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Abstract: In a nested case-control study of nuclear workers, 82
brain cancer cases were compared with 328 matched controls to
investigate the possible association with nonoccupational risk factors
such as histories of epilepsy or head injury. We observed a moder-

Introduction
Results of several epidemiologic studies have suggested

that people with a history of epilepsy" or of head injury3'5-6
have higher brain cancer rates than people without such
histories, although results of two studies do not support this
pattern. 7.8

To investigate further the association between brain
cancer and histories of epilepsy, head injury, or other
nonoccupational factors, we analyzed medical histories for
brain cancer cases and controls all of whom were selected
from approximately 66,000 White workers employed any
time between 1943 and 1977 at two nuclear facilities in Oak
Ridge, Tennessee. Workers at the Y12 Plant (the Y12 cohort)
under the management of the Tennessee Eastman Corpora-
tion from 1943 to 1947 were involved in the enrichment of
uranium 235 in the form of uranium tetrachloride via an
electromagnetic process and the subsequent conversion to
uranium tetrafluoride.9 After 1947, the Y12 Plant was oper-
ated until 1984 by the Union Carbide Corporation, and
workers were primarily involved in fabrication and certifi-
cation of components for nuclear weapons. '0 Workers at the
Oak Ridge National Laboratory (the ORNL cohort) have
been involved in research and the development of technology
for production of energy. "

An advantage of this study compared with other types of
case-control studies is that the possibility of "recall bias" is
remote because data were recorded before diagnosis of brain
cancer, and under similar conditions and for similar reasons
for cases and controls.

Methods
Study Population

Cases were 67 White male and 15 White female workers
who, according to death certificate information, died of
primary malignant tumors of the brain (ICDA 8th revision
code 191) between 1943 and 1979. For each of the 82 cases,
four controls were selected who matched the case on race,
sex, cohort (Y12 or ORNL), year of birth, and year of hire.
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ately strong association between brain cancer occurrence and history
of epilepsy (OR = 5.7, 95 per cent CI: 1.0, 32.1), but did not find a
positive association with previous head injury (OR = 0.9, 95 per cent
CI: 0.2, 4.2). (Am J Public Health 1987; 77:1180-1182.)

Data Collection
Information on demographic variables and other char-

acteristics including race, sex, birth date, date and cause of
death (if dead), socioeconomic status (using pay code as a
surrogate), and job title had been abstracted previously,
primarily from personnel files.'2 Each job title was assigned
a "job classification" code (professional, skilled, or unskilled
[PSUI), based on assumed educational requirements for the
job. The PSU code was also used as a surrogate measure of
socioeconomic status.

Medical records of cases and controls maintained at each
facility provided information, for most study subjects, con-
cerning histories of epilepsy and head injury. These medical
data reflected information obtained from pre-employment
medical histories and health status during employment.
Information about epilepsy ("Have you suffered from epi-
lepsy?" yes or no) and head injury ("Did you have a head
injury?" yes or no) was self-reported on the history form. The
date of diagnosis of epilepsy or date of and severity of head
injury was not available from these medical records. The
medical records also provided information about blood group
(ABO and Rh), tobacco use (any use of tobacco-yes or no),
and alcohol consumption (yes or no), although this informa-
tion had been recorded for relatively few subjects. Medical
records were abstracted without knowledge of the case-
control status of the workers.

For monitored workers, film badge readings were
summed over each calendar year to calculate the annual
external radiation dose. For each member of a matched set,
annual doses were summed to calculate a cumulative dose up
to the year of death of the case.'2 Nonmonitored workers
were considered unexposed.

Analysis
Matched conditional logistic regression analyses for

categorical exposure variables were conducted using a SAS
program (PHGLM), 13 and interpreted as described by
Breslow and Day.'4 The logistic regression model was used
to control for potential confounding by socioeconomic status.
Confidence intervals are approximate because the number of
discordant matched sets generally is small. Matched sets
were included in the analyses only if information was avail-
able for the case and at least one of the corresponding
controls. Because brain cancer can cause epilepsy, in some
analyses we allowed for five-year, 10-year, and 15-year
latency periods by excluding the positive history of epilepsy
five, 10, or 15 years prior to the death of case, respectively,
for cases and their matched controls. 15
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Results
The proportion of skilled workers was higher among the

cases (81 per cent) than among the controls (72 per cent)
(Table 1). Fifty-six (68 per cent) cases were known to have
had malignant tumors of glial origin, of which 21 (38 per cent)
were glioblastomas and 20 (36 per cent) were astrocytomas.

