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SHAW GM, GOLD EB. Methodological considerations in the study of parental occupational exposures
and congenital malformation s 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
suesdiscussed include selection of appropriate reference groups, sample size, and multiplehypothesis 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. Mos t congenita l malforma­
tions are believed to be due to the interac tio n of both
en vironmental and genetic influences. Cur rently, ap­
proximately 20 % of human malformat ions can be
ascr ibed to genetic transmission , 5 l1Jo to chromosome
aberrations, and approximately IO l1Jo to all known en­
vironmental factors, leav ing approxim ately 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
mation s among offspring. The justification for study­
ing a po ssible relation between a parent's exposur e 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 ha zards ma y affect paren­
tal germ cells before conception or may affect em­
br yon ic somatic cells after conception; either action
may induce cell death or dysfunction leading to mal­
forma tions in the offspring (31). Th e importance of
epidemiologic studies of rele vant occupational ex­
po sures lies in th e potential for preventing conge nita l
mal fo rmation s if risks associated with such expo sures
ar e ident ified 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 ma y increa se 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 I severa l examples are given of inves tigatio ns
which involved a ll malformations gro uped together
rather than specif ic malformations as th e end po int of
int er est (5, 6, 62). A generic problem fo r studies of
mal fo rm ati ons is whether to group malformations .
From a biological perspective , it is important not to
group con genital malformations into a single ou tcome
but rather to consider them as heterogeneous outcomes
which ma y ha ve distinct etiologies. The choice of a
specific mal formation or group of mal fo rmation s for
st udy should be ba sed upon embryologic in formation
about wh ich organs and tissue s ar e developing at the
tim e of exposure. In addition, decisions about which



Table 1. Selec ted stud ies o f pa re ntal o ccupati onal exposures and congenita l mal formations . (B DM P =bi rth d efec t monitoring
program, CLP=c le ft lip and pa late, CNS=ce ntral nervous syste m , GI=gastro in testinal, MACDP =M etropolitan Atlanta Con-
geni ta l Defect Pro gram, MS =musculo skeletal , NAAA =Nat ional Agricultu ral Aviat ion Associa ti o n , OR =odd s ratio,
PV C =polyvinyl chlori de , RR =re lat ive r is k , VDT =vid eo di s p lay te rm inal)

Source of Maternal/ Length of

Reference SUbject s
Study occupational Tim ing of paternal ascertain- Resul tsperiod exposure ment of mal·information exposu re format ions

Laboratory chemicals

Hol mberg (34) Cases: CNS defects , Finnish 1976-1977 Interv iew First Maternal First year Matched OR = 13/2 for
and Holmberg & Register (N = 120) wi th trimester postnatal organic solvents
Hernberg (35) Referent s: preced ing delive ry mothers (P<O.OI) ;

in same matern al welfare OR = 1.4 for parenta l
dist rict (N =120) manufactu re jobs and
Second paper added oral Any t ime CNS; OR = 1.3 for
clefts to the cases and their during community service
referents (N = 102 pai rs) pregnancy and cl efts

Hansson et al Exposed : Swedish Chemical Not Posta l Not sl ated Materna l At birth 61103 exposed vs 21297
(27) laboratory worke rs' in fants stated questionnai re unexposed had majo r

(N = 103) malformat ions (RR=8.6)
Unexposed: othe r pharrna-
ceuti cal employees' infants
(N = 297)

Ericson & Cases: esophageal, anal or 1976-1978 Physician or During Maternal Neonatal OR = 3 for parenta l
Kall en (23) small bowel atresia (N =201) socia l worker pregnancy period labor atory work 4.3 % of

Referents: from Swedish birth interv iewed cases, 1.9 % expected,
register, no GI atresia, two per parent of 1.4 % of refere nts
case, matched on matern al cases & mal· (P<0.01);
age, parity, month of denv- formation matc hed tr iplets OR= 6
ery, comp leted triplets = 142 referents;

postal ques-
tionn aire to
normals

Leffingwell Exposed: female laboratory 1968- 1977 Company At co ncep- Maternal Not Excess of malformations
et al (49) workers of reproducti ve age records tion and/or stated (N = 6) among laboratory

in a pharmaceut ical during preg- work ers in 1970s, part lcu-
company (N = 164) nancy larly for labor atory work
Unexposed: female cler icalf at ti me of concept ion;
administrative workers in none in admini st rat ive
the same company (N =318) workers

