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METHODS

Parental occupations were investigated as possible risk factors for
astrocytoma, the most frequently occurring brain tumor in children. A
case-control study of 163 pairs was performed. Cases under 15 years of
age at diagnosis in 1980-1986 were identified through the tumor regis

The methods are described in detail in a previous publication
concerning nonoccupational factors associated with childhood
astrocytoma (15) and will be summarized below.
Cases were identified through the tumor registries of eight
hospitals in Pennsylvania, New Jersey, and Delaware. These
hospitals included all the major centers as well as some of the
smaller centers for the treatment of pediatrie cancer in the time
period of the study. Patients from other small centers were not
included. Eligible cases were those diagnosed with astrocytoma,
glioblastoma multiforme, mixed glioma with astrocytic ele
ments, or brainstem glioma before age 15 in 1980-1986. Brainstem gliomas were included because in children, 85% of those
biopsied are found to be astrocytomas (16). Additional inclusion
criteria were: physician approval to contact parents; index child
not adopted; biological mother English speaking and available
for interview; telephone in household; and residence at diag
nosis and at interview in the United States.
Controls were selected by random-digit dialing and were pair
matched to cases on age, race, and telephone exchange. Age
matching was accomplished by matching birthdate within 1
year for cases 0-4 years at diagnosis and within 2 years for
cases 5 years and older at diagnosis. For race, matching was
for black or nonblack. The random-digit dialing procedure has
been described previously (17).
Mothers and fathers of cases and controls were interviewed
separately by telephone. A complete occupational history was
obtained for each parent. If the father was unavailable, the
mother was asked to provide a proxy interview. All jobs held
for at least 6 months at age 18 or older were coded by industry
and job title according to the SIC" (18) and the SOC, respec

tries of eight hospitals in Pennsylvania, New Jersey, and Delaware.
Controls were selected by random-digit dialing and were matched to cases
on age, race, and telephone area code. Occupations before the child's
conception, during the pregnancy, and after the child's birth were studied
separately.
We did not observe any strong associations. Significantly more fathers
of cases were electrical or electronic repairmen, a subgroup of an occu
pational category previously associated with increased risk. An excess of
case mothers employed as nurses was observed, which was significant
for mothers of children diagnosed before 5 years of age. Elevated although
not significant odds ratios were observed for some white collar and
professional occupations in case parents; for paternal exposure to paint
and paternal occupation in the paper and pulp mill industry, both in the
period after the child's birth; and for maternal occupation as a
hairdresser.
The lack of strong associations may have resulted from low statistical
power for some job groupings. Our study, unlike previous studies,
focused on a single type of brain tumor: childhood astrocytoma. Thus our
results suggest that some parental occupations associated with childhood
brain tumors in previous studies may not be risk factors for childhood
astrocytoma.

INTRODUCTION
Astrocytoma, the most frequently occurring central nervous
system tumor in childhood, constitutes about one-half of brain
tumors and 9% of all neoplasms in children under age 15 in
the United States (1). Little is known about the etiology of this
tumor. A number of studies have investigated the possible role
of parental occupation in the development of brain tumors in
children. These studies focus almost exclusively on all child
hood brain tumors combined (2-12). However, brain tumors
include a variety of histological types that differ in age at onset,
sex ratio, differentiation, and growth characteristics (13, 14).
Different histological entities might therefore have different
etiologies. For this study we investigated the association of
astrocytoma and parental occupations in a case-control study.
The timing of the exposures in relation to the child's conception
and the relation between exposure and the child's age at diag
nosis were also studied.
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tively (19). Jobs were grouped in broad categories defined by
the SIC and SOC schemes and in categories previously identi
fied as possible risk factors for childhood brain tumors: the
agricultural (2), chemical (3-5), petroleum (4, 5), newspaper
and printing (4), aerospace (3, 6), paper and pulp mill (4, 5, 7),
transportation (2), and construction (2, 8) industries; occupa
tions with exposure to paint (3, 9), chemicals (3-5), petroleum
(4, 5), ionizing radiation (5, 10), electromagnetic fields (5, 11),
motor exhaust fumes (12), and metals (2, 8); and electrical (2),
printing (4), and graphic arts workers (4). We studied two
exposure levels for ionizing radiation, electromagnetic fields,
and motor exhaust fumes as defined in previous studies (10,
11, 20). Although it is necessary to study each type of cancer
separately, some risk factors may be shared. For example, an
occupational exposure that induces new germinal mutations
could increase the risk of several childhood cancers. Therefore,
risk factors previously associated with other childhood cancers
(21-37) were also studied.
Maternal occupations studied in addition to the SIC and
SOC categories were maternal and paternal occupations previ
ously associated with increased risk of childhood brain tumors
and childhood cancer (2-12, 20-37). We also studied employ
ment as a hairdresser, since a previous study observed an
' The abbreviations used are: SIC, Standard Industrial Classification; SOC,
Standard Occupational Classification.
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association between maternal use of hair coloring products and
Wilms' tumor (38).
Analyses were performed for employment (ever versus never)
in job categories for each of three time periods: (a) prior to the
child's conception; (b) during the pregnancy; and (c) between

