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Occupational Exposure to 60-Hertz Magnetic Fields
and Risk of Breast Cancer in Women

Patricia F. Coogan,' Richard W. Clapp,' Polly A. Newcomb,? Thurman B. Wenzl,?
Greg Bogdan,* Robert Mittendorf,” John A. Baron,® and Matthew P. Longnecker’

We used data from a large population-based case-control study
to test the hypothesis that women whose “usual occupation”
entailed exposure to higher than background 60-Hz magnetic
tields had a higher risk of breast cancer than women without
such exposure. Breast cancer cases were identified from four
statewide tumor registries, and controls were randomly selected
tfrom lists of licensed drivers and Medicare beneficiaries. Infor-
mation on usual occupation and breast cancer risk factors was
obtained by telephone interview. We calculated adjusted odds
ratios from logistic regression models for women holding oc-
cupations with potential for low, medium, or high magnetic

field exposure, compared with background exposure. There was
a modest increase in risk for women with potential for high
exposure [odds ratio (OR) = 1.43; 95% confidence interval
(CI) = 0.99-2.09], and no increase for women with potential
for medium (OR = 1.09; 95% CI = 0.83-1.42) or low (OR =
1.02; 95% CI = 0.91-1.15) exposure. The risk among pre-
menopausal women in the highest-exposure category was
higher (OR = 1.98; 95% CI = 1.04-3.78) than for postmeno-
pausal women (OR = 1.33; 95% CI = 0.82-2.17).
(Epidemiology 1996;7:459 —-464)
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Breast cancer was first associated with exposure to power
trequency (50- or 60-Hz) magnetic fields in 1990-1991,
when three reports of excess breast cancer in male elec-
trical workers were published.!” These reports were fol-
lowed by four studies in men that offered little support
for the association.*~" Analyses of occupational exposure
and female breast cancer mortality by Loomis et al® and
Cantor et al’ on the same dataset yielded conflicting
interpretations. Nevertheless, interest has continued in
the subject, in part because a biological mechanism has
been proposed.!®!! In some species, exposure to mag-
netic fields inhibits the nightly synthesis of melatonin by
the pineal gland.'” This, in turn, may result in higher
levels of circulating estrogens, which could increase pro-
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liferation of breast stem cells.'° In addition, melatonin

inhibits breast cancer cell proliferation in wvitro,” an
effect blocked by 60-Hz magnetic fields.!'* Whether mag-
netic fields inhibit melatonin synthesis in humans, or
influence breast tumor development in women, remains
to be shown.!>1¢

[n the present report, we have used data from a large
population-based case-control study'”!'® to investigate
the association between occupations with potential for
exposure to 60-Hz magnetic fields and the incidence of
female breast cancer. Extensive information on breast
cancer risk factors allowed us to adjust risk estimates for
known potential confounders.

Methods
SELECTION OF CASES AND CONTROLS

Female residents of Maine, Wisconsin, Massachusetts,
and New Hampshire who were 74 vyears of age or
younger, and who were reported to the state cancer
registry with a newly diagnosed case of breast cancer
between April 1988 and December 1991, were eligible
for the study. New Hampshire subjects were enrolled
beginning in January 1990. Registry case ascertainment
rates are 95% in Massachusetts and Wisconsin and 90%
in Maine and New Hampshire.!”?° Cases without a listed
telephone number, or (if less than 65 years) without a
driver’s license, were excluded.