Olsen (60) Cases: CNS malformations 1972-1976 Birth At birth Maternalf Not OR = 1.9 for CNS malf or-
or malfor mat ions of the gut. certificate paternal stated mations and unskill ed
extremit ies and CLP - fat her; OR = 2.8 for CNS
Funen County, Denmark malfo rmat ions and pater-
(N=6t9) nal organi c solvent ex-

posure (95 % CI 0.8-9.4);
OR =4.9 for CNS maltor-
mat ions and painter
father; no associat ion of
patern al or maternal
laboratory assistant and
anomalies of gut or ex-
tremities or cleft s

Axelsson et al Expos ed: women expose d 1968- 1979 Postal First Materna l Neonatal 3.7 % malf ormations
(2) to solvents in laboratory - questi on- tri mester period among exposed ; 4.2 %

University of Goteborq naire and re- among unexposed
(N = 492 pregnancies) rnain der of
Unexposed: women nol ex- pregnancy
posed to solvents in labora -
tory work (N = 496 pregnan-
cies)

Ericson et al Cases: serious malformations 1975 Census data During Mate rnal Neonat al No di ffer ence in work ing
(22) in chi ldren of Swedish and postal pregnancy perio d in laboratory during preg-

laboratory worke rs (N = 24) questionnaire nancy; increase in matter -
Referents: two per case, mations over expec ted
strat if ied on age and pari ty, f rom populat ion
laboratory workers (N = 48)

Kurppa et al Cases: CNS, heart, skeletal, Not Interview First Mate rnal First year Maternal exposu re to or-
(47) oral cleft malfo rmatio ns in stated and trime ster of life ganic so lvents about

Finnish Register (N = 1047) indust rial tw ice as high for CNS
Referent s: preceding deliv - hygienist and three t imes hig her
ery in same district fo r oral clefts than for

referents

Holmbe rg & Cases: CNS defects (primar- 1976-1978 Interview Firs t Mate rnal! First year OR = 5.5 for maternal ex-
Nurminen (36) i ly anencep haly) in Finni sh trime ster paternal of li fe posure to orga nic so lvents

Regist er (N =120) in first t rimester (P< 0.025);
Referents: preceding delivery OR = 3.4 for dust ex·
in same dis trict (N = 120) posu re (P< 0.01); dust and

solven ts multipli cati ve;
no difference for metal s,
pesticides, dyes , noise ,
temperature, radia t ion, or
safety equipment use..................... ..................................................... .................. .. .......................................................... ........... ....................................... ........................
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Table 1. Contin ued.

Reference Subjects St udy
period

Source of
occupational
information

Timing of
exposure

Maternall
paternal
exposure

Length of
ascertain­
menI of mal­
for mations

Results

1970 Postal First and Maternal Not
question- second stated
naira trimes ter

Not Postal During Maternal Childhood
stated question- pregnancy

naira

1968- 1977 Postal
question­
naire

1950- 1975 Post al
questi on­
naire

Anesthetics
Knill-J ones
et al (45)

Corbett et al
(16)

Pharoah et at
(65)

Ericson &
Kallen (23)

Co hen et al
(14)

Exposed: marri ed female
anesthet is ts in Unit ed King­
dom (N =563)
Unexposed: marr ied fema le
physic ian s (nonanesthetists)
fro m medical register in
Unit ed Kingdom (N = 828)

Exposed: practic ing Mic higan
nu rse anest het ists (N = 434)
Unexposed: nonpract ic ing
nu rse anes thetists and
non anestheti sts (N = 261)

Exposed: Medic al Register
wo men who practiced
anesthesia dur ing preg­
nancy in Engl and and
Wales (N = 670 pregnancies)
Unexpo sed: pregnancy con­
ce ived du ring other practice
(N =6377)

Exposed: Swedish women
wo rki ng in operating room
(N = 494 infants)
Unexposed: women working
in medi cal work (N = 191 27
inf ant s)