The odds ratio, comparing brain cancer occurrence
among those with history of epilepsy with that among
subjects without such a history, was 5.7 (95 per cent CI: 1.0,
32. 1, cases = 4) (Table 2), which remained unchanged when
analysis was repeated to adjust for the effect of external
radiation or socioeconomic status. After allowing for a
five-year latency period, the odds ratio was 3.1 (95 per cent
CI: 0.4, 22.4, cases = 2), and the odds ratio after allowing for
10-year and 15-year latency periods was 1.8 (95 per cent CI:
0.2, 20.1, cases = 1). After controlling for head injury, the
odds ratio was 6.5 (95 per cent CI: 1. 1, 38.6, cases = 4). When
restricted to brain cancer cases of glial origin, the matched
odds ratio was infinite because four cases but none of the
matched controls reported history of epilepsy in this group (p
= 0.002).

The odds ratio comparing brain cancer occurrence
among workers with a history of head injury with that among
those without was 0.9 (95 per cent CI: 0.2, 4.2, cases = 2)
(Table 2). When restricted to brain cancer of glial origin, the
odds ratio was 1.4 (95 per cent CI: 0.3, 7.2, cases = 2).

The odds ratio comparing workers paid hourly with
salaried workers was 1.5 (95 per cent CI: 0.7, 3.3, cases = 70).
Similarly, the risk of brain cancer was increased for the
skilled workers (OR = 1.6, 95 per cent CI: 0.7, 3.7, cases =
66) when compared to the professional workers (Table 2).
Odds ratios for other factors, except for Rh blood factor,
were near unity (Table 2).

Odds ratios for all these factors remained unchanged
when controlled for the socioeconomic status.

Discussion

We observed a moderately strong association between
brain cancer and history of epilepsy, although confidence
intervals were wide, reflecting the low prevalence of epilepsy
and the modest number of subjects studied. These results are

TABLE 1-Distribution of Cases and Controls

Cases Controls
Variable Level No. (%) No. (%)

Total 82 (100.0) 328 (100.0)
Sex* Male 67 (82.0) 268 (82.0)

Female 15 (18.0) 60 (18.0)
Cohort* Y12 66 (81.0) 264 (81.0)

ORNL 10 (12.0) 40 (12.0)
Multit 6 (7.0) 24 (7.0)

Age at Hire* Mean 33.6 years 33.6 years
Median 33.0 years 33.0 years

Age at Death for
Cases Mean 52.5 years

Median 52.3 years
SES (Pay Code) Hourly 70 (85.0) 268 (82.0)

Monthly 12 (15.0) 60 (18.0)
SES (PSU) Professional 10 (12.0) 50 (15.0)

Skilled 66 (81.0) 236 (72.0)
Unskilled 6 (7.0) 42 (13.0)

'Matching factors
tWorked in both the Y12 and ORNL cohorts

TABLE 2-Matched Univariate Analyses for Nonoccupational Risk Fac-
tors

Odds 95% Confidence No. of No. of
Variable Level Ratio Interval Cases Controls

Epilepsy No 1.0 - 65 249
Yes 5.7 1.0-32.1 4 2

Head Injury No 1.0 - 80 319
Yes 0.9 0.2-4.2 2 9

Tuberculosis No 1.0 - 72 276
Yes 1.1 0.2-5.6 2 7

ABO blood
group 0 1.0 - 15 52

A 1.0 0.4-2.4 10 38
B 0.6 0.1-3.3 2 10
AB 0.6 0.1-5.5 1 6

RH factor Neg 1.0 - 2 19
Pos 2.9 0.6-13.0 25 81

Tobacco
Use No 1.0 - 16 47

Yes 1.1 0.5-2.7 25 57
Alcohol Use No 1.0 - 30 66

Yes 0.6 0.2-2.4 7 26
SES (Pay

code) Monthly 1.0 - 12 60
Hourly 1.5 0.7-3.3 70 268

SES (PSU) Professional 1.0 - 10 50
Skilled 1.6 0.7-3.7 66 236
Unskilled 0.8 0.2-2.5 6 42

consistent with those of at least three other studies, 1-3
although Choi, et al,7 failed to find such an association.

