria differ by reporting source or between
studies for a particular malformation, so will the preva-
lence estimates. As an example, if the case definition
for a particular cardiac lesion in one study specifies
that the confirmed diagnosis be based on an invasive
diagnostic procedure, whereas in another study such
stringent criteria are not part of the case definition,
then different prevalence estimates may be observed.
A further problem associated with the definition of

congenital malformations is whether to include still-
births (37). The prevalence of malformations among
stillborn infants is higher than among infants born live
(87). Thus including or excluding stillbirths will affect
the magnitude of the reported prevalence.

In addition to the potential variability in prevalence
estimates due to differences in ascertainment source,
length of follow-up, and inconsistent case definitions,
malformations may be differentially reported in cer-
tain study subgroups, such as certain ethnic, educa-
tional, or economic groups (38, 53), that have differ-
ing access to medical care for the diagnosis of mal-
formations. For example, for workers’ families cov-
ered by a health plan there may be better ascertain-
ment than for workers’ families without such cover-
age. It has further been observed that the reporting
of some congenital malformations is greater in rural
than urban areas (54).

Estimation of occupational exposures

Biological considerations of occupational
exposures
Specifying hypotheses with a firm biological ration-
ale helps reduce both false positive and false negative
results. Maternal or paternal exposures to putative
agents preconceptionally or postconceptionally may be
related to the birth of a malformed child (39, 42). Cru-
cial to this understanding is the specific timing of such
exposures in the reproductive cycle, a factor critical
for the assessment of an agent’s teratogenic risk (17).
Preconceptional occupational exposures of either
parent could theoretically contribute to the subsequent
development of offspring with a malformation. Ex-
posures in the workplace may cause chromosome
damage or changes in molecular deoxyribonucleic acid
among parental germ cells, men being somewhat more
likely to be affected since there are numerous oppor-
tunities when agents can have an impact during cell
divisions in sperm production (82). However, Pearn
(63) noted that there is, to date, no experimental evi-
dence to suggest that paternal exposure to agents can
result in a teratogenic effect. Neither paternal nor
maternal preconceptional occupational exposures have
been extensively examined with regard to the risk of
malformations in offspring (5, 6, 14, 18, 20, 21, 52,
77, 78, 85). On the other hand, much more is known
about how postconceptional occupational exposures
may affect normal embryologic development (2, 7, 16,
22—24, 29, 30, 34—36, 45, 47, 48, 50, S5, 59, 72).
The critical period of teratogenesis is thought to
coincide the best with the period of embryonic organo-
genesis, from the third to the twelfth week of gesta-
tion (58, 86). Within this period, there is a critical
period for each organ system during which dysmor-
phogenesis might occur. The exact time of vulnerability
during the critical periods varies with the agent, as well
as with dose and duration of exposure (58, 86). The
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application of the critical period concept may be
epidemiologically useful in identifying potential oc-
cupational teratogens. If exposure to an agent occurs
prior to the end of a given critical gestational period,
it can be considered a possible teratogen. However,
occupational exposure of a pregnant woman after
closure of the fetal palate cannot, for example, be a
cause of cleft palate.

Defining exposure time relative to embryologic de-
velopment allows for a greater likelihood of identify-
ing a particular agent or agents as possible teratogens,
ie, random misclassification of exposure is less likely,
and therefore the estimated effect is less likely to be
underestimated. However, imprecision may exist in the
estimation of fetal age, often because the actual date
of conception is not known but is, rather, estimated
according to the date of last menses derived from med-
ical records or estimated by the recollection of the per-
son in question. The latter estimation is susceptible to
variations in a woman’s self-awareness of the begin-
ning of her pregnancy, eg, a mother may perceive her
pregnancy to have begun when she felf pregnant, pos-
sibly several weeks subsequent to when her pregnan-
cy actually began. Such imprecision may lead to vari-
ations in the estimation of critical periods (58) and the
misclassification of exposure status. Unless the propor-
tion of truly exposed among those classified as exposed
is relatively large or the effect of the exposure on the
particular studied outcome is large (80), the effect
could go undetected. To minimize this type of misclas-
sification, study instruments must be constructed to
elicit more precise information about the time of con-
ception.