Controls less than 65 years old were randomly se-
lected from state driver’s license lists, and those 65-74
years old were randomly chosen from the Health Care
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TABLE 1.
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Occupations That Occur in the Study Population Categorized by

Exposure to 60-Hz Magnetic Fields above Background Levels and Their Clas-

sification in Three Other Exposure Schemes

Loomis
Occupation et al®*  Lin et al®t Milham?*}
High potential for exposure
Electrical/electronic engineers (055)§ 1 A
Computer system analysts/scientists (064)
Electrical/electronic technicians (213) | A 1
Computer equipment operators (308-309) 2 ]
Electronic/data processing equipment repairers ] B ]
(5235 525)
Electrical/electronic equipment assemblers (683)
Medium potential for exposure
Other engineers (044-054, 056-063) B, C
Statisticians and scientists (065-078)
Engineering technicians (214-216)
Computer programmers (229) 2
Billing, posting, and calculating machine operators
(344)
Communications equipment operators, nec|| (306, 2 1
348-353)
Electrical equipment repairers (526-534) 1 1
Electricians (555, 575-576) ] A 2
Machinists/tool and die makers (634—639) C
Precision inspectors, testers, and related workers
(689, 693)
Welders and cutters (783) B 2
Low potential for exposure
Accountants, underwriters, other financial officers
(689, 693)
Health diagnosing occupations (084-089)
Pharmacists (096)
Librarians (164)
Social scientists/urban planners (166-173)
Authors and technical writers (183, 184)
Hotel clerks/transportation ticket agents (317, 318)
Bookkeepers/financial clerks (337-343)
Office machine and communications equipment
operators (345-347)
Data entry keyers and statistical clerks (385, 386) 2
Elevator operators (454)
[ndustrial machinery repairers and maintenance
workers (518, 519)
Misc. mechanics and repairers (538-549) C
Dressmakers and tailors (666, 667)
Shoe repairers and apparel patternmakers (669,
673)
Optical goods, dental laboratory, medical appliance
technicians (677, 678)
Metalworking machine operators (703-705, 708—
709)
Heat-treating equipment, furnace, kiln, and oven
operators (724, 766)
Woodworking, textile, and shoe machine operators
(726-728, 744-745)
Printing machine operators (734, 736, 737)
Slicing and cutting machine operators (769)
Production inspectors, testers, and samplers (796—
798)
Operating engineers (844)
Background exposure
All other occupations
* 2-category scheme: 1 = “electrical occupations”; 2 = “other occupations with potential exposure.”
T 3-category scheme: A = “definite exposure”; B = “probable exposure”; C = “possible exposure.”
f 2-category scheme: 1 = “electromagnetic field exposure”; 2 = “electromagnetic field exposure and other
exposure.”

S Bureau of Census codes in parentheses.
| nec = not elsewhere classified.

Financing Administration’s list of Medicare
ries. Computer files of potential controls

sources were obtained annually. Controls were required
to have no history of breast cancer and to have a listed

beneficia-
from both

telephone number. In each state, the
controls were frequency matched by
5-year age intervals to the cases. De-
tailed methods of this study have been
described previously.!"18

Of all reported cases, 22% had no
phone number available, 3% had no
driver’s license, and 3% were ineligible
for other reasons (prior breast cancer,
did not speak English, or were missing
information on eligibility). Of 8,532 el-
igible cases, physicians refused contact
for 710 (8.3%), 463 (5.4%) had died, 66
(0.8%) could not be located, and 405
(4.7%) refused to be interviewed. Of all
potential controls, 27% had no phone
number available, less than 1% had no
driver’s license, and 3% were ineligible

for other reasons. Of 11,329 eligible
controls, 126 (1.1%) had died, 153
(1.2%) could not be located, and 1,521
(13.3%) refused to be interviewed. The

overall participation rates were 81% for
cases and 84% for controls, with a final

study population of 6,888 cases and
9,529 controls.

INFORMATION COLLECTED AT INTERVIEW

A 25-minute telephone interview ob-
tained information on usual occupa-
tion, asked in one question: “What job
IS most representative of your occupa-
tion during your lifetime?” If the occu-
pation was not clear, the subject was
asked: “What duties did that job in-
volve?” and “What industry was this
job in!” Information was also obtained
on reproductive history and other
breast cancer risk factors. Subjects
were requested not to discuss their
medical history until the end of the
interview. Interviewers were not aware
of subject disease status until the end
of the interview for 74% of the cases
and 90% of the controls.