for matched pairs were calculated for potential risk factors, and
the corresponding two-sided P values were computed using
McNemar's test. For odds ratios based on 25 or fewer discor
dant pairs, 95% confidence intervals were calculated by the
exact method (39). Otherwise, approximate confidence inter
vals were calculated (39). We performed conditional multiple
logistic regression to adjust for differences between cases and
controls in proxy interview of the father, number of jobs held,
and general job category (blue collar; white collar; technical,
professional, or managerial). These analyses did not affect the
results substantially. Statistical significance was defined at the
5% level.
RESULTS

Case
No.
Education
11ii'li school
High school graduate
Some college
College graduate
Graduate/professional
school

Control
f,

No.

%

Case
No.

Control
%

No.

175721372611361323162559253217163716201197422391

General job category
Blue collar
40
63
White collar
41
26
Professional, technical,
54
34
managerial
No job
0
Â°P = 0.07 for test of trend.
* P = 0.07 for case-control comparison.

81
27
50

51
17

32

8
102
50

5
63
31

18
93
44

11
57
27

0

reported more jobs after the birth of the index child than did
control parents. The average number of reported jobs after the
child's birth was 1.6 in cases versus 1.4 in controls (P = 0.06)
for the fathers and 0.9 in cases versus 0.7 in controls (P = 0.03)
for the mothers. Control parents were more likely to have blue
collar jobs and less likely to have white collar jobs compared to
case parents (Table 1) (P = 0.07).
Paternal Occupation. Results are reported in Table 2 for
industries and occupations previously associated with risk for
childhood brain tumors and for other interesting SIC and SOC
categories.
In the analysis of paternal occupations previously associated
with childhood brain tumors, no significant associations were
observed. Elevated odds ratios were observed for occupations
with paint exposure or in the paper or pulp mill industry, both
after the child's birth; for workers in the agricultural industry

before conception; and for printing workers in all three periods.
In analyses of subcategories, a significantly elevated odds ratio
was observed for electrical and electronic equipment repairers
in the preconception period. However, work in electrical assem
bling, installing, and repairing combined was not associated
with elevated risk. Results for graphic arts workers and the
petroleum industry are not shown in Table 2 since they were
based on fewer than 4 discordant pairs. We did not observe
elevated odds ratios in the analysis of occupations associated
with risk for other childhood cancers.
No significant differences were observed when paternal em
ployment was analyzed by groupings according to SIC and
SOC. Elevated odds ratios were observed for teachers, sales
occupations, clerical occupations, occupations in the mining
industry (primarily coal), and in retail trade. No significant
results were observed when analyses were performed for smaller
subgroups in the categories with case excesses.
Maternal Occupation. Results of occupations with elevated
odds ratios are reported in Table 3.
We studied maternal occupations previously associated with
risk for childhood cancer. Elevated although not significant
odds ratios were observed for hairdressers. Paternal occupations
birth was similar for case and control parents.
previously associated with increased risk were also studied in
Interview and Job Characteristics. The mother provided a the mothers, but no significant associations were observed.
proxy interview for 21 case fathers and 34 control fathers. Case
In the analyses of maternal occupations in categories accord
and control parents did not differ significantly in mean age at ing to the SIC and SOC schemes, we observed modestly but
first reported job, number of preconception jobs, or number of not significantly elevated odds ratios for retail trade, finance
jobs during pregnancy. However, both case fathers and mothers
and public administration, teaching, and nursing. For nurses,
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Cases. From the eight hospitals, 217 children diagnosed with
astrocytic glioma before age 15 were identified. Of these, 12
were excluded: 1 had no telephone and 11 biological mothers
were unavailable for interview. Of the 205 remaining cases, 23
could not be located and parents of 18 refused to participate.
One hundred sixty-four case mothers were interviewed; for one
of these, a control could not be located. The analysis includes
163 case and control mothers and 158 case and control fathers,
since no information was available on three case and two control
fathers.
Control Selection. Of the 163 controls, 115 (71%) were the
first eligible control identified. In 39 instances (24%), the first
eligible control refused and the second control identified was
used. The third eligible control was used in 7 instances (4%)
and the fourth in 2(1%).
Demographic Characteristics. Case parents were more likely
to have completed higher education than control parents. The
differences were not statistically significant (P - 0.39 and 0.27
in fathers and mothers, respectively), but a tendency toward
higher education of parents was observed (test for trend, P =
0.07 in both parents) (Table 1). Parental age at the index child's
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birth and the reference date (1 year prior to diagnosis for the
case, and for the control, the date on which the child reached
the same age as the corresponding case on his/her reference
date). Analysis of the preconception period was done consid
ering all jobs and considering only jobs held full time for at
least 2 years. The results for all jobs and jobs lasting 2 or more
years were compared to assess the possibility of recall bias
concerning short-term jobs held many years before the inter
view. The results differed little, and results for jobs held for at
least 2 years are presented unless otherwise stated. Analyses
were performed for two subgroups defined by age at diagnosis
of the case (0-4 years, 5-14 years), since some risk factors may
affect these age groups differently. The two case groups contain
approximately equal numbers of cases.
Demographic characteristics of cases and controls were com
pared by x2 McNemar's tests, and paired t tests. Odds ratios