An additional issue of biological concern is that of
the exposure-response relationship. In most studies of
occupational exposures related to congenital malfor-
mations, it is difficult to assess the extent of exposure
accurately. Thus surrogates of actual exposure are
often used, such as duration of exposure. As a result,
there is little information in the literature about ex-
posure in humans, and it remains unclear if high ex-
posures for short or intermittent periods or low ex-
posures for longer periods are equivalent in risk even
within the limits of the relevant embryologic timing
of exposure. Other models of risk of adverse reproduc-
tive outcomes associated with exposure have been pro-
posed (73).

Methodological considerations for occupational
exposures

The validity of reported occupational exposures is cru-
cial to risk estimation and depends on the following
two related areas of concern: the source of the exposure
information and the inclusion of validity checks on this
information. As can be seen in table 1, the most fre-
quent sources of information about occupational ex-
posures in studies of congenital malformations are
birth certificates, interviews with or questionnaires for
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one or both parents, and, occasionally, company
records. Each of these techniques has its advantages
and disadvantages as a source of occupational exposure
data.

Source of information. The major advantages of the
birth certificate as a source are ease of access and
reduced cost. However, the many disadvantages of this
source tend to outweigh its advantages. Concern about
using birth certificates to acquire occupational ex-
posure data results from the following possibilities. The
data may be incomplete since, in many areas, ascer-
tainment of parental occupation is not mandatory for
the birth certificate (82). In addition, the recorded
parental occupation at the time of birth on the birth
certificate may not be the parent’s usual occupation
or occupation at conception or at the relevant time dur-
ing pregnancy. As an example, the mother’s occupa-
tion often appears as housewife at the time of birth
when in fact she may have worked in another capaci-
ty at the time of conception or during the early months
of her pregnancy (11). Errors in classifying occupa-
tional titles into exposed or unexposed categories may
also bias the effect measure since specific occupational
exposures are not recorded on the birth certificate and
occupational title must be used as a surrogate measure.
Occupational titles used as a surrogate may be too
crude for exposure estimation (35). Several occupation-
exposure linkage strategies have been proposed in
which occupations or occupation-industry combina-
tions are linked with specific exposures (13, 33, 57, 76).
Two indirect strategies (33, 57), however, have been
shown to have poor agreement with direct reporting
based on questionnaire-elicited data (51). Moreover,
information on occupation may not be collected or
coded in a standardized way, and thus it may be non-
comparable and somewhat inappropriate for purposes
of aggregating these data from various areas or hospi-
tals. Finally, the information obtained from the birth
certificate about potential confounders may be limited.

The primary advantages of occupational data ob-
tained from interviews and questionnaires are that sub-
jects can be queried directly, in a detailed and stan-
dardized way, about occupations and occupational ex-
posures, including information on substances, timing,
exposures, protective gear, and work habits. There are,
however, a number of disadvantages with this ap-
proach. First, while respondents know about terms of
employment and character of the job (64), they may
not know with certainty about exposures they have had
on the job, many of which change over the time of
employment and thus introduce the possibility of mis-
classification. Second, one parent may be easier to find
and more accessible and may thus become the respon-
dent. Yet, it is often unclear if maternal or paternal
occupational exposures, or both, are the most relevant,
and the one parent may not provide valid and com-
plete information regarding the other’s specific occupa-



tional exposures and is more likely to know a specific
job title than specific workplace exposures (74).

Finally, this technique is probably the most suscept-
ible to problems of information bias (70). The under-
lying reason for concern about this bias is that par-
ents of children with malformations may recall ex-
posures better than parents of nonaffected children,
the result being a biased estimate of the effect mea-
sure away from the null. Thus the likelihood increases
for incorrectly claiming that a difference in exposure
exists when it really does not. However, a number of
studies examining exposures during pregnancy and spe-
cifically testing for recall bias have been unable to
demonstrate its presence (43, 61, 84, 88). Several sug-
gestions have appeared in the literature for minimiz-
ing recall bias. First, asking specific questions about
exposures (eg, in the case of drugs, the conditions for
which taken, and the names) tends to improve recall,
whereas open-ended questions do not enhance infor-
mation (56). With regard to occupational exposures,
asking about specific exposures rather than trying to
deduce exposure from job categories may yield more
information (51).

