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Brain Tumor Risk in Children in Relation to Use of Electric Blankets and
Water Bed Heaters

Results from the United States West Coast Childhood Brain Tumor Study

Susan Preston-Martin," James G. Gumey,? Janice M. Pogoda,® Elizabeth A. Holly,* and Beth A. Mueller®

The possible relation between the occurrence of brain tumors in children and exposure to electric blankets
or electrically heated water beds was investigated in a multicenter, population-based case-control study
conducted on the West Coast of the United States. Information on maternal exposure during pregnancy or
direct exposure to the subject child was collected by in-person interview from the mothers of 540 case children
and 801 control children. Cases were 19 years of age or younger and were diagnosed between 1984 and 1991.
Controls were recruited using a random digit dialing procedure. The risk of brain tumor occurrence from in
utero exposure to either electric blankets (odds ratio (OR) = 0.9, 95% confidence interval (Cl) 0.6-1.2) or
heated water beds (OR = 0.9, 95% CI 0.6-1.3) was not elevated. Brain cancer risk did not vary by use in any
tnmester of pregnancy, and children with mothers who reported use throughout their pregnancy had no
increased risk. Similar resuits were observed for exposure to the child, in that no association between brain
cancer and use of electnc blankets (OR = 1.0, 95% CI 0.6-1.7) or heated water beds (OR = 1.2, 95% CI
0.7-2.0) was observed. Risks did not vary significantly by age, sex, race, socioeconomic status, or histologic
category for either in utero exposure or child's exposure. This study provides no evidence to support the
hypothesis that there is a relation between brain cancer occurrence in children and 50-/60-Hz magnetic field

exposure from the use of electric blankets and heated water beds. Am J Epidemiol 1996;143:1116-22.
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The hypothesis that prolonged exposure to relatively
high levels of 50-/60-Hz magnetic fields increases the
risk of childhood brain tumors has been tested in
several epidemiologic studies (1-8). These studies
focused on the effects of exposure from high capacity
power lines and other components of residential power
delivery systems; results, however, have been equiv-
ocal. Use of electric blankets has received less atten-
tion, although they represent a source of prolonged
60-Hz magnetic field exposure that can be consider-
ably stronger than that of ambient residential magnetic
fields from power delivery systems. For instance, av-
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erage magnetic flux densities in homes near high cur-
rent residential power lines in the United States are
generally in the range of 1-2 mG (9-12), while the
averages for electric blankets range from 4 mG to 22
mG (13-16). Similarly, water bed heaters are a source
of prolonged magnetic field exposure, although levels
are at least twofold lower than those from electric
blankets (13, 15, 17). We evaluated the effects of
electric blankets and water bed heaters on brain tumor
risk in children as part of a case-control study con-
ducted in 19 counties on the West Coast of the United
States.

MATERIALS AND METHODS

This multicenter, population-based case-control
study, the United States West Coast Childhood Brain
Tumor Study, was conducted to evaluate suspected
environmental and nutritional risk factors for brain
tumor occurrence in children who were diagnosed at
19 years of age or younger over a 7-year period.
Subjects were recruited from three regions of the west-
emn United States: Los Angeles County in Southern
California; five counties in Northern California that
comprise the San Francisco-Oakland metropolitan
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area; and 13 counties in western Washington State,
including the Seattle-Puget Sound metropolitan area.
Each region has a population-based cancer surveil-
lance program that collects incidence, treatment, and
mortality data for virtually all newly diagnosed malig-
nant neoplasms. To be eligible for inclusion in the
study, the biologic mother of the subject had to be
available for interview, have a telephone, speak En-
glish (or Spanish at the Los Angeles site), and provide
informed consent. Recruiting methods were similar,
and the in-person structured interview was the same,
for each study site. At two of the study sites, Seattle
(7) and Los Angeles (8), add-on component studies
were conducted to further evaluate residential mag-
netic fields in relation to brain tumor occurrence. Re-
sults were reported separately, although neither study
had a sufficient number of exposed subjects to ade-
quately address the potential association of electric
blankets or heated water beds with brain tamor occur-
rence. This analysis pools data from each of the three
sites of the multicenter study.