ExPOSURE CLASSIFICATION

Usual occupation and industry were
coded according to 1980 Bureau of the
Census 3-digit occupation codes. We
translated the codes into three catego-
ries with potential for exposure to
00-Hz magnetic fields above back-
cround levels (low, medium, and
high). We aggregated all other occu-

pations into a single reference group called “back-
ground.” An industrial hygienist (T. B. W.) developed
the exposure scheme. Occupational coding and exposure
classification were done blindly as to subject case status.
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TABLE 2. Odds Ratios (OR) and 95% Confidence Intervals (CI) for 3 Categories of Exposure to 60-Hz Magnetic Fields

Potential for Simple Multivariate

Exposure Cases Controls OR* 95% CI ORT 95% CI
Background 6,113 8,454 1.00 Referent 1.00 Referent
Low 577 813 1.05 0.93-1.18 1.02 0.91-1.15
Medium 104 143 1.10 0.85-1.43 1.09 0.83-1.42
High 57 65 1.42 0.98-2.05 1.43 0.99-2.09

* Adjusted for age and state. P-value for trend = 0.06.

 Adjusted for age, state, body mass index (weight in kg/height in m?) (<21.5, 21.5-23.8. 23.9-26.7. >126.7, missing), benign breast disease (yes, no, unknown), family
history of breast cancer (yes, no, unknown), menopausal status (pre-, post-, unknown), age (years) at menarche (<11, 11-12, 13-14, =15, missing), parity (nulliparous,
l, 2, 3, =4, missing), age (years) at first birth (<20, 20-24, 25-29, =30, missing), education (< high school, high school graduate, some college, college graduate,
missing), and alcohol consumption (gm/day) (=4.75, 4.76-19.6, 19.7-60.4, >60.4. missing). P-value for trend = 0.11.

Occupations in this study population with potential
for exposure above background are listed in Table 1.
Magnetic fields are generated by flowing electrical cur-
rent, especially in multiple coils of wire, so typical
sources include small motors, fluorescent light ballasts,
and cathode ray tube displays. Since magnetic fields fall
off rapidly with distance, close proximity to the source is
necessary for elevated exposure to occur.

We ranked occupations based on three consider-
ations: (1) strength of the potential magnetic field
source, (2) proximity of work station to the source, and
(3) how frequently a worker is at the work station
proximate to the source. Overall, this scheme is similar,
but not identical, to those used in previous studies of
occupational exposure to magnetic fields (Table 1).821:22
Most occupations in the high- and medium-exposure
categories are considered exposed by other authors. The
low-exposure category, however, includes occupations
that were not considered exposed by other authors.

STATISTICAL ANALYSIS

We used conditional logistic models stratified on age
and state to accommodate the different age distribution
of the cases and controls in each state.”” Odds ratios
adjusted for age and state (the matching variables) were
estimated for the three categories of exposure compared
with the background group. We evaluated trend in the
relative risks by including the exposure level as a single
ordinal variable in the models. In the conditional logis-
tic regression analyses, we controlled for potential con-
founding by family history of breast cancer, alcohol
consumption, body mass index, menopausal status, edu-
cation, history of benign breast disease, age at menarche,
parity, and age at first birth. We specified each variable
with a series of indicator variables, including a category
for subjects with missing data.