Table 1 Parental educational level and general job category
Mothers*
Fathers"
(n= 163)
(n= 158)

PARENTAL OCCUPATION AND CHILDHOOD ASTROCYTOMA
Table 2 Selected results for paternal occupation
PreconceptionIndustry

CIC0.6-6.00.2-4.30.4-7.20.0-1.80.1-118.00.2-1.30.4-1.70.8-2.90.2-NC0.0-NC0.7-6.30.2-NC0.4-2.20.4-3.10.7-4.40.4occupationIndustryAgriculturalChemicalNewspaper
or
CI5:5
95%
CI0.7-6.30.3-10.70.3-4.20.0-5.30.6-237.10.2-1.40.5-2.21.0-5.30.9-NC0.7-NC0.1-3.100-NC0.4-2.80.2-2.30.5-3.60.0-78.40.3-1.70.4-1.80.3-3.70.4-26.20.4-26.20.5-5.11.0-8.30.7-8.14

tradeMining
industryOccupationPaint

0.2-4.35:4
0.7-6.35:4
0.7-6.30:2
0.0-5.32:0
0.2-NC2:14
0.0-0.6'13:17
0.3-1.823:8
1.1-7.82:0
0.2-NC1:0

exposureChemical

0.0-NC4:4

printingAerospacePaper
and
millTransportationConstructionRetail
and pulp

0.2-5.41:0

radiationMore
exposureLess
exposureElectromagnetic

0.0-NC9:8
0.4-3.48:9

fieldsDefinite
exposureProbable
exposureMotor

0.3-2.613:8
0.6-4.55:7

fumesMore
exhaust
exposureLess
exposureMetal-related

0.2-2.68:15
0.2-1.315:17

occupationElectrical

0.4-2.06:6

assembling, installing, and re
pairingElectrical

0.3-3.75:1

onlyPrinting
repairing

0.6-237.13:1

Downloaded from http://aacrjournals.org/cancerres/article-pdf/52/4/782/2449733/cr0520040782.pdf by guest on 11 August 2022

highexposureIonizing
and petroleum workers with

0.2-157.710:6

workersTeachersSalesClerical"

0.5-5.614:5
1.0-9.913:4

1.0-13.7PostnatalOR1.31.71.20.05.00.61.12.3NCNC0.6NC1.00.81.31.00.70
Odds ratio.OR"1.81.01.50.22.00.50.81.5NCNC1.3NC0.91.11.70.90.6I.I1.08.04.01.62.41.2Ratio*11:65:56:41:52:17:1418:2228:192:01:05:42:012:1310:917:1015:1712:2021:209:98:14:111:717:7
pairs.'
Ratio of case-exposed/control-unexposed
to case-unexposed/control-exposed
intervals.d
95% confidence
NC, not calculable.Table

occupationPreconceptionIndustry

3 Selected results for maternal

OR"IndustryRetail
or occupation

CIf0.6-2.30.3-1.70.4-3.60.4-2.60.7-8.11.1-356.10.4-26.2OR1.02.21.51.81.87.01.5PregnancyRatio15:159:49:611:69:57:13:295%
OR0.4-2.3
CI
CI0.8-4.60.6-7.50.6-10.00.5-6.80.5-6.
1.90.6-10.0
2.00.5-5.1
2.20.6-6.0

1.2Finance
trade industry
0.7Publicindustry
1.3tryOccupationTeacher
administration indus-

1NurseAll

1.80.5-6.8

1.