Cases

Children who were diagnosed with a primary tumor
of the brain, cranial nerves, or cranial meninges (I/n-
ternational Classification of Diseases for Oncology
(18) topography codes 191.0-192.1) from January
1984 through December 1990 (Seattle and San Fran-
cisco) or June 1991 (Los Angeles) were identified
from the cancer registry of each area; 813 cases were
identified, and permission to contact the child’s family
was received from the physician of record for 790 (97
percent). Of these, 51 cases did not meet eligibility
criteria (9 mothers were deceased, 11 mothers were
adoptive, 10 mothers had no telephone, and 21 moth-
ers did not meet the language requirements). Of the
remaining 739 cases, the families of 106 (14 percent)
children could not be located, the mothers of 73 (10
percent) children declined to participate, and 20 (3
percent) could not participate for other reasons. Thus,
the mothers of 540 of the 739 (73 percent) case chil-
dren who were determined to be eligible were inter-
viewed for the study. Assuming that all of the children
with physician refusals were eligible, the case partici-
pation rate was 71 percent (540/762).

Controls

Potential controls were identified and recruited from
the same geographic regions in which the cases arose
using a two-step random digit dialing procedure (19).
The procedure was designed to produce a comparison
group that was similar in terms of age and sex to the
case group, at ratios of approximately two controls per
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case in Seattle and San Francisco and one control per
case in Los Angeles. A list of area codes and telephone
prefixes for each catchment area was constructed. Pre-
fixes were randomly chosen from this list, and a ran-
domly generated four-digit suffix was added to the
exchange. Each telephone number was called by an
interviewer to determine whether it was residential,
commercial, or nonworking. If at least nine attempts
on varying days and times did not provide an outcome,
“no answer” was recorded.

For each residence, the household was screened for
eligible children according to a defined protocol. If the
household had more than one eligible child, a random
procedure was used to decide which child would be
invited to participate. If the household had more than
one residential telephone number, a random procedure
was used to select or reject the number called. A letter
was sent to the mother of each eligible child to de-
scribe the study, and a second telephone contact was
made to invite participation.

For the three study sites combined, a screening
interview to determine eligibility was completed for
6,170 of 6,990 (88 percent) residences. Of the 1,079
children who were determined to be eligible, the moth-
ers of 801 (74 percent) agreed to participate and were
interviewed for the study. Each participating control
child was assigned a reference date that corresponded
to a diagnosis date for a similar case.

Exposure information

Information on social and demographic factors and
on potential exposure to suspected brain cancer risk
factors, including use of electric blankets and electri-
cally heated water beds, was collected during an in-
person interview with the mother of each child.
Throughout the interview, mothers were instructed to
provide information only for exposures that preceded
the date of diagnosis (cases) or the reference date
(controls) (hereafter called “the reference date” for
both cases and controls). Each mother was asked about
her usual pattern and frequency of electric blanket and
water bed use during her pregnancy with the subject
child (in utero exposure) and about use by her child
before the reference date. Data were not provided by
two case mothers and six control mothers for in utero
use of electric blankets, or by one case mother for use
of water beds.

Statistical analysis

To evaluate the strength of the association between
brain tumor occurrence and use of electric blankets
and water bed heaters, maximum likelihood estimates
of odds ratios and corresponding 95 percent confi-
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dence intervals were obtained using unconditional lo-
gistic regression. Potential confounding was evaluated
for age at reference date, year of birth, sex, race
(white, Hispanic, African American, or other), socio-
economic status (based on the Hollingshead Social
Index (20)), and study site. Stratum-specific analyses
were compared to evaluate potential effect modifica-
tion for each of these variables, as well as for trimester
of use (for in utero exposure) and histologic type
(astrocytomas and gliomas (ICD-O (18) morphology
codes 9380-9384, 9400-9421, and 9424-9442);
primitive neuroectodermal tumors (codes 9362, 9470
9473, and 9500); and all other histologic types as a
third category). We also analyzed two time periods
separately: 1989 and later when case and control iden-
tification was concurrent, and 1988 and earlier when
cases were identified prior to the initiation of random
digit dialing. Findings were similar for the two peri-
ods; thus, only results for the two periods combined
are presented in the tables. Modest differences in odds
ratios were observed after adjustment for the variables
involved in the frequency-matching scheme: sex, year
of birth (in 5-year categories), and age at diagnosis.
Thus, odds ratios that were adjusted for these variables
are presented. No other confounding factors, including
socioeconomic status, were identified.

RESULTS

There was a slightly higher proportion of boys (55
percent) than girls among cases, and 35 percent were
younger than 5 years of age at diagnosis. A slightly
higher proportion of control children (67 percent) than
case children (58 percent) were non-Latino white, and
cases (58 percent) tended to be of lower socioeco-
nomic status than controls (47 percent) (table 1).