We determined menopausal status on the basis of

history of natural menopause or bilateral oophorectomy.
We classified women with a hysterectomy who had a
least one remaining ovary as premenopausal if the ref-
erence age was in the first decile of age at natural
menopause, as postmenopausal if this age was the high-
est decile of age at natural menopause, or as menopausal
status unknown if the age was intermediate. Deciles of
age at natural menopause (12 months without menses)
were smoking status specific.!”!8

Results

The majority of the study population was white (98.4%).
Most subjects were from Wisconsin (3,789 cases, 3,999
controls) followed by Massachusetts (1,847 cases, 3,050
controls), Maine (699 cases, 1,559 controls), and New

Hampshire (553 cases, 921 controls). Fifty seven per

cent of cases (N = 3,902) and 51% of controls (N =
4,845) were over 60 years old, and 86% of cases (N =
5,880) and 87% of controls (N = 8,216) had borne at
least one child. Established breast cancer risk factors
showed associations of the expected magnitude and di-
rection, as have been described elsewhere.!?

Seventy six per cent of cases (N = 5,223) and 76% of
controls (N = 7,236) reported a usual occupation out-
side the home. Twenty three per cent of cases and of
controls reported their usual occupation as housewife
(1,612 cases, 2,219 controls), and less than 1% (16 cases,
20 controls) reported that they were volunteers, stu-
dents, or never worked owing to disability. Ninety-one
subjects (37 cases and 54 controls) were missing codable
occupational information.

Relative to women with background exposure only, a
43% increase in breast cancer risk was present in the
highest-exposure category [odds ratio (OR) = 1.43; 95%
confidence interval (CI) = 0.99-2.09] (Table 2). The
relative risks for the medium- (OR = 1.09; 95% CI =
0.83-1.42) and low- (OR = 1.02; 95% CI = 0.91- 1.15)
exposure categories did not differ appreciably from unity.
The multivariate adjusted relative risks for the three
categories differed only slightly from those adjusted for
age and state alone (Table 2).

The reference group (background exposure) to which
exposed subjects were compared included all subjects,
whether they worked outside the home or not. We
repeated the analyses after excluding women who re-
ported their usual occupation as housewife, student, or
volunteer, or who never worked owing to disability
(1,628 cases, 2,241 controls), and the relative risks were
essentially identical to those shown in Table 2 (data not
shown). Likewise, when we excluded subjects reporting
occupations with potential exposure to ionizing radia-
tion (41 cases, 65 controls), the relative risks did not
change appreciably.

Premenopausal women in the highest-exposure group
had twice the estimated risk of breast cancer as those in

the background group (OR = 1.98; 95% CI = 1.04-
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TABLE 3. Odds Ratios (OR) and 95% Confidence Intervals (CI) for 3 Categories of Exposure to 60-Hz Magnetic Fields

by Menopausal Status

Potential for Simple Multivariate
Exposure Cases Controls OR* 95% CI ORT 95% Cl
Premenopausal
Backgr%und 1,295 2,414 1.00 Referent 1.00 Referent
Low 91 198 0.93 0.71-1.22 0.91 0.69-1.20
Medium 18 39 0.80 0.45-1.43 0.82 0.45-1.47
High 20 24 1.84 0.98-3.44 1.98 1.04-3.78
Postmenopausal
Background 4,588 5,692 1.00 Referent 1.00 Referent
Low 462 592 1.04 0.91-1.19 1.01 0.89-1.16
Medium 78 100 1.14 0.84-1.55 1.10 0.80-1.50
High 35 37 1232 0.81-2.13 .33 0.82-2.17

* Adjusted for age and state (the matching variables). P-value for trend = 0.54 (premenopausal), 0.17 (postmenopausal).

T Adjusted for age, state, body mass index (weight in kg/height in m?) (<21.5, 21.5-23.8, 23.9-26.7, >26.7, missing), benign breast disease (yes, no, unknown), family
history of breast cancer (yes, no, unknown), age (years) at menarche (<11, 11-12, 13-14, =15, missing), parity (nulliparous, 1, 2, 3, =4, missing), age (years) at first
birth (<20, 20-24, 25-29, =30, missing), education (< high school, high school graduate, some college, college graduate, missing), and alcohol consumption (gm/day)
(=4.75, 4.76-19.6, 19.7-60.4, >60.4, missing). P-value for trend = 0.49 (premenopausal), 0.30 (postmenopausal).