The primary advantages of using company records
are that they are not subject to problems of recall bias
and tend to be more complete in recording occupation-
al exposures. There are, however, some problems with
this technique as well. Perhaps the two most looming
potential problems are that of gaining access to com-
pany personnel records and that of the lack of record-
ing changes in exposures over time. Since companies
are not universally cooperative in sharing their person-
nel records for studies of potential adverse health ef-
fects of occupational exposures, lack of cooperation
can compromise the completeness and validity of data
obtained in this way. Using company records to de-
termine occupational exposures is also a rather cum-
bersome technique to be used in a case-referent study,
since it often involves obtaining cooperation from
many different companies. In addition, exposures for
any given job title or position may change over time,
but exposure changes may not be routinely recorded
in the personnel file. Thus company records might be
of less value, in some instances, in obtaining valid ex-
posure information than interviews with the workers
themselves. Furthermore, information on potential
confounders from company records may be insuffi-
cient.

Validating exposure information. Because no single
technique for obtaining occupational exposure infor-
mation is perfect, the need for building validity checks
into studies of such exposures is critical. Experienced
occupational hygienists can certainly contribute to the
process of validating occupational exposure informa-
tion. Validating not only positive reports of exposure,
but negative ones as well, would minimize the chances
of misclassification bias. Sometimes it may only be

necessary to perform validity checks on a sample of
the total population to determine that the selected
method for obtaining data on occupational exposures
is sufficiently valid and complete, while at other times
it may be necessary to validate information on all sub-
jects. There are, however, problems in attempting to
validate information. First, sources for validation are
not always available. Second, it is not always clear
what information source should be considered the valid
measure of exposure if two sources disagree. For ex-
ample, medical records are often considered the valid
source of information in epidemiologic studies, but
some investigators have found that these records may
be as incomplete or inaccurate as other sources of data
(32). Finally, more recently the use of biological mark-
ers in epidemiologic research has been increasing.
Although the recent study conducted by the Centers
for Disease Control (12) involving serum levels of
dioxin serves as an example of how useful biological
measures may be for validating another source of ex-
posure information, the validity and meaning of many
biological markers will still need to be established be-
fore used in this regard (71).

Other design and analytical considerations

Reference groups

Inclusion of a reference group which will provide an
unbiased estimate of risk requires careful considera-
tion of likely modes, mechanisms, and timing of ex-
posures, ie, an estimate not biased due to differential
error in the ascertainment of exposure status. In
prospective studies of occupational exposures in gen-
eral, and specifically those studying these exposures
as related to the occurrence of congenital malforma-
tions, a frequent approach is to include as a reference
group another group of workers in the same industry
which is presumed not to have had the exposure un-
der study. It is usually easier to obtain permission and
cooperation for such a group because they have already
been obtained for the exposed group. The ascertain-
ment and the follow-up of subjects may also be easier.
In addition, this method makes it more likely that the
reference group will experience medical surveillance
similar to that of the exposed group than a reference
group selected from outside the industry.

Problems generic to occupational studies using a
reference group from the same industry include (i) the
possibility of the workers changing positions within
the same industry, the result being changed exposure
status over time, and (ii) the possibility of the refer-
ence or unexposed group being inadvertently exposed
to the substance of interest. These types of problems
result in a misclassification of exposure that biases risk
estimates toward the null. One must determine whether
the advantages of using this type of reference group
outweigh the disadvantage of possibly providing false
reassurance about a potential hazard.
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The choice of an appropriate reference group in a
case-referent study may also be problematic. The most
frequently used reference groups are infants with mal-
formations other than the one under study or normal
infants (eg, siblings, neighbors, friends, a probability
sample of all infants in the area under study, or ran-
dom-digit-dialed referents). Using infants with other
malformations helps to control recall bias because par-
ents with affected infants may try harder to recall ex-
posures which may have affected their offspring ad-
versely. Another advantage of a reference group with
other malformations is that cooperation may be bet-
ter and the subjects may be easier to follow-up than
normal infants, the result being a reduction in the pos-
sibility for response bias.