Exposed : Am erican dentists
and denta l ass istants who
used inh alant anest hetics
(N =3724)
Unexposed: dentis ts and
dent al assi st ants not using
inhalant anesth eti cs
(N =8893)

1973 &
1975

Records

At
concept ion

During
pregnancy

One year
pri or to
co ncept ion
tr imester

Matern al

Malernal

Maternall
paternal

Childhood

Not
st ated

Up to 10
years of
age

Malformation fre quency of
offspring of anesth estis ts
working during fi rst si x
months of pregnancy 6.7 %
compared to 2.5 % for
anesthestists not wo rk ing

16.4 % birth defects
among exposed and
5.7 % among unexposed
(P< 0.005); largest dltt er­
ences in skin (especia ll y
hemangiomas) and MS
defects (espe cia lly ingui·
nal hernia)

Malfo rmations of heart
and greater vesse ls in off­
spring of anestheti sts
(13.8/1000 vs 3.6/1000,
P< 0.05)

No signif icant difference
in mal formatio ns (4.5 %
vs 5.2 %)

5.4 % malfo rmat ions
among female dent al as·
sistant users V$ 3.6 % in
nonusers (P = 0.02, espe­
ciall y MS for usi ng ni·
trous oxide); no dose­
response; no dif ferenc e
in of fs pring of male den ­
tists

To wnsend
et al (85)

Erickson et al
(21)

Smith et al (77)
and Smith
et al (78)

1969- 1979 Postal One year
question- prior to
naira conception

and during
pregnancy

Not Postal Not
sta ted question- stated

naira

2 % malf ormations
among exposed; 1.6 %
among unexposed

5.9 % malformati ons
among exposed; 6.4 %
among une xposed

Suggestion of dose­
response for Agent
Orange exposed person s
and spina bifida and cleft
lip with or without palate;
excess of second affected
chil d in Agent Orange
group ; no exce ss risk
overa ll for Agent Orange;
no excess risk for
Vietnam vete rans

No difference in rnalfor ­
mations among dioxin or
TCDD exposed

RR = 2.3 for limb reduc­
tion defec ls (5.0711000 in
agricult u ral vs 2.2211000
in other jobs, total li mb
defect s = 8);
no other di ff erences

Paternal One year
after
birt h

Patern al One year
after
birth

Paternal Childhood

Maternall No t
paternal sta ted

Paternal Not
stated

Prior to
co nce pt ion

Any time
prior to
concep tio n

During
pregna ncy

1968-1980 Intervie ws

1939-1975 Comp any
records and
question­
naire

1975- 1978 Mothers'
& infants '
records

Ag ricultural chemicals
Sch wartz et al All births in California
(72) agricultural area (N = 2 463

singlet on births)
Exposed: parents with
aqric uttural jobs (N = 990)
Unexposed: parents in
nonagricultural jobs
(N = 1365)

Expo sed: New Zealand
chem ical applicators in
agri cul tural chemical board
(N =459)
Unexposed: agri cultural
cont rac tors (N = 422)

Roan et al (67) Exposed: offs pri ng of
American NAAA mem bers
(N = 588 live births)
Unexposed : offspring of
sibling of NAAA mem ber
(N = 350 li ve bi rths)

Exposed: at least one
month in chlo rophenol
process in Mich igan plant
(N =637 li ve birth s)
Unexposed: emp loyees at
least one month not in
po tential exposed area,
match ed by dal e of hire
(N = 1785 live births)

Cases: serious st ruct ura l
malformations in MACDP
(N =4929)
Referents: liveborn f rom
vit al records (N = 3029)

......................................................................... ................................................................................................................................................ ...................................
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Table 1. Continued.