3.78) (Table 3). Relative risks were below unity for the
medium- (OR = 0.82; 95% CI = 0.45-1.47) and low-
(OR = 0.91; 95% CI = 0.69-1.20) exposure categories.
Among postmenopausal women in the highest-exposure
category, the relative risk was only slightly elevated
(OR = 1.33; 95% CI = 0.82-2.17), and relative risks
were essentially unity for the medium- (OR = 1.10; 95%
Cl= 0.80—1.50) and low- (OR .= 1.01: 95% CI =
0.89-1.16) exposure categories. Multivariate adjustment
changed the simple relative risks only slightly (Table 3).
The P-value for the interaction term combining meno-
pausal status and exposure was 0.46.

For specific occupations in the high- and medium-
exposure categories, we calculated relative risks if there
were at least 10 subjects (Table 4). In the highest-
exposure category, computer equipment (mainframe)
operators had an elevated relative risk of 1.79 (95%
Cl = 1.03-3.11), whereas the relative risk for electric/
electronic equipment assemblers was not appreciably
elevated. In the medium-exposure category, no occupa-
tions had strongly elevated relative risks except “preci-
sion inspectors, testers, and related workers” (OR =
7.99; 95% CI = 1.69-37.84), but this estimate was
based on only 9 cases and 2 controls. Engineering tech-
nician and computer programmers had unstable relative
risks less than unity.

Discussion

[n this large case-control study, women who reported a
usual occupation with potential for high exposure to
60-Hz magnetic fields had a 43% increased risk of breast
cancer, compared with women with background expo-
sure. Relative risks for the medium- and low-exposure
categories were not substantially elevated. Premeno-
pausal women in the highest-exposure category had a
twotold elevated relative risk.

An association between breast cancer mortality and
residential exposure estimated from wiring configura-
tions was reported among women in Denver,?* but not in
two European studies.”*® In a study of electric blanket
use, there were slight risk increases in premenopausal

(OR = 1.43; 95% CI = 0.94-2.17)%" and postmeno-
pausal (OR = 1.46; 95% CI = 0.96-2.20)*® women who
used them throughout the night, but the association was
diminished when a more restricted definition of high use
was used.

Two Scandinavian cohorts with possible occupational
exposure to magnetic fields had slight deficits of female
breast cancer mortality”’ and incidence.* In the United
States, an analysis of death certificate data found a 38%
(95% CI = 1.04-1.82) relative increase in proportional
breast cancer mortality among woman who held electri-
cal occupations.® A similar analysis of the same database
augmented by an additional year of data and using dif-
ferent exposure definitions, however, concluded that
there was no association.” The earlier study reported a
slight deficit of breast cancer risk for computer equip-
ment operators (Bureau of the Census code 308) (OR =
0.88; 95% CI = 0.70-1.10), based on 99 cases and 354
controls, which conflicts with our finding of an in-
creased risk for this occupation.

The similarity of the simple and multivariate risk
estimates indicates that breast cancer risk factors in-
cluded in the multivariate model do not meaningfully
confound the association. Although some unknown risk
factor that occurs in occupations with potential for high
exposure may have caused the observed effects, exposed
occupations do not share exposures to agents known or
suspected to cause breast cancer.® Despite the large study
population and high response rates, few women were in
the highest-exposure group or in specific occupations of
interest. Consequently, our relative risk estimates are
somewhat imprecise, and we cannot exclude chance as
an explanation for the observed risk increases.