In utero exposure

Approximately 10 percent of case mothers as com-
pared with 13 percent of control mothers had used an
electric blanket during their pregnancy with the sub-
ject child. The odds ratio for any in utero exposure to
electric blankets versus none was 0.9 (95 percent con-
fidence interval (CI) 0.6—1.2), and no significant vari-
ation in risk was observed when the analysis was
stratified by age, sex, socioeconomic status, or histol-
ogy (table 2). To the extent possible, racial differences
in risk were evaluated, and no differences were ob-
served. However, exposure to electric blankets was
very uncommon among minority children, especially
Hispanics. There were no substantive differences in
risk when trimester of use was considered, and for the
16 mothers of cases and 39 mothers of controls who
reported electric blanket use during their entire preg-

TABLE 1. Characteristics of 540 brain tumor cases and 801
controls, US West Coast Childhood Brain Tumor Study,
January 1984—June 1991 ,

Cases Controls
No. % No %

Sex

Male 298 55 448 56

Female 242 45 353 44
Age (years)

s4 188 35 287 36

59 158 29 232 29

10-19 194 36 282 35
Race/ethnicity

White 313 58 532 67

Hispanic 147 27 183 23

African American 42 8 41 5

Other 38 7 44 6
Sociosconomic status*

Lower 314 58 373 47

Higher 226 42 427 53
Resldence

Los Angeles, California 304 56 315 39

Seattle, Washington 134 25 281 35

San Francisco, California 102 19 205 26

* Socioeconomic status was based on the parents’ education
and occupation according to the Hollingshead Soclal Index (20},
lower = 240, higher = <40

nancy, no elevation in risk was observed (odds ratio
(OR) = 0.7, 95 percent CI 0.4-1.3). Most electric
blanket users (83 percent) reported leaving the blanket
on for the entire night. When the analysis was re-
stricted to these individuals, the odds ratio was 0.9 (95
percent CI 0.6-1.3).

Similar results were observed for in utero use of
water beds with electric heaters, in that elevations in
brain tumor risk were not observed (table 2). The risk
of brain tumor occurrence among water bed users
relative to nonusers was 0.9 (95 percent CI 0.6-1.3).
There was little variation in risk by sex, age, race,
socioeconomic status, or histology. Risk did not vary
with use in any trimester and was not elevated for
those subjects whose mothers reported water bed use
during their entire pregnancy (OR = 0.9, 95 percent
CI 0.6-1.3). An apparent elevation in brain tumor risk
was observed among study participants in Los Angeles
County for maternal use of heated water beds during
pregnancy (OR = 2.1, 95 percent CI 1.0-4.4) (8) that
was not observed among participants in San Francisco
and Seattle (for the two sites combined, OR = 0.7, 95
percent CI 0.4-1.0), although a difference in risk by
study site was not postulated a priori.

Child’s exposure

Use by the child of electric blankets (6 percent) or
electrically heated water beds (4 percent) was less com-
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TABLE 2. Association of brain tumor occurrence with in utero exposure to electric blankets or water
bed heaters, US West Coast Childhood Braln Tumor Study, January 1984-June 1991

No. of cases

No. of controls

OR* 95% CI*
Exposed Unexposed Exposed Unexposed
Electric blankst use 53 485 102 693 0.9 0.6-1.2
Sex
Male 29 269 65 380 0.7 0.4-1.1
Femate 24 216 37 313 1.1 0.6-19
Age (years)
<4 17 171 29 257 09 05-1.7
5-9 20 136 33 199 1.0 0.6-1.9
10-19 16 178 40 237 07 0413
Socioeconomic statust
Lower 27 286 33 337 1.1 06-19
Higher 26 199 69 355 07 04-12
Histologic type
Astrogliali 33 273 102 693 0.9 0.6-14
PNET* 6 101 102 693 0.5 0.2-12
Other 14 111 102 693 12 0.6-2.3
Water bed use 55 484 105 696 0.9 06-1.3
Sex
Male 36 262 57 391 1.2 0.7-19
Female 19 222 48 305 06 04-11
Age (years)
<4 27 161 54 233 0.9 0.6-1.6
59 21 136 35 197 11 06-2.0
10-19 7 187 16 266 07 03-1.7
Socioeconomic statust
Lower 30 283 40 333 1.0 0.6-1.8
Higher 25 201 65 362 08 0513
Histologic type
Astroglialt 28 279 105 696 08 0.5-1.3
PNET 13 94 105 696 1.1 0.6-21
Other 14 111 105 696 1.3 07-25

* OR, odds ratio; Cl, confidence interval; PNET, primitive neuroectodermal tumors.
1 Socioeconomic status was based on the parents’ education and occupation according to the Hollingshead

Social Index (20); lower = 240, higher = <40.
1 Astrocytornas and gliomas.

mon than use by the mother during pregnancy. As with in
utero exposure, no associations with brain tumor occur-
rence were observed with use of either electric blankets
(OR = 1.0, 95 percent CI 0.6—1.7) or heated water beds
(OR = 1.2, 95 percent CI 0.7-2.0) (table 3). Risk did not
vary significantly by geographic area or for any of the
stratum-specific variables for either exposure. Over 84
percent of electric blanket users were reported to have
left the blanket turned on throughout the night most of
the time, and the odds ratio for these subjects was 1.2 (95
percent CI 0.7-2.0).