Source of Maternall Length of
Study occup ational Timing of patern al ascertain- ResultsRefe renc e SUbjec ts period exposure ment of mal-

information exposure format io ns

Industrial chemicals
Nordstrom Expo sed: worker in Swedi sh 1955-1976 Question- During Maternal Not 5.8 % malformations in
et al (59) smeltery during preg nancy naires and pregnancy sta ted exposed and 2.2 % in

Une xposed : no work in personn el unexposed (P< 0.OO5);
smeltery during pregnan cy records increase over time
(N = not stated)

Blomqvist et al Exposed: pregnancy in 1973- 1977 Postal During Maternal One week Twofold excess of metter-
(7) women working in Swed ish question - pregnancy of lif e mat ion s in offspring of

pulp and pape r industry naires to women working in labo ra-
(N = 890) indu st ry tortes or in the refi ning of
Compared to total popula- paper
ti on expected prevalence

Edmo nds et al Cases : verified CNS defects 1970-1974 Telephone Five years Maternall At birth No difference in paternal
(18) in Oh io BDMP or vital interview prior 10 con- pat erna l employment in PVC plant

stat is ti cs (N = 41) ception and or in dist ance f rom plant
Refe rent s: live bom from during at conception; no d iffer·
birth certi ficate match ed on pregn ancy ence in maternal emp lo y-
birth month, race , paternal ment in PVC plant
education and maternal age
(N =41)

Axel son et al Expo sed: women working in 1958-1980 Inte rview Not Maternal Not RR = 1.0 for exposed vs
(1) Swed ish tirebuild ing dur ing stated stated unexposed malformation

pregnancy (N = 21 pregnan- gro ups ; four ti mes more
cies) abort ions and malforma-
Unexposed: women not t ions combined in ex-
wo rking in tirebui ld ing dur- posed group
ing pregnancy (N = 63 preg -
nanci es)

Lindbohm et al Cases: all malformations, 1973-1977 Regi st ry and Fi rst Maternal One year No increased ris k for mal -
(50) Finnish Regist er (N = 48) union trimester format ion in any ernpto y-

Referents: two normal reco rds ment category of rubbe r
births per case , matc hed on and leather workers
delivery date and chap ter
Exposed : joined union no
late r than two and a half
mon ths after concept ion or
did not resign before six th
week of pregnancy
Unexposed: union members
in factory not meeting ex·
posu re criteria

Miscellaneous
Kallen et al Expo sed : Swed ish fem ale 1973-1978 Record s and At birth Matern al Birth
(41) physiotherapists (N = 2018 postal and during

pregnancies) question- pregnancy
Unexp osed: all others in naira
birth regis ter; nested cas e-
referent of malformations or
dea th (N = 36)
Referents matched on
maternal age, par ity , birth
date , (N = 74)

Logue et al Nested study of American Not Posta l Any time Paternal Not
(52) male physiotherapists st ated questi on- prior to con- stated

Cases : all mal for mations naira cept ion and
(N = 169) three months
Refere nt s: matched on year prior to con-
of birth and maternal age cept ion
(N = 338)

More frequent use of
shortwaves and ultra­
sou nd amo ng cases
(P = 0.03 and P< 0.10,
respectively) ; no pattern
of mal formations

No difference bet ween
cases and referents fo r
preconceptional exposu re
to nonionizing rad iation

Kurppa et al
(48)

McDonald et al
(55)

Cases: all malformations in
Finland (N = 1475)
Refe rents: mother im medi ­
ately preceding case,
matched on time and area
of birth (N = 1475)

Expo sed: current and previ­
ous pregnancies in Mon­
t real in wh ich wom en used
a VDT (N = 3257 and 1303,
respectively)
Unexposed: current and
previou s pregnancies in
which women did not use a
VDT (N =5548 and 5154,
respect ively)

1976-1982 Inte rview

1982-1984 Interview

First
trimester

When women
became
aware of
pregnancy

Maternal

Maternal

One year

At birth for
current
pregna n­
cies ; not
stated for
previous
pregnan­
cies

No increased risk for VDr
exposure; 51 case vs 60
reference mothers exposed
(OR = 0.9,
95 % CI = 0.6- 1.2)

Malformation in 3.3 % of
offspring of VDr users;
3.7 % in nonusers for
current pregnancies ;
3.8 % vs 3.6% for previ­
ous pregnanc ies

(continued)
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Table 1. Continued.