A major limitation of this study is misclassification of
exposure. kExposure is based on one occupational code,
based on the subject’s response to a question about “most
representative” occupation. Since all subjects were in-
terviewed, the responses are an improvement over oc-
cupations coded from death certificates used in other
studies.®” A more fundamental issue, however, is how
accurately exposure categories reflect exposure to mag-
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TABLE 4. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Specific Occupations in High- and Medium-Exposure
Categories with at Least 10 Subjects

Simple Multivariate
Occupation Cases Controls OR* 95% CI ORT,% 95% CI
High potential for exposure
Computer equipment operators (308) 31 26 1.80 1.04-3.12 1.79 1.03-3.11
EleE%tBrgc)/electronic equipment assemblers 20 27 1.19 0.66-2.14 1.20 0.66-2.18
Medium potential for exposure
Other engineers (44-54, 56-63) 4 6 1.18 0.33-4.26
Welders and cutters (783) 6 6 1.28 0.41-4.05
Communications equipment operators 57 74 1.15 0.80-1.64 1.13 0.79-1.63
(306, 348-353)
Machinists, tool and die makers (634-639) 6 - 1.67 0.45-6.17
Statisticians and scientists (65—78) 12 15 1.22 O55=2.7 1:22 0.54-2.75
Precision inspectors, testers, and related 9 2 7.99 1.69-37.84
workers (689, 693)
Engineering technicians (214-216) 4 12 0.67 0:21-2.15
Computer programmers (229) 3 10 0.43 0.12-1.59
* Reference group for all ORs is background exposure group. Adjusted for age and stare.
 Adjusted for age, state, body mass index (weight in kg/height in m?) (<21.5, 21.5-23.8, 23.9-26.7. >16.7, missing), benign breast disease (yes, no, unknown), family
history of breast cancer (yes, no, unknown), menopausal status (pre-, post-, unknown), age (years) at menarche (<11, 11-12, 13-14, =15, missing), parity (nulliparous,

L, Z, 3, =4, missing), age (years) at first birth (<20, 20-24, 25-29, =30, missing), education (< high school, high school graduate, some college, college graduate,
missing), and alcohol consumption (gm/day) (=4.75, 4.76-19.6, 19.7-60.4, >60.4. missing).

* Multivariate ORs calculated only when there were at least 25 subjects.

netic fields.'® Although workers in electrical occupations
have higher exposures to magnetic fields than nonelec-
trical workers,”?%3! there is considerable variation in
exposure between occupations included in the same
aggregate exposure category, and also within the same
occupation. !

Other sources of misclassification include lack of in-
formation on jobs missed by the “usual occupation”
response and on the duration and timing of exposure. In
this group of older women, an occupation reported as
“usual” may have been a job held for a short time. The
occupation may have had high exposure, but the actual
accrued exposure could be minimal. Such misclassifica-
tion may have diluted the association in postmenopausal
women, compared with premenopausal women. Or, the
smaller effect in postmenopausal women may indicate
that the different estrogen environments in pre- and
postmenopausal women may modulate an effect of mag-
netic fields, if any.

Finally, we lacked information on nonoccupational
sources of exposure. The major source of domestic ex-
posure to magnetic fields is related to the power distri-
bution network and the use of appliances.’” Our analysis
assumes that occupational exposure to magnetic fields in
jobs with elevated exposure consistently exceeds nonoc-
cupational exposure. Data support this assumption in the
electric utility industry’®® and in a number of other
exposed occupations.’

Although misclassification of exposure status is the
major limitation of this study, it was likely to have been
nondifferential and thus to have underestimated, rather
than overestimated, the true risk.?’

Overall, these data indicate that there may be a mod-
est association between occupational exposure to mag-
netic fields and risk of breast cancer in women. The
question remains whether the excess risks in these data
reflect exposure to magnetic fields, some other, uniden-

titied characteristic of women in these occupations, or
random variation.

Acknowledgments

We are indebted to Brian MacMahon, Barry Storer, E. Robert Greenberg, Walter
Willett, Pamela Marcus, and Amy Trentham-Dietz; to the staffs of the Wiscon-
sin Cancer Reporting System, the Massachusetts Cancer Registry, the Maine
Cancer Registry, and the New Hampshire Cancer Registry; and to Amy Bene-
dict, Emogene Dodsworth, Felicia Roberts, Lisa Sieczkowski, Debra Savage,
Maureen D’Alessandro, Lorraine Carey, Roxanne Haecker, Kathleen O'Brien,
Megan O’Brien, Tracey Westbrook, Betty Nelson, Jean Dodge, Ron Bruno, and
Barbara Weitz for data collection and management.