A possible explanation for the association of brain
cancer with a history of epilepsy may be that epilepsy is
causally related to the development of brain cancer, perhaps
by increasing the permeability of the blood brain barrier to
blood-borne carcinogens at the focus of the seizure.' Other
possibilities may be that a common etiologic factor causes
both epilepsy and brain cancer, or that a slow-growing brain
cancer such as astrocytoma causes seizures for some time
before its diagnosis.3 The unavailability of date of diagnosis
ofepilepsy made it difficult to estimate the odds ratio for brain
cancer after allowing for various latency periods. Even
though odds ratios remained elevated when allowance was
made for five-, 10-, or 15-year latency periods, these esti-
mates are based on only one or two cases and are, therefore,
unstable statistically.

A weakness of this study, as with most epidemiologic
studies,'6 is the potential for misclassification of subject's
exposure and/or disease status. Histories of epilepsy and of
head injury were abstracted from the same historical records,
created prior to death of the case, for cases and controls so
that misclassification of epilepsy or of head injury is likely to
have been nondifferential. Bias resulting from such nondif-
ferential misclassification would be toward the null implying
that our results for epilepsy might well have been stronger, if
history of epilepsy were not subject to misclassification. In
fact, otut use of historical records to determine history of
epilepsy is more objective and probably less subject to
differential misclassification than the methods used in some
previous studies.3'8

Results of this study do not support the hypothesis that
head injury increases the risk of brain cancer, consistent with
results of Choi, et al,7 and of Ahlbom, et al.8 However,
Hochberg, et al,3 found an association between head trauma
and development of glioblastoma, and Preston-Martin and
colleagues5 6 demonstrated an association between head
injury and development of meningiomas.
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Several reasons may explain our failure to find an
association between head injury and brain cancer. First, no
causal relationship may exist between head injury and brain
cancer, or the association may be weak and therefore difficult
to detect in a study of modest size such as this. Second,
history of head injury, noted on a medical history form
completed by the study subject, may have been incompletely
or inaccurately reported. Also a mild head injury that had
occurred in the immediate past may have been remembered
by a study subject, while a similar injury that had occurred a
few years back may have been missed by other subjects.
Furthermore, diagnosis of brain cancer based primarily on
death certificates could be inaccurate. Each of these latter
possibilities would result in misclassification and if nondif-
ferential, would bias the odds ratios towards unity.

The matched study design and matched analyses pre-
cluded confounding by several demographic factors including
age, sex, cohort, and socioeconomic status, although the
possibility remains that unidentified factors could have con-
founded the results. Selection bias, a potentially important
source of bias particularly in case-control studies, is probably
of less importance in this study than in many other case-
control studies because of the nested study design and
because of the relatively complete follow-up of the cohorts
from which subjects were selected.

The odds ratio of 1.0 comparing risk of brain cancer
among people with blood group A with that among people
with blood group 0 is consistent with results oftwo published
studies,7 17 although other researchers estimated a higher risk
among people with blood group A.'8" 9 Although we found
increased risk associated with Rh positivity, the width of our
confidence limits make our results consistent with those of
Choi, et al,7 who reported no association. For the remaining
risk factors reported here, little association was found with
brain cancer mortality.

Identification of cases was based on information con-
tained on death certificates, information which could be
confirmed for only a small percentage of cases. Since this
information may be inaccurate, disease status may have been
misclassified. Again, if misclassification of disease were
nondifferential, then associated bias would be toward the null
implying that our results for epilepsy would likely have been
stronger with perfectly accurate information. On the other
hand, if decedents with a history of epilepsy were more likely
than other decedents to have death attributed to brain cancer,
then a positive bias could have been introduced.
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