Source of Maternall Length of

Reference Subjects
Study occupational

Timing of paternal ascertain- Result sperio d exposure ment of mal-information exposu re formations

Bjer kedal (5) First-borns in Norway 1970-1973 1970 census Variable, up Maternal First year Crude RR= 1.12 (P< 0.01)
and Bjerkedal (N = 103 794); record s to 38 months of life for women econ omicall y
(6) 3213 with malfo rmat ions, or during act ive during pregnancy ;

all type s pregnancy sig nif icant RR for occu-
pations in text ile and
leather (RR = 0.77), clerI -
cal (RR= 1.19), restau rant ,
hotel, domestic
(RR = 1.15), tec hnical
(RR = 1.46), and nursing
(RR = 1.32) work

Erickson et al Metropolit an At lanta BDMP Not Interv iew Maternal, Maternall First year Signif icant risks in firs t
(20) - compare each malforma- stated wit h two years patern al of li fe t rimester: OR = 3.3 for

tion to all other malforma- moth ers prior to con- CNS and maternal sales
tions and to occupations in ception until worker; OR = 2.3 for CLP
Atlanta at the censu s birt h; pater - and maternal health
(N = 989) na1, at con- worker ; OR = 21.2 for CLP

cept ion and maternal clerical
worker; OR = 7.1 for CLP
and maternal business
and repair work er;
OR = 5.1 for reduct ion
deformity and mate rnal
service retail worke r. Sig-
nif icant risk preconce p-
tion: OR = 38.6 for gas-
trosch isis and om-
phaloce le and maternal
ot her crafts; many pate r-
nal exposu res sign ific ant

Hemminki (29) Cases: CNS, oral cleft and 1967-1977 Interview During Maternall First year CNS (P<0.05): OR = 1.57
and Hemmlnki MS malformations - Fin n- duri ng pregnancy, paterna l of li fe maternal industry and
et al (31) ish Register (N = 1650) pregnancy usually construction worker,

Referents: previous birth, third mont h OR = 2.0 maternal
matc hed on time and place academic degree;
of birth clefts (P< 0.05): OR = 1.94

maternal tran sportat ion or
comm unication worker,
OR = 3.1 maternal phon e
opera tors, OR = 2.5 mater-
nal teacher ; MS (P< 0.05):
OR = 1.3 maternal indus-
tr ial worker OR = 1.8
mate rnattood industry
worker, OR = 1.7 maternal
factory wor ker, OR = 5.0
materna l gardener ,
OR = 1.7 maternal not
specified; no increase
with paternal exposures

Papier (62) All malfo rmat ions in one 1966- 1976 Questi on- Not Maternall Firs t 4 d No materna l or paternal
Israel hospital (N = 1481 naires staled paternal of lif e occupational category
malf ormat ions, 35542 prenatally showed an excess
births)

Polednak & Cases: anencephaly or 1968-1 974 Birth Birt h Maternall At No mate rnal exposure
Jane rich (66) spina bif ida - New York record s paternal birth showed an excess;

(N = 171) increased risk with paternal
Referents: adjac ent birth, farmer, auto mechanic or
matched on materna l age elec tr ical engin eer or
and race (N = 171) technic ian

mal form ations to study are derived from findings in
prior epidemiologic investigat ions, astute clinical ob­
servations, or animal terato genic experiments.

Data derived from animal experiments have shown
tha t 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 studi es of malformations is that,
even for substances that have been described as ter­
atogenic, controversy exists with respect to extrapo­
lation from animal dat a to human experience. Such
extrapol ation is hindered by differences in metabolism,
placental function, and patterns of development
among animal species (68, 81). Thu s 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 human s, an effect has not been foun d
in experimenta l studies.

Prevalence estimation
The prevalences of congenit al malformations can be
influenced by variations in the source of info rmation
from which malformat ions are ascertained, the length
of time subsequent to birth during which malform a­
tions are detected , and the diagnostic definiti on of a
specific malform ation. There is potential for biased



study results jf 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 I). 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
I, 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 I) 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 I). 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, 55, 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 felt 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 add itional 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
dat a.

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 area s, ascer­
tainment of parental occupation is not mandatory for
the birth certificate (82). In addition, the recorded
parental occupat ion 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). Severaloccupation­
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 oceupa-



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-referentstudy 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 0J0 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
non diseased 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
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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 sites, 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
ses sing 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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