References

. Demers PA, Thomas DB, Rosenblatt KA, Jiménez LM, McTiernan A,
Stalsberg H, Stemhagen A, Thompson WD, Curnen MGM, Satariano W,
Austin DR, Isacson P, Greenberg RS, Key C, Kolonel LN, West DW.
Occupational exposure to electromagnetic fields and breast cancer in men.
Am ] Epidemiol 1991:134:340-347.

2. Matanoski GM, Breysse PN, Elliot EA. Electromagnetic field exposure and
male breast cancer. Lancet 1991;337:737.

3. Tynes T, Andersen A. Electromagnetic fields and male breast cancer. Lancet
1990;336:1596.

4. Guenel P, Raskmark P, Anderson |B, Lynge E. Incidence of cancer in
persons with occupational exposure to electromagnetic fields in Denmark.
Br | Ind Med 1993,50:758-764.

5. Loomis DP. Cancer of breast among men in electrical occupations. Lancet
1991;339:1482-1483.

6. Rosenbaum PF, Vena JE, Zielezny MA, Michalek AM. Occupational expo-
sures associated with male breast cancer. Am ] Epidemiol 1994;139:30-36.

{. Thériault G, Goldberg M, Miller AB, Armstrong B, Guenel P, Deadman J,
Imbernon E, To T, Chevalier A, Cyr D, Wall C. Cancer risks associated with
occupational exposure to magnetic fields among electric utility workers in
Ontario and Quebec, Canada, and France: 1970-1989. Am | Epidemiol
1994;139:550-572.

8. Loomis DP, Savitz DA, Ananth CV. Breast cancer mortality among female
electrical workers in the United States. | Natl Cancer Inst 1994:86:921-925.

9. Cantor KP, Dosemeci M, Brinton LA, Stewart P. Re: Breast cancer mortality
among female electrical workers in the United States (Letter). ] Natl Cancer
[Inst 1995;87:227-228.

10. Stevens RG. Electric power use and breast cancer: a hypothesis. Am ]
Epidemiol 1987;125:556-561.

L1. Stevens RG, Davis S, Thomas DB, Anderson LE, Wilson BW. Electric power,
pineal function, and the risk of breast cancer. FASEB ] 1992:6:853—860.

IZ2. Reiter R]. Static and extremely low frequency electromagnetic field expo-




464 COOGAN ET AL

B

14.

Lt

16.

/i

18.

L)

20.

21.

22,

2\

sure: reported effects on the circadian production of melatonin. ] Cell
Biochem 1993;51:394—-403.

Hill SM, Blask DE. Effects of the pineal hormone melatonin on the prolif-
eration and morphological characteristics of human breast cancer cells
(MCEF-7) in culture. Cancer Res 1988;48:6121-6126.

Liburdy RP, Sloma TR, Sokolic R, Yaswen P. ELF magnetic fields, breast
cancer, and melatonin: 60 Hz fields block melatonin’s oncostatic action on
ER+ breast cancer cell proliferation. | Pineal Res 1993;14:89-97.

Reiter R]. Electromagnetic fields and melatonin production. Biomed Phar-
macother 1993;47:439—-444.

Savitz DA, Pearce N, Poole C. Update on methodological issues in the epide-
miology of electromagnetic fields and cancer. Epidemiol Rev 1994;15:558 -566.
Newcomb PA, Storer BE, Longnecker MP, Mittendorf R, Greenberg ER,
Clapp RW, Burke KP, Willett WC, MacMahon B. Lactation and a reduced
risk of premenopausal breast cancer. N Engl ] Med 1994;330:81-87.
Longnecker MP, Newcomb PA, Mittendorf RM, Greenberg ER, Clapp RW,
Bogdan GR, Baron ], MacMahon B, Willett WC. Risk of breast cancer in
relation to lifetime alcohol consumption. ] Natl Cancer Inst 1995;87:923—
929.