DISCUSSION

To our knowledge, this study was the largest to date
to examine use of electric blankets and water bed
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heaters in relation to childhood brain tumors. The
results do not support the hypothesis that exposure to
electromagnetic fields from electric blankets or water
bed heaters increases a child’s risk of brain cancer.
Maternal use of electric blankets or heated water beds
was not associated with subsequent brain tumor risk in
the children. We observed no indication that use dur-
ing any specific trimester was a risk factor, and chil-
dren with mothers who reported use throughout preg-
nancy were not at increased risk. No association was
observed for child’s use of either electrical appliance.

The limitations of this study should be considered.
We had no measure of time-averaged magnetic field
exposure from these appliances, and the proxy mea-
sures (i.e., reported use) may not have been sensitive
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TABLE 3. Association of brain tumor occurrence with a child’s exposure to electric blankets or water
bed heaters, US West Coast Childhood Brain Tumor Study, January 1884—-June 1991

No of cases No. of controls
OR* 95% Cl*
Exposed Unexposed Exposed Unexposed
Electric blanket use 28 512 46 755 1.0 0.6-17
Sex
Male 17 281 23 425 1.3 0.6-2.5
Female 11 231 23 330 0.8 0.3-1.6
Age (years)
<4 2 186 6 281 0.6 0.1-2.8
59 7 151 9 223 1.1 0.4-3.2
10-19 19 175 31 251 11 0.6-21
Socioeconomic statust
Lower 16 298 18 355 1.2 0.6-2.6
Higher 12 214 28 399 0.8 0.4-1.7
Histologic type
Astrogllalt 19 289 46 755 1.1 0.6-1.9
PNET* 2 105 46 755 0.5 0.1-2.1
Other 7 118 46 755 12 0.5-3.0 .
Water bed use 22 518 a3 787 1.2 07-2.0
Sex
Male 14 284 22 425 11 0522
Female 8 234 11 342 12 0.5-3.1
Age (years)
<4 6 182 11 276 1.0 0.4-29
59 6 152 9 223 10 04-31
10-19 10 184 13 268 13 06-3.2
Socioeconomic statust
Lower 12 302 16 356 0523
Higher 10 216 17 410 0.5~2.5
Histologic type
Astroglialt 12 296 33 767 11 0.5~2.1
PNET 2 105 33 767 05 0.1-2.3
Other 8 117 33 767 22 0.9-51

* OR, odds ratio; Cl, confidence interval; PNET, primitive neuroectodermal tumors.
+ Socloeconomic status was based on the parents’ educaton and occupation according to the Hollingshead

Social Index (20); lower = 240, higher = <40.
1 Astrocytomas and gliomas.

enough to detect differences in brain cancer risk due to
prolonged magnetic field exposure, if in fact differ-
ences exist. For instance, in an analysis that used
three-dimensional computer modeling, an estimated
2.2-fold variation in whole-body magnetic flux density
was estimated to result from differences in blanket size
and type, body size, and sleeping position (14). Addi-
tionally, the estimated average exposure to an 8-year-
old child was approximately 17-fold lower at the head
of the child than over the rest of the body. While this
variation should not be important for fetal exposure, it
may be important for intensity of exposure to the
child, since electric blankets usually do not cover the
head, and brain exposure may be limited. Electric
blankets and water bed heaters cycle on and off during
use, and the frequency of the cycling depends on such
factors as the type of device, the setting of the device,

and the temperature of the room in which it is used.
We did not have sufficient data to examine these
factors; nor did we have data on the location of water
bed heaters (e.g., at the foot of the bed or the side of
the bed), a factor that influences the distribution of
fields across the bed surface (15).

Despite our ability to pool data from three study
sites, exposure was not common, especially among the
children, and we were limited in our ability to conduct
stratum-specific analyses. For instance, we had insuf-
ficient numbers of exposed subjects to draw any con-
clusions about risk in nonwhite racial groups, or to
provide a more detailed examination of histologic
subgroups. The relatively low frequency of electric
blanket use in our study population is to be expected,
given the fact that Los Angeles does not normally have
a cold season. Seattle and San Francisco do experience
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