One drawback to consider in using a reference group
comprised of infants with malformations is that, since
the etiology of about 65 % of all congenital malfor-
mations is unknown (87), some of the reference group
malformations may be etiologically linked with the ex-
posure under study. Because much of organogenesis
occurs in the first trimester, it is likely that more than
one organ system could be adversely affected by the
same exposure during that 12-week period. One alter-
native is to use a reference group with a malforma-
tion whose etiology is known, eg, a chromosome mal-
formation, although this may not be as good a con-
trol for recall bias if the etiology is well-known to the
parents. One could also include a variety of diagnos-
tic groups of malformations to minimize the impact
of inadvertently including one that is associated with
the exposure under study (40, 70). However, because
the etiology of most malformations is unknown, the
likelihood of including more than one malformation
that is associated with the exposure under study may
still be great and may thus result in an underestimate
of the effect measure. Another possibility is to use a
nondiseased reference group which would provide the
opportunity to compare exposure frequency to that of
a group that has not been influenced by disease but
would enhance the possibility of recall bias.

An additional option would be to use two reference
groups, one with other malformations and one
without. This method would permit both recall bias
and risk to be assessed (70). It, however, is more
difficult and costly and could either complicate or elu-
cidate (15, 28) the interpretation of results if effect
measures differ substantially for the different compar-
ison groups or if the explanation of the discrepancy
can be deduced.

One further issue regarding the selection of a refer-
ence group is which subjects should be excluded. Some
questions that arise in considering exclusions are (i)
whether referents should be excluded who have mal-
formations which may be associated with the exposure
under study, ie, how strong must the association be
for the referent to be excluded; (ii) what should be done
with referents for whom the association with exposure
is speculative (perhaps they should be included as a

352

separate group for analysis); and (iii) what referents
should be excluded when the study is exploratory (ie,
a number of exposures may be studied which may be
associated with different malformations in the refer-
ence group).

Sample size and multiple tests

The issue of sufficient study power for examining
specific malformations needs to be considered. Because
specific malformations are rare, the practice of broadly
grouping malformations is often undertaken and justi-
fied on the grounds of increasing sample size with con-
comitant increases in study power. However, one is
hardpressed on biological grounds to support a prac-
tice that, even though it may result in the ability to
detect a smaller effect measure as statistically signifi-
cant, may well obscure interpretation of a potential
specific exposure-malformation relation. However,
grouping specific malformations may have biological
validity if several malformations suspected to have a
similar etiology or embryology are considered as a sin-
gle group or if complex mixtures of exposures, eg, in
toxic waste sttes, are of interest or if exposure occurs
when a number of organ systems are developing. A
number of the prospective studies reviewed in table 1
considered congenital malformations as a single end
point (1, 23, 27, 49).

Inherent in a prospective examination of congeni-
tal malformations in which the frequency of numer-
ous malformations is examined between exposed and
unexposed groups is not only the problem of small
numbers and reduced power, but also the problem of
interpreting findings from multiple testing. There are
approximately 200 specific congenital malformations
at the four-digit level of the International Classifica-
tion of Diseases (ninth revision). If relative risks are
calculated for each outcome, one would expect 10 to
be statistically significant by chance alone at an alpha
level of 0.05. Frequently, multiple exposures and mul-
tiple time periods are also under consideration, a
process which further increases the number of statisti-
cal tests and potential false positives. Certainly, if
several indicators of the same exposure are available,
one can examine the consistency of the effect estimates
across the various indicators. However, if more than
one estimate of the same exposure is not available, one
is then left with the difficult choice of which positive
associations to pursue. Several approaches might be
considered for reporting results when a large number
of potential associations have been examined, includ-
ing the reporting of all potential associations examined
with the thought that each exposure-outcome relation
is a separate investigation (8) or the reporting of only
associations which are ‘‘significant’’ after an adjust-
ment procedure such as the Bonferroni (79) procedure
or the reporting of all potential associations examined
but providing a ranking in order of priority for inves-
tigations using empirical Bayes techniques (83).



Potentially hazardous workplace exposures have
raised concern regarding the adverse reproductive ef-
fects of such exposures to men and women. Epidemi-
ologic studies of these relations are important for as-
sessing such risks so as to help in setting standards to
reduce hazardous exposures and the risk of malfor-
mations. Addressing the methodologic concerns dis-
cussed in this review regarding exposure and outcome
in future studies of occupational exposures and con-
genital malformations will likely result in greater spe-
cificity of findings and thus enhance the possibilities
for prevention.
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