American Association of Central Cancer Registries. Listing of Members of
American Association of Central Cancer Registries. Bethesda, MD: Amer-
ican Association of Central Cancer Registries, 1988.

New Hampshire State Cancer Registry. Cancer in New Hampshire. Rep.
No. 93-012. Concord: New Hampshire Division of Public Health Services,

1993.

Lin RS, Dischinger PC, Conde ], Farrell KP. Occupational exposure to
electromagnetic fields and the occurrence of brain tumors. | Occup Med
1985;27:413—-415.

Milham S Jr. Mortality in workers exposed to electromagnetic fields. Envi-
ron Health Perspect 1985;62:297-300.

Breslow NE, Day NE. Statistical Methods in Cancer Research. vol. 1. The

Analysis of Case-Control Studies. IARC Scientific Pub. No. 32. Lyon:
International Agency for Research on Cancer, 1980.

24.
2.

26.

21

28.

25.

30.

31.

32,

5

34.

5 o

Epidemiology ~September 1996, Volume 7 Number 5

Wertheimer N, Leeper E. Magnetic field exposure related to cancer subtypes.
Ann NY Acad Sci 1987;502:43-53.

MacDowall ME. Mortality of persons resident in the vicinity of electricity
transmission facilities. Br ] Cancer 1986;53:271-279.

Schreiber GH, Swaen GMH, Meihers ]MM, Slangen JJM, Sturmans F.
Cancer mortality and residence near electricity transmission equipment: a
retrospective cohort study. Int ] Epidemiol 1993;222:9-15.

Vena JE, Freudenheim JL, Marshall JR, Laughlin R, Swanson ], Graham S.
Risk of premenopausal breast cancer and use of electric blankets. Am ]
Epidemiol 1994;140:974-979.

Vena JE, Graham S, Hellmann R, Swanson M, Brasure J. Use of electric
blankets and risk of postmenopausal breast cancer. Am ] Epidemiol 1991;
134:180-185.

Vagaro D, Ahlbom A, Olin R, Sahlsten S. Cancer morbidity among workers
in the telecommunications industry. Br ] Ind Med 1985;42:191-195.
Deadman JE, Camus M, Armstrong BG, Heroux P, Cyr D, Plante M,
Thériault G. Occupational and residential 60-Hz electromagnetic fields and
high-frequency electric transients: exposure assessment using a new dosim-
eter. Am Ind Hyg Assoc | 1988;49:409-419.

London SJ, Bowman ]D, Sobel E, Thomas DC, Garabrant DH, Pearce N,
Bernstein L, Peters JM. Exposure to magnetic fields among electrical workers
in relation to leukemia risk in Los Angeles County. Am | Ind Med 1994;
26:47-60.

Savitz DA, Pearce NE, Poole C. Methodological issues in the epidemiology
of electromagnetic fields and cancer. Epidemiol Rev 1989;11:59-78.

Flynn MR, West S, Kaune W, Savitz DA, Chu CC, Loomis DP. Validation
of expert judgment in assessing occupational exposure to magnetic fields in
the utility industry. Appl Occup Environ Hyg 1991;6:141-145.

Bowman JD, Garabrant DH, Sobel E, Peters J]M. Exposures to extremely low
frequency (ELF) electromagnetic fields in occupations with elevated leuke-
mia rates. Appl Ind Hyg 1988;3:189—-194.

Birkett NJ. Effect of nondifferential misclassification on estimates of odds
ratios with multiple levels of exposure. Am ] Epidemiol 1992;136:356 -
362.