1.80.9-311.5
5.00.2-18.0

2.2Cases
cases
S.O*Hairdresser
0-4 years
2.5Ratio*25:2112:1710:814:1311:58:15:295%
" Odds ratio.
* Ratio of case-exposed/control-unexposed
to case-unexposed/control-exposed pairs.
' 95% confidence intervals.

3.0PostnatalRatio21:1110:59:49:59:55:13:195%

"P<0.05.

higher odds ratios were observed when the analysis was restricted to cases diagnosed before 5 years of age. The odds ratio
for the preconception period was statistically significant (odds
ratio, 8.0).

DISCUSSION
We have described our findings on parental occupation from
the first case-control study of a single histological type of
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not have had adequate power to detect the reported relative
risks. Another possibility is that the reported risk factors are
associated only with tumor types other than astrocytoma. Fi
nally, since most previously reported associations arose from
exploratory analyses, some of them are likely to have occurred
by chance. The results from this study suggest that some paren
tal occupations associated with childhood brain tumors in pre
vious studies may not be risk factors for childhood astrocytoma.

childhood brain tumor. Despite the homogeneous case group,
we observed very few significant findings. However, some fac
tors associated with increased risk are of interest in light of
previous observations. Case parents were more likely to have
completed higher education and to hold white collar and profes
sional jobs with no obvious carcinogenic exposure. The associ
ation with higher education and professional occupation may
reflect an increased incidence of childhood brain tumors in the
higher social classes, as has been reported for other childhood
cancers (8, 23) and adult brain tumors (40). Social class may be
associated with childhood cancer through occupational or other
exposures. Alternatively, as has been postulated, children in the
lower social classes may be more likely to die from some other
cause during the preclinical phase of their cancer or to have
their cancer misdiagnosed compared to other children (23).
While in adults the association between brain tumors and
professional jobs may be explained by a difference in access to
diagnostic services (41), pediatrie oncologists believe this prob
ably is not the case in children.
The possible risk to children of electrical workers or those
exposed to electromagnetic fields has been the subject of some
epidemiolÃ³gica! reports (2, 5, 11, 29, 34, 36, 37). In our study,
a significant association was observed with electrical or elec
tronic repairman during the preconception period. However,
this finding has to be interpreted very cautiously, since it was
based on only 9 discordant pairs and since we were unable to
replicate the previously observed elevated risk in the combined
group of electrical assembling, installing, and repairing (2).
Furthermore, odds ratios for electromagnetic field exposure
were only slightly elevated.
Elevated although not significant odds ratios were obtained
for a few other exposures previously reported to be associated
with childhood brain tumors: exposure to paint; occupation in
the paper and pulp mill industry (both predominantly in the
period after the birth of the child); agriculture; and the printing
industry. As observed in an earlier report on all childhood
cancers combined, more case than control fathers worked in
the mining industry (12).
Maternal occupation as a nurse was more common among
cases than controls. An elevated frequency of nervous system
cancers was seen among registered nurses in a previous study
(42) (odds ratio, 1.61). An exposure common to nurses could
be related to X-rays or other hospital-related factors. However,
other professionals working in hospitals did not seem to be at
increased risk.
For many occupational groupings, the power to detect odds
ratios of even 5.0 was low. However, for agricultural workers
and electrical assemblers, installers, and repairers, the power
was adequate for odds ratios of 5.0 or higher. The study had
sufficient power to detect an odds ratio of 3.0 for metal-related
occupations; occupations with exposure to electromagnetic
fields, ionizing radiation, and motor exhaust fumes; and occu
pations in the transportation and construction industries. These
minimum detectable odds ratios are in general higher than
those previously reported for these occupational groupings.
However, all of our cases were astrocytomas, while about onehalf of the cases in previous studies were astrocytomas. Thus
associations for risk factors specific for astrocytomas should
have been stronger in our study than in studies with more
heterogeneous case groups. Several possible explanations for
our negative results exist. Perhaps the previously suggested risk
factors are not specific for astrocytoma but apply equally to all
types of childhood brain tumors. In that case, our